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Aims and Scope

The European Journal of Breast Health (Eur ] 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, Diagnosisand 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 (1509) 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-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
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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 | Breast Health) is an international,
open access, online-only periodical published in accordance with the principles of
independent, unbiased, and double-blinded peer-review.

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

The editorial and publication processes of the journal are shaped in accordance
with the guidelines of the International Council of Medical Journal Editors (ICMJE),
the World Association of Medical Editors (WAME), the Council of Science Editors (CSE),
the Committee on Publication Ethics (COPE), the European Association of Science
Editors (EASE), and National Information Standards Organization (N1SO). 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:

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

2. Drafting the work or revising it critically for important intellectual content; AND
3. Final approval of the version to be published; AND

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

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

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

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

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

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

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

The European Journal of Breast Health (Eur ] 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 | Breast Health evaluation system, the submission
fees are collected from you or through your fund provider, institution or sponsor.

Eur ] Breast Health regularly reviews the fees of submission fees and may change
the fees for submission fees. When determining the costs for Eur | 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
$150

Free of charge

Article type

Original articles

Editorial comment

Review article (No application fee will be

charged from invited authors) $150

$150

Free of charge

Case report

Letter to the editor

Images in clinical practices Free of charge

Current opinion Free of charge

$150

Systematic review

When and How do | pay?

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

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)
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Account name: Meme Hastaliklari Dernekleri Federasyonu iktisadi Isletmesi
Branch code (QNB Finans Bank Cerrahpasa): 1020
Swift code: FNNBTRISOPS

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

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

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

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

Refund policy:

The Eur ) 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 ] 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 ] 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.

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:
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* 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.nIm.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 S). Statistical guidelines for contributors
to medical journals. Br Med ] 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.

A-VI
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Case Reports: There is limited space for case reports in the journal and reports
on rare cases or conditions that constitute challenges in diagnosis and treatment,
those offering new therapies or revealing knowledge not included in the literature,
and interesting and educative case reports are accepted for publication. The text
should include “Introduction”, “Case Presentation”, “Discussion and Conclusion”

subheadings. Please check Table 1 for the limitations for Case Reports.

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

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

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

Table 1. Limitations for each manuscript type

Type of Word Abstract Reference Table Figure

manuscript | limit word limit limit limit limit

Original 3500 250 30 6 7 or tatal

Article (Structured) of 15
images

Review 5000 250 50 6 10 or

Article total of 20
images

Case Report | 1000 200 15 No 10 or

tables | total of 20

images

Letter to the | 500 No abstract 5 No No media

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”
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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
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ABSTRACT

Triple-negative breast cancer (TNBC) lacks estrogen and progesterone receptors, and estrogen receptor/progesterone receptor/human epidermal
growth factor receptor 2 expression, and is associated with early relapse, visceral metastasis, and limited targeted options. High-throughput
profiling supports TNBC as a collection of molecularly distinct diseases with exploitable vulnerabilities across DNA-damage response, cell-
cycle control, receptor tyrosine kinase signaling, metabolism, and anti-tumor immunity. Clinically, immune checkpoint blockade has shifted
standards of care in selected settings, and biomarker enrichment is increasingly central to trial design. In parallel, DNA repair-directed
approaches, including poly(ADP-ribose) polymerase inhibitors in BRCA1/2-mutant and homologous recombination—deficient tumors, are
being extended through rational combinations that intensify replication stress (e.g., ataxia telangiectasia and Rad3-related protein, WEE1, or
checkpoint kinase 1 inhibition) to deepen responses and delay resistance. Additional candidate targets, including androgen receptor-driven
disease biology, epidermal growth factor receptor, fibroblast growth factor receptor, vascular endothelial growth factor receptor signaling,
and emerging antibody-drug conjugate antigens highlight the importance of matching therapy to subtype and tumor microenvironment
context. Metabolic reprogramming (glycolysis, fatty-acid oxidation/synthesis, and amino-acid use) intersects with therapy resistance and may
provide complementary combination opportunities. In this study, we synthesize recent advances in actionable TNBC pathways, summarize key
preclinical and clinical evidence, and propose a pragmatic framework for biomarker-led combinations that integrate DNA repair, cell-cycle,
metabolic, and immune vulnerabilities.

Keywords: Triple-negative breast cancer (TNBC); precision oncology; DNA damage response; cell-cycle/mitotic targets; metabolic reprogramming;
immunotherapy; antibody-drug conjugates

KEY POINTS

* Triple-negative breast cancer (TNBC) is aggressive, heterogeneous, and lacks estrogen receptor/progesterone receptor/human epidermal growth factor receptor
2, so targeted options are limited.

» Next-generation targets matter because profiling reveals distinct TNBC subgroups with actionable vulnerabilities.
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expanding beyond classic HRD.

synthetic lethality.

survival and metastasis and may be biomarker-linked targets.

selected TNBC patients when guided by biomarkers.

Poly(ADP-ribose) polymerase (PARP) inhibitors work best in BRCA1/2-mutated and other homologous recombination deficiency (HRD) TNBC, and research is
Pairing PARP inhibition with ataxia telangiectasia and Rad3-related protein, WEE1, or checkpoint kinase 1 inhibitors can raise replication stress and create

These replication-stress combinations may also help overcome or delay treatment resistance.
Cell-cycle and mitotic regulators like CDC25 and aurora kinase A are druggable nodes that disrupt abnormal proliferation.
Protein-stability and oncogenic drivers such as heat shock protein 90, mouse double minute 2 homolog/MDM2 binding protein, and metadherin support

Receptor tyrosine kinase targeting (epidermal growth factor receptor, fibroblast growth factor receptor, vascular endothelial growth factor receptor) can benefit

* Immunotherapy with programmed cell death protein 1/programmed death-ligand 1 (PD-L1) inhibitors improves outcomes in PD-L1-positive TNBC, and

combination approaches aim to deepen responses.

* The best path forward is biomarker-driven, rational combinations that integrate DNA repair, cell-cycle, metabolic, and immune vulnerabilities.

Introduction

Breast cancer remains a major global health burden, with
hundreds of thousands of deaths annually and persistent
disparities in outcomes across regions and populations (1).
Contemporary epidemiology underscores both the scale of the
problem and the importance of sustained investment in early
detection and improved systemic therapy (2, 3). Triple-negative
breast cancer (TNBC) is defined clinically by the absence of
estrogen receptor, progesterone receptor, and estrogen receptor
(ER)/progesterone receptor (PR)/human epidermal growth factor
receptor 2 (HER2). Although this definition is operationally
useful, it encompasses multiple biologically distinct diseases
that differ in immune infiltration, metastatic tropism, and
therapy sensitivity. TNBC accounts for roughly 10-20% of breast
cancers and is associated with higher rates of early relapse and
visceral metastasis compared with hormone receptor-positive
disease (4). Because surgery and endocrine therapy and HER2-
directed therapy are ineffective (5), systemic management
historically relied on chemotherapy, with newer targeted and
immune-based strategies now expanding options, due to which
we focus on next-generation therapeutic vulnerabilities in TNBC
and the practical logic for combination regimens. We emphasize
DNA-damage response and replication stress, cell-cycle and
checkpoint dependence, growth factor and nuclear receptor
signaling, inflammatory and stem-like programs that enable
metastasis and drug resistance, and metabolic reprogramming
as an adjunct target space. Throughout, we highlight biomarker
contexts that can help match patients to therapies and prioritize
the most actionable combinations for clinical translation (6-8).

Materials and Methods

Literature search was conducted in databases including PubMed/
MEDLINE, Scopus, and Web of Science using key words “triple
negative breast cancer”, “targeted therapy”, “precision therapy”,
“drug resistance”, “metastasis”. Target/pathway terms aligned

with the review scope [poly(ADP-ribose) polymerase (PARP), p53,

epidermal growth factor receptor (EGFR), fibroblast growth factor
receptor, PI3K/AKT/mammalian target of rapamycin (mTOR),
immune checkpoint etc.]. Studies were included if they include
clinical trials, in vitro/in vivo studies providing mechanistic
support for a target’s role in TNBC biology or systematic reviews
or meta-analyses used primarily to contextualize clinical
efficacy/safety trends. Exclusion criteria included non-TNBC
breast cancer studies without extractable TNBC subgroup data
or articles lacking primary data, and reports with insufficient
methodological detail to interpret findings.

Results
TNBC Heterogeneity and the Evolving Treatment Landscape

Despite progress, TNBC management remains constrained by
three recurring challenges: rapid emergence of resistance, limited
durability of response in metastatic disease, and treatment-
related toxicities that restrict intensification. Even when immune
checkpoint blockade or targeted therapy is indicated, most
regimens still rely on chemotherapy backbones that contribute
neuropathy, myelosuppression, fatigue, and cumulative organ
toxicities. Consequently, many reviews emphasize a shift from
empiric escalation toward precision combination strategies that
use biomarkers to select patients who can benefit from targeted
agents while allowing chemotherapy de-escalation when deep
responses occur (7-9). A practical implication is that target
selection in TNBC often means selecting a combination rather
than a single agent. Because the disease frequently uses parallel
pathways [receptor tyrosine kinase (RTK) signaling, checkpoint
dependence, inflammatory loops, and metabolic adaptation] to
maintain survival, therapeutic programs that inhibit only one
node are commonly bypassed. Drug development frameworks
therefore prioritize identifying dominant dependencies in
a given tumor state, pairing agents with complementary
mechanisms (e.g., DNA damage plus checkpoint inhibition), and
using on-treatment biomarkers to confirm that the intended
pathway is suppressed in vivo (6, 10). TNBC heterogeneity has
practical implications for therapy selection. Molecular subtyping
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efforts consistently identify basal-like phenotypes enriched for
DNA repair and cell-cycle abnormalities, as well as immune-
enriched tumors and androgen receptor-driven subgroups that
resemble luminal programs despite ER/PR negativity (11, 12).
Clinically useful biomarkers now include germline/somatic
BRCA1/2 alterations, homologous recombination deficiency
(HRD)-associated features, and immune markers such as
programmed death-ligand 1 (PD-L1) expression and tumor-
infiltrating lymphocytes. Guideline-based care increasingly
integrates biomarker-driven strategies alongside chemotherapy,
particularly in high-risk early-stage and metastatic settings
(9, 13). Immune checkpoint blockade has shifted standards of
care for selected patients. Atezolizumab combined with nab-
paclitaxel has been reviewed as an approach for PD-L1-positive
metastatic TNBC, with ongoing efforts to refine patient selection,
sequencing, and management of immune-related adverse events
(14, 15). More broadly, programmed cell death protein 1 (PD-1)/
PD-L1 targeting in breast cancer is supported by an expanding
clinical evidence base, and multiple lines of investigation aim to
deepen and prolong responses through rational combinations
(13, 16). At the same time, the therapeutic pipeline is broadening.
Reviews of TNBC drug discovery emphasize DNA repair targeting,
kinase pathway inhibitors, and emerging immune and antibody-
based platforms as key growth areas (6, 10, 17). In particular,
antibody engineering has enabled bispecific formats that can
redirect immune effector functions or engage multiple tumor
antigens, potentially overcoming pathway redundancy and
tumor escape mechanisms (17).

DNA as Target: Repair Path, Replication Stress, and
Synthetic Lethality in TNBC Cells

Platinum chemotherapy provides a clinically familiar example
of DNA damage exploitation in TNBC, and it is often considered
in HR- deficient or highly proliferative tumors. The rationale is
conceptually aligned with PARP inhibition: both approaches
increase DNA lesions that require high-fidelity repair. However,
platinum sensitivity is not synonymous with HRD, and clinical
benefit can vary depending on tumor subtype, prior exposure,
and drug tolerance. For this reason, contemporary strategies
frequently combine DNA crosslinking agents with targeted
checkpoint inhibitors rather than relying on cytotoxic DNA
damage alone (6, 18). Epigenetic modulation can also intersect
with DNA repair targeting. Histone deacetylase (HDAC) inhibition
may alter chromatin accessibility, transcription of repair genes,
and replication stress responses. In TNBC cells, the HDAC inhibitor
suberoylanilide hydroxamic acid has been reported to enhance
the activity of PARP inhibitor olaparib, suggesting a potential
strategy for sensitization in tumors where PARP inhibition alone
is insufficient (4, 19). More recently, discovery-oriented work has
described dual targeting of G-quadruplex structures and HDAC
activity as a novel approach to disrupt proliferation and increase
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DNA damage burden (20). When considering these combinations,
two principles are especially important. First, combinations
should be built around a specific failure mode, e.g., restoring
HR, checkpoint adaptation, or transcriptional rewiring rather
than combining agents solely because each has modest single-
agent activity. Second, the biomarker strategy should anticipate
toxicity since multi-agent DNA damage and checkpoint regimens
can increase hematologic adverse events, so early-phase
development must establish schedules that preserve exposure
while maintaining tolerability (7, 8). Defects in HR repair create a
synthetic lethal opportunity for PARP inhibition. In HR-deficient
tumors, PARP inhibition both impairs single-strand break repair
and increases replication-associated lesions that evolve into
unrepaired double-strand breaks, driving selective tumor cell
death (6). However, resistance can emerge through restoration of
HR function, replication fork protection, altered PARP trapping,
or rewiring of cell-cycle checkpoints. Accordingly, a major
thrust of next-generation therapy is to combine PARP inhibition
with agents that amplify replication stress or prevent DNA
damage tolerance. Checkpoint and replication-stress targeting
provides a mechanistic route to deepen PARP responses.
Ataxia telangiectasia and Rad3-related (ATR) protein kinase is
involved in the DNA damage response and a master regulator
of replication stress signaling, coordinating fork stabilization
and S/G2 checkpoint enforcement. In phosphatase and tensin
homolog (PTEN)-deficient breast cancers, ATR targeting has been
proposed as a personalized therapy strategy, with preclinical
evidence supporting increased DNA damage and vulnerability
to DNA repair disruption (21). Similarly, WEET G2 checkpoint
kinase inhibition can force premature mitotic entry, converting
accumulated DNA lesions into mitotic catastrophe. Co-targeting
DNA repair and checkpoint control has shown synergistic
effects in TNBC models with Cyclin E or BRCAT alterations (22,
23). Clinical translation of replication-stress combinations
is underway. One example is berzosertib (an ATR inhibitor)
combined with cisplatin in advanced TNBC, evaluated in a phase
1b setting. Such regimens aim to exploit the reliance of highly
proliferative tumors on checkpoint signaling when exposed to
DNA crosslinking agents (18). These approaches also illustrate key
implementation questions: identifying predictive biomarkers
(e.g., HRD, PTEN loss, high replication stress signatures) and
managing overlapping toxicities, including myelosuppression
and fatigue.

DNA repair intersects with immune regulation. PARP inhibition
has been reported to upregulate PD-L1 expression and increase
cancer-associated immunosuppression, providing a biologic
rationale for combining PARP inhibitors with checkpoint
blockade (24). Depending on context, this PD-L1 increase could
represent an adaptive immune-evasion response that becomes
therapeutically actionable when PD-1/PD-L1 is blocked. Thus,
replication-stress therapies may serve dual roles in direct
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cytotoxicity through DNA damage and indirect immune
modulation that enhances checkpoint inhibitor responsiveness.

Cell Cycle Checkpoint Targets in TNBC

Checkpoint dependence is not only a consequence of genomic
instability; it can also be a compensatory adaptation to oncogene-
driven hyperproliferation. In such states, tumor cells tolerate
replication stress by engaging ATR-CHK1 (checkpoint kinase 1)
signaling, enforcing G2/M arrest, and activating transcriptional
programs that buffer damage. WEET and polo-like kinase 1
(PLK1) represent complementary nodes where WEET maintains
G2 control, while PLK1 drives mitotic progression. Therefore,
combinations that perturb both checkpoint enforcement and
mitotic execution may be particularly effective when paired
with DNA damage induction (22, 23, 25). Mutant p53 biology
also links to inflammatory and RTK signaling. Mutant p53 can
influence cytokine pathways and transcriptional outputs that
promote invasion and survival, which may explain why mutant
p53 targeting is viewed as a cross-cutting strategy that can
affect both tumor-intrinsic growth and microenvironmental
interactions (26). From a translational perspective, identifying
mutant p53-dependent transcriptional states and mapping
them to druggable dependencies, such as cyclin-dependent
kinase 7 (CDK7) can create a more actionable precision
framework than attempting universal p53 restoration (27).
Beyond DNA repair, TNBC frequently depends on cell-cycle
checkpoints and transcriptional programs that compensate for
genomic instability. WEET inhibition represents one checkpoint-
directed strategy, and preclinical work suggests synergy with
capecitabine by increasing DNA damage and limiting repair
capacity (23). PLK1 is another mitotic regulator implicated in
TNBC; immunohistochemical studies in triple-negative breast
carcinoma support PLK1 as a plausible therapeutic target and
potential biomarker for aggressive biology (25). The p53 pathway
is particularly relevant because tumor protein p53 (TP53) is
mutated in a large fraction of TNBC. Comprehensive genetic
profiling in triple-negative tumors has documented frequent
TP53 alterations alongside other actionable changes, reinforcing
the importance of pathway-based targeting strategies (28).
Mutant p53 has been proposed as a novel therapeutic target
in metastatic breast cancer, both because mutant p53 can gain
pro-oncogenic functions and because p53 pathway disruption
can create exploitable dependencies on alternative checkpoints
(26). An emerging concept is to target mutant-p53 dependency
rather than attempting direct p53 reactivation in every setting.
For example, CDK7 inhibition has been explored as a way to
exploit the transcriptional addiction of mutant p53-dependent
TNBC cells, emphasizing that transcriptional regulation can
be as critical as classical kinase signaling in sustaining tumor
growth (27). These ideas complement checkpoint and DNA
repair therapies: by reducing transcription of survival programs

or DNA damage response genes, transcriptional inhibitors may
lower the threshold for apoptosis when tumors are exposed to
replication stress.

Growth Factor Signaling Molecules as Target for
TNBC Treatment

RTK biology in TNBC is best understood as a signaling network
rather than a single driver. EGFR can promote downstream
mitogen-activated protein kinase and phosphatidyl inositol
3-kinase (PI3K) pathway activation, while MET proto-oncogene
(cMET) provides a bypass route that preserves proliferative
signaling under EGFR blockade. Accordingly, combinatorial
approaches may include dual RTK inhibition, RTK inhibition
plus PI3K/AKT/mTOR suppression, or RTK inhibition plus
chemotherapy to increase tumor cell kill before adaptive
reprogramming occurs (29, 30). Seven-in-absentia homologue
(SIAH) pathway activity has been proposed as a functional
readout of persistent EGFR/K-rat sarcoma family (RAS) signaling,
which may be particularly relevant for identifying tumors that
remain pathway-dependent despite chemotherapy exposure. If
validated prospectively, such pathway activity markers could help
stratify patients for RTK- or pathway-directed intensification, and
could provide an on-treatment measure of whether resistance is
emerging through pathway reactivation (31).

Angiogenesis inhibition occupies a similar niche: it is rarely
sufficientas monotherapy but may contribute meaningful benefit
in combinations that improve drug delivery, reduce hypoxia-
driven adaptation, or reshape immune infiltration. Mechanistic
reviews of anti-vascular endothelial growth factor (VEGF) therapy
emphasize that the most effective use cases may be those where
vascular normalization or immune-vascular interactions are
explicitly targeted rather than expecting angiogenesis blockade
to eradicate tumor cells directly (32). RTK signaling remains a
major vulnerability for subsets of TNBC, but single-agent RTK
inhibition has often been limited by pathway redundancy
and compensatory signaling. EGFR is frequently expressed in
TNBC, and combinations of antibodies to EGFR have inhibited
TNBC models in preclinical work, supporting the premise that
multi-epitope blockade or combination with cytotoxic agents
can improve efficacy (29). Resistance mechanisms highlight
why network-level strategies are required. cMET activation has
been associated with EGFR-directed therapy resistance in TNBC,
suggesting that dual RTK targeting or downstream pathway
suppression may be needed to prevent bypass signaling (33).
More recently, persistent activation of the EGFR/K-RAS/SIAH
pathway has been linked to chemoresistance and early relapse in
TNBC, reinforcing the importance of identifying durable pathway
readouts (e.g., SIAH activity) that can track oncogenic signaling
under treatment pressure (31). Downstream signaling inhibitors
are therefore central to the next-generation landscape. The
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PI3K/AKT/mTOR axis regulates growth, survival, and metabolism
and is commonly altered or activated in TNBC through multiple
upstream inputs. Drug discovery reviews emphasize both
the promise and challenge of pathway inhibition, including
feedback activation, metabolic adaptation, and toxicity that can
limit dose intensity (30). Combination logic often pairs PI3K/AKT/
mTOR pathway inhibitors with chemotherapy, RTK targeting,
or immunotherapy to reduce adaptive signaling and increase
tumor cell kill. Angiogenesis contributes to tumor growth and
metastasis through VEGF receptor signaling, which can also
shape immune contexture by influencing vascular permeability
and immune cell trafficking. Recent reviews of anti-VEGF
therapy in breast cancer summarize key molecular targets
and therapeutic strategies, supporting continued exploration
of angiogenesis inhibitors in biomarker-defined settings and
rational combinations (32).

Inflammatory Signaling in TNBC, STAT3 Dependence
and Cancer Stemness

The signal transducer and activator of transcription 3 (STAT3)-
linked mechanisms also suggest a rationale for multi-layer
targeting. For example, tumors that show leptin receptor (LEPR)-
STAT3 dependence at hematological and neurological expressed
1-like protein (HN1L)-high states could, in principle, be co-targeted
at the cytokine receptor level (to reduce upstream activation)
and at downstream survival nodes such as PI3K/AKT/mTOR
or checkpoint signaling, particularly when therapy exposure
increases inflammatory cues from the microenvironment (30, 34).
Similarly, cancer stem cell (CSO)-directed sensitization strategies
illustrated by dasatinib-mediated chemosensitization may be
most effective when coupled to a second agent that eradicates
the bulk tumor population. This “two-compartment” logic (bulk
tumor cytotoxicity plus CSC suppression) aligns with the clinical
observation that initial responses can be followed by relapse
driven by residual resistant clones or stem-like populations (4,
7, 34-36).

Inflammatory signaling supports TNBC progression by promoting
proliferation, invasion, immune suppression, and therapy
resistance. Interleukin-6 (IL-6)/STAT3 signaling is a recurrent
theme: multiple TNBC regulators converge on STAT3 activation,
which can sustain stem-like features and chemotherapy
resistance. Mechanistically, gametogenetin-binding protein has
been reported to suppress TNBC aggressiveness by inhibiting IL-6/
STAT3 signaling activation, highlighting that negative regulators
of STAT3 can function as tumor suppressors (37). Conversely, HNTL
gene has been implicated in promoting TNBC stem cells through
a LEPR-STAT3 pathway, linking inflammatory cues to stemness
and metastatic potential (34). Pharmacologic disruption of IL-6/
STAT3 signaling is therefore an active area of investigation.
Bazedoxifene has been described as an IL-6/glycoprotein 130
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kDa (GP130) inhibitor with activity in TNBC models, supporting
GP130 as a druggable node in inflammatory signaling (38). These
approaches may complement immunotherapy: By reducing
cytokine-driven immune suppression and stem-like persistence,
STAT3 pathway inhibition could improve both chemotherapy
sensitivity and immune-mediated tumor clearance.

CSC phenotypes are linked to relapse and metastasis in TNBC,
and CSC-directed strategies often overlap with inflammatory
and RTK signaling. Dasatinib, a proto-oncogene tyrosine-protein
kinase (SRC)-family kinase inhibitor, has been shown to sensitize
TNBC cells to chemotherapy by targeting CSCs, exemplifying
a sensitization approach that is not primarily cytotoxic as
monotherapy but can amplify standard regimens (35). More
broadly, reviews of CSC targeting in TNBC emphasize that
successful translation will require robust CSC biomarkers and
endpoints that capture residual disease biology (36).

Metabolic Reprogramming in TNBC
Microenvironmental Context

Metabolic targeting is increasingly viewed as a way to constrain
adaptability rather than to produce immediate tumor regression
in all patients. Because metabolic pathways support multiple
resistance phenotypes-drug efflux, antioxidant defense, and
survival underhypoxia-metabolicinterventions may be particularly
useful as partners for DNA damage, RTK, or immune therapies.
For instance, PI3K/AKT/mTOR signaling regulates glucose uptake
and anabolic growth, so pathway inhibition can indirectly reshape
metabolic state; conversely, tumors may compensate for pathway
inhibition by switching fuel sources or increasing oxidative
metabolism (30, 39). Serine biosynthesis illustrates how a relatively
narrow metabolic vulnerability can connect to broad phenotypes
such as metastasis. When phosphoserine aminotransferase 1
(PSAT1) is required for invasive behavior, targeting serine pathway
enzymes may suppress dissemination even if primary tumor
proliferation is only modestly affected. This supports a broader
strategy: matching metabolic inhibitors to clinically relevant
phenotypes (metastasis risk, stem-like persistence) and measuring
endpoints beyond short-term tumor shrinkage (36, 40). Metabolic
reprogramming enables TNBC cells to survive fluctuating
nutrient supply, oxidative stress, and therapy-induced damage.
A comprehensive review of metabolic remodeling in TNBC
highlights glycolysis, mitochondrial adaptation, lipid metabolism,
and amino-acid utilization as interconnected vulnerabilities
that also influence immune function and drug resistance (39).
Importantly, metabolic dependencies vary by subtype and
microenvironment; therefore, metabolic targeting is most
likely to succeed when guided by biomarkers such as pathway
enzyme expression, metabolite signatures, or transcriptional
programs. Metabolism also connects systemic physiology to
tumor behavior. Adipokines and adiponectin-related signaling
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have been investigated in relation to estrogen receptor-negative
and triple-negative subtypes, suggesting that host metabolic state
can shape tumor biology and potentially therapy response (41).
While such associations do not immediately specify a drug target,
they reinforce a practical point: metabolic and inflammatory
context can influence the effectiveness of targeted and immune
therapies, and should be considered in trial stratification and
covariate adjustment. Specific metabolic enzymes can mediate
invasion and metastasis. For example, selective loss of PSAT1 has
been reported to inhibit invasion, migration, and experimental
metastasis in TNBC, positioning serine biosynthesis as a candidate
vulnerability in metabolically dependent tumors (42). Because
metabolic interventions can have systemic effects, careful dose
optimization and patient selection will be important, particularly
when metabolic targeting is combined with chemotherapy or
immunotherapy.

Emerging Platforms and Combination Design
Principles

A useful way to operationalize combination selection is to map
each patient’s tumor to a small set of dominant liabilities and
then choose combinations that cover complementary failure
modes. Examples include HRD/BRCA-altered or high replication
stress tumors: PARP + ATR/WEE1, with optional checkpoint
blockade when immune markers are present (18, 22, 24). In
RTK/pathway-dependent tumors, EGFR/RTK-directed therapy
plus downstream PI3K/AKT/mTOR suppression or chemotherapy
is appropriate (29, 30, 33). In STAT3/CSC-enriched tumors, GP130/
STAT3 targeting plus CSC sensitization to chemotherapy, with
careful immune monitoring should be used (35, 38).

Because TNBC is clinically managed across distinct disease states
(neoadjuvant, adjuvant, metastatic), the optimal endpoint also
differs. In early-stage disease, pathologic complete response and
event-free survival can be sensitive to intensification strategies.
In metastatic disease, durable disease control and quality of
life are paramount, and toxicity-limited regimens may need
sequential rather than simultaneous combinations. These
trade-offs argue for adaptive clinical trial designs that allow
response-guided therapy modification and incorporate patient-
reported outcomes alongside molecular biomarkers (7, 8, 13).
Antibody engineering is enabling next-generation platforms
that can complement small-molecule and cytotoxic strategies.
Bispecific antibodies offer opportunities to co-engage immune
cells and tumor antigens or to block multiple signaling inputs
simultaneously, potentially reducing pathway redundancy and
adaptive resistance (17). In parallel, new delivery and targeting
strategies including peptide-derived agents continue to expand
the druggable space in TNBC. For instance, gap junction protein
connexin 26-derived cell-penetrating peptides have been used
to target homeobox transcription factor, a stemness-associated
factor NANOG and focal adhesion kinase (FAK, also called PTK2).

FAK, illustrating a mechanism-driven strategy that links stemness
programs to focal adhesion signaling (43). Combination design
is increasingly informed by mechanistic complementarity: pair
DNA damage with checkpoint blockade to convert damage into
lethal events (22, 23), combine pathway inhibitors to prevent
bypass signaling (31, 33), integrate immune modulation when
tumor antigens and immune infiltration are present (13, 16),
and target stem-like persistence or inflammatory loops to
reduce relapse risk (34, 36). Early-phase clinical development
of multi-agent regimens, such as kinase inhibition combined
with immunotherapy and chemotherapy, demonstrates the
feasibility of multi-node targeting but also emphasizes the need
for toxicity-aware sequencing and adaptive dosing (44).

In practice, biomarker integration is the key enabling factor.
Candidate biomarkers include: BRCA/HRD status (for PARP and
replication-stress therapies), PTEN loss or high replication stress
signatures (for ATR/WEE1 strategies), PD-L1 and immune gene
signatures (for checkpoint blockade), and STAT3 pathway activity
markers (for IL-6/GP130 or LEPR-STAT3 targeting). Developing
trial designs that allow therapy adaptation based on early
molecular response using circulating tumor DNA or serial biopsy
may help reduce overtreatment while preserving efficacy (7, 8).

Conclusion

TNBC is a heterogeneous clinical entity that demands
biologically guided therapy. Recent progress reflects two
complementary trends: better matching of patients to therapies
using biomarkers (e.g., PD-L1, HRD) and increasing use of
rational combinations that anticipate resistance and exploit
synthetic lethal interactions. Replication-stress strategies (ATR/
WEE1/CHK pathways), RTK and downstream signaling blockade
(EGFR/cMET/PI3K), inflammatory and stemness targeting (STAT3/
CSC programs), and metabolic adjunct therapies together form
a coherent next-generation toolkit. Continued advances will
depend on integrating these tools into adaptive, biomarker-
led clinical strategies that maximize durable control while
minimizing cumulative toxicity.
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ABSTRACT

Objective: High-mobility group (HMG) protein families are critical regulators of chromatin structure and gene expression in breast cancer. This
study systematically evaluates their expression patterns, genetic interactions, and clinical relevance.

Materials and Methods: Expression profiles of HMG proteins were analyzed using mRNA data from gene expression profiling interactive analysis
2. We performed protein-level validation using the Human Protein Atlas. Prognostic significance was assessed through survival analysis, while
genetic alterations were mapped using cBioPortal. Pathway enrichment and protein-protein interactions were explored with EnrichR and
Search Tool for the retrieval of interacting genes/proteins, respectively. Associations with p53 mutation status were investigated using University
of Alabama at Birmingham Cancer Data Analysis Portal.

Results: HMGA1 emerged as a central driver in triple-negative breast cancer (TNBC), forming a transcriptional complex with FOXM1 that
activated VEGFA-mediated angiogenesis, which correlated withwas associated with poor patient survival. In contrast, HMGA2 overexpression
was paradoxically associated with favorable outcomes despite promoting tumor angiogenesis. HMGB1 regulation was linked to genomic
instability and metastasis, yet it showed potential protective effects in survival analyses. HMGB2 independently predicts poor prognosis in large
tumors, and HMGB3 correlates with aggressive progression. HMGB4, though expressed at low levels, is associated with improved survival in
early-stage patients. HMGN1 and HMGN4 promoted tumor growth, while HMGN2 suppressed proliferation and induced apoptosis, highlighting
its therapeutic potential.

Conclusion: HMG proteins exhibit context-dependent roles in breast cancer, with HMGA1, HMGB2-3, and HMGN1/4 driving tumors, while
HMGA2, HMGB1, HMGB4, and HMGN2 show protective or paradoxical effects. These findings position HMG proteins as both biomarkers and
therapeutic targets, particularly HMGA1 in TNBC angiogenesis and HMGN2 in the induction of apoptosis.
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KEY POINTS

» HMGAT drives angiogenesis via FOXM1/VEGFA, which is associated with poor prognosis.

* HMGA2 paradoxically promotes angiogenesis, yet correlates with improved survival.

* HMGB1 up genomic instability/metastasis but may protect survival.

* HMGB2 promote tumour size/stage and HMGB3 signal advanced disease.

* HMGN1/HMGN4 promote tumour growth and HMGN2 inhibits proliferation and induces apoptosis.

Introduction

Breast cancer remains one of the most prevalent cancers among
women worldwide and is a leading cause of cancer-related
mortality (1). The complexity of breast cancer, characterized by
its heterogeneous nature and varying responses to treatment,
necessitates the identification of reliable prognostic markers (2).
Early detection and accurate prognostic assessments are vital for
improving survival rates and tailoring therapeutic strategies (3).
Research has demonstrated that specific high mobility group
(HMG) proteins are differentially expressed in breast cancer
tissues compared with normal breast tissue, suggesting their
involvement in tumorigenesis and progression (4).

HMG proteins are a diverse family of chromatin-associated
proteins that play crucial roles in regulating gene expression,
DNA repair, and cell proliferation (5). This family includes several
members, each exhibiting distinct functions that contribute to
cellular processes and tumor biology. HMGA (HMGA1, HMGA2)
proteins show differentiation of embryonic and adult stem cells
(6). HMGB proteins (HMGB1, HMGB2, HMGB3, HMGB4), first
studied in yeast, have become central to cancer biology research.
They regulate DNA repair and gene expression and drive
cellular processes that promote tumour progression (7). HMG
nucleosome-binding (HMGN) proteins, particularly HMGN1 and
HMGNZ2, regulate chromatin accessibility and transcription factor
binding in ameloblast differentiation. Their down-regulation
accelerates ameloblast maturation and enamel deposition,
highlighting their role in modulating gene expression, which
may also influence cancer progression (8). HMGN3 promotes
cancer progression by repressing epithelial regulatory genes in
cholangiocarcinoma (CCA), with its high expression associated
with metastasis (9). HMGN4 promotes thyroid cancer by altering
gene expression, downregulating tumor suppressors, and
increasing tumorigenicity (10).

In the context of breast cancer, these proteins have garnered
attention due to their potential as prognostic biomarkers that
can inform treatment decisions and predict patient outcomes.

The prognostic significance of HMG proteins in breast cancer is
underscored by their associations with various clinical outcomes
(11). Elevated levels of certain HMGA2 proteins have been

associated with poor prognosis, whereas elevated levels of other
HMGA2 proteins correlate with favourable outcomes (12).

Molecular cancer biomarkers, including those from the HMG
protein family, serve as measurable indicators of cancer risk,
presence, and patient prognosis (13). Their utility extends to risk
assessment, screening, diagnosis, and monitoring of treatment
responses. As the landscape of breast cancer treatment evolves,
the integration of molecular biomarkers into clinical practice
becomes increasingly important for personalized patient care
(14).

Despite increasing recognition of the involvement of HMG
proteins in oncogenesis, their specific contributions to breast
cancer remain insufficiently defined. Existing omics-based
studies have largely focused on individual gene signatures or
pathway-level analyses, leaving the expression dynamics and
prognostic relevance of HMG family members underexplored.
Given their established roles in chromatin remodelling,
transcriptional regulation, and tumour progression, HMG
proteins represent promising yet under-investigated candidates
for systematic evaluation in breast cancer. This study addresses
this gap by integrating multi-omics datasets to comprehensively
characterize HMG protein expression patterns across breast
cancer subtypes and to assess their prognostic implications. By
highlighting subtype-specific associations and utilizing large-
scale online databases, we aim to identify novel biomarkers that
could refine prognostic stratification. These biomarkers may
also inform therapeutic strategies, thereby advancing precision
oncology in breast cancer.

Materials and Methods

Gene Expression Patterns and Prognostic Evaluation of the
HMG Family

We evaluated the mRNA expression levels of HMG proteins in
breast cancer patients. This was performed using the gene
expression profiling interactive analysis 2 (GEPIA) platform
(http://gepia.cancer-pku.cn/) (15). Additionally, we performed
a differential expression analysis based on pathological stages,
considering a p-value of less than 0.01 significant. To confirm
the correlation between mRNA and protein levels, we analyzed
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HMG protein levels using the Human Protein Atlas database
(https://www.proteinatlas.org/). We assessed the prognostic
importance of HMG proteins using the Kaplan-Meier Plotter,
which integrates survival data from Gene Expression Omnibus,
European Genome-Phenome Archive, and the Cancer Genome
Atlas (TCGA) for 943 breast cancer patients (16). To analyze
overall survival (0S), progression-free survival (PFS), and post-
progression survival (PPS), we categorized samples into high-
and low-expression groups based on median expression levels. A
univariate Cox regression analysis was conducted, adjusting for
pathological grade, clinical stage, and TP53 mutation status. A
p-value <0.05 was considered statistically significant.

Genetic Alteration Frequencies of HMG Family Proteins

We used the cBioPortal (http://www.cbioportal.org) for in breast
cancer patients. This included selecting genomic profiles of
HMG family members, focusing on mutations, copy-number
alterations, and mRNA expression. The data obtained were used
for further analysis and research.

Functional Enrichment Analysis of the HMG Family

We conducted a cancer hallmarks enrichment analysis of HMG
genes linked to OS in human solid tumors. Additionally, we
performed biological enrichment analysis, specifically for gene
ontology (GO) terms and Reactome 2022 pathways, on HMG
family members using EnrichR (17-20). These approaches helped
us understand the role of HMG genes in biological processes.

Protein-Protein Interactions Analysis of HMG Family Members

To explore potential interactions among our genes of interest,
we used the search tool for the retrieval of interacting genes
(STRING) database (21). This tool identifies known and predicted
protein-protein interactions from various sources, including
experimental data and text mining. The gene list was input into
STRING, and a confidence score threshold of 0.4 was applied to
retain high-confidence interactions.

Gene Expression Analysis in Relation to p53 Mutation Status

We analyzed gene expression levels in relation to p53 mutation
status using the University of Alabama at Birmingham Cancer
Data Analysis Portal web tool (22, 23). This tool accesses gene
expression data from TCGA database, allowing stratification by
clinical and molecular characteristics, including tumor stage
and p53 mutation status. We examined the data for statistically
significant differences in expression levels between wild-type
and mutant p53 samples. Gene expression levels were reported
as transcripts per million (TPM) and visualized with box plots.

Ethical Statement

The data in this paper were sourced solely from an open-access
database. We did not collect data directly from patients or
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interfere with their treatment. Therefore, ethical approval was
not required for this study.

Results

HMG Proteins mRNA Expression Levels in Breast Cancer
Patients

We examined the mRNA levels of HMG proteins in breast cancer
patients. Our analysis using GEPIA revealed that the mRNA levels
of HMGA1, HMGB1, HMGB2, HMGB3, HMGN1, HMGN2, HMGN3,
and HMGN4 were significantly higher in breast cancer tissues
compared with normal breast tissues (Figure 1). In contrast,
HMGA2 exhibited moderate expression, while HMGB4 showed
very low expression in cancer tissues (Figure 1). Furthermore,
we investigated the expression of HMG proteins across different
stages of breast cancer. We found that the mRNA levels of
HMGA1, HMGB1, HMGB2, HMGB3, HMGN1, HMGN2, HMGN3,
and HMGN4 differed significantly across tumor stages. However,
the expression levels of HMGA2 and HMGB4 did not differ
significantly across these stages (Figure 2). This suggests that
certain HMG proteins may play distinct roles at different stages
of cancer progression.

Prognostic Significance of HVIG Proteins mRNA Expression
Levels

The prognostic value of HMG proteins’ mRNA levels in breast
cancer patients was assessed using the Kaplan-Meier plotter.
The results indicated that high mRNA levels of HMGA2, HMGBT,
HMGB2, HMGB4, HMGN2, and HMGN4 were associated with
better 0OS. Conversely, high levels of HMGA1, HMGB3, HMGN1,
and HMGN3 correlated with poorer OS (Figure 3). The statistical
analysis revealed significant differencesamong the HMGA, HMGB,
and HMGN groups, highlighting the prognostic importance of
these proteins. Additionally, high expression levels of HMGB1,
HMGB4, HMGA2, and HMGN3, or low expression levels of HMGAT,
HMGB2, HMGB3, HMGN1, HMGN2, and HMGN4, were correlated
with favorable PFS (Figure 4). Patients exhibiting high expression
levels of HMGB1 and HMGN2 showed favorable PPS. In contrast,
high levels of HMGA1, HMGA2, HMGB2, HMGB3, HMGB4,
HMGN1, HMGN3, and HMGN4 were associated with unfavorable
PPS (Figure 5). These findings underscore the potential of HMG
proteins as prognostic biomarkers in breast cancer.

The cancer hallmark overrepresentation table provided
valuable insights into the roles of specific genes in various
cancer hallmarks (Table 1). Among the hallmarks analyzed,
sustaining proliferative signaling showed a notable association
with HMGB1; however, the high p-value of 0.93429 indicates
that its contribution to this hallmark may not be statistically
significant. In contrast, genome instability presented a more
compelling association: HMGB1 involvement exhibited an odds
ratio of 3.01, suggesting a potential role in promoting genomic
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Figure 1. Differential mRNA expression patterns of HMG protein family members in BRCA tumor vs. normal tissue. Comparison
of MRNA expression levels for HMG protein family members in breast cancer patients from TCGA dataset (n = 1085 tumors vs. 291
normal samples). Asterisks (*) indicate statistically significant differences (p<0.05) in expression between tumor (T) and normal
(N) tissues. Proteins HMGA1/2, HMGB1—4, and HMGN1—4 demonstrate varied expression patterns across different HMG subgroups

HMG: High-mobility group,; BRCA: Breast cancer; TCGA: The Cancer Genome Atlas; HMGN: HMG nucleosome-binding; TPM: Transcripts per million
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Figure 2. Stage-specific mRNA expression patterns of HMG proteins in breast cancer progression. Box plots were generated to
compare HMG family mRNA expression across breast cancer progression stages (I-1V, X) in TCGA data, revealing stage-dependent
variations in HMGA1/2, HMGB1-4, and HMGN1—4 subgroups. Notable findings include that HMGN4 shows significant stage-
dependent expression (F = 3.41, p = 0.0088), whereas most members show non-significant trends (p>0.05)

HMG: High-mobility group, TCGA: The Cancer Genome Atlas; HMGN: HMG nucleosome-binding
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Figure 3. Survival analysis of HMG protein family mRNA expression in breast cancer patients. Kaplan-Meier survival analysis of
HMG family mRNA [log, (TPM+1)] in the TCGA breast cancer cohort (n = 1,878) identifies HMGN1 as a key prognostic marker (HR
=1.42, p = 0.00028), with non-significant trends for HMGA4 (p = 0.62) and HMGB2 (p = 0.32). Log-rank test applied; group sizes

shown

HMG: High-mobility group; TCGA: The Cancer Genome Atlas; HMGN: HMG nucleosome-binding; TPM: Transcripts per million; HR: Hazard ratio
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Figure 4. Prognostic impact of HMG family mRNA expression on breast cancer outcomes. Kaplan-Meier analysis of PFS among
2,465 TCGA breast cancer patients identifies divergent prognostic roles of HMG family members. HMGA1 and HMGN1 are
associated with favorable outcomes, whereas HMGN4, HMGB4, and HMGN3 are associated with poorer prognosis; HMGN4 shows
the strongest adverse prognostic effect. Non-significant trends are observed for HMGB2 and HMGA2

HMG: High-mobility group; TCGA: The Cancer Genome Atlas; HMGN: HMG nucleosome-binding, PFS: Progression-free survival
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alterations that could drive cancer progression. The hallmark
“evading growth suppressors” revealed notable interactions
with HMGA1, HMGA2, and HMGBT1, indicating that these genes
may collectively contribute to bypassing regulatory mechanisms
that typically inhibit cell proliferation. The odds ratio of 1.66
suggests a moderate association, reinforcing the idea that
these genes could play a synergistic role in tumorigenesis.
Sustained angiogenesis, critical for tumor growth, is associated
with HMGA2, which has an odds ratio of 2.82, suggesting its
significant involvement in promoting blood vessel formation
to support tumor nourishment. HMGA2 and HMGB1 have been
linked to the hallmark of tissue invasion and metastasis. Their
involvement suggests a potential mechanism by which cancer
cells invade surrounding tissues and spread to distant sites. The
hallmarks of evading immune destruction, tumor-promoting
inflammation, and resisting cell death did not significantly
overlap with the analyzed genes. This absence of association
suggests that these pathways may not be directly modulated by
the genes under investigation

Prognostic Roles of HMG Proteins in Patients with Different
Clinicopathological Features

This study examined the prognostic significance of HMG protein
levels in breast cancer patients with varying clinicopathological

HR = 1.28 (1.02- 1.62) | 2 ‘ \

features. We assessed the correlation of HMG protein expression
with tumor stage and TP53 mutation status. We specifically
investigated the expression levels of HMG proteins in relation
to p53 mutation status, comparing wild-type and mutant
p53 samples. Gene expression levels, quantified as TPM, were
visualized using box plots, as presented in Figure 6. Notably, HMG
proteins from all groups (HMGA, HMGB, and HMGN) exhibited
elevated expression levels in p53-mutant samples, whereas the
HMGB4 gene was not expressed. This suggests that HMG proteins
may have distinct roles based on p53 mutation status.

When stratified by cancer grade, the results showed (Table 2)
that elevated levels of HMGB2, HMGB4, and HMGN1 mRNA
were associated with better OS in patients with grade Il disease.
Conversely, high levels of HMGB4 and HMGN2 were linked to
better OS in patients with grade | and grade Il disease, while
HMGB1 was associated with poor survival in grade |. High
expression levels of all HMG proteins, except HMGB4, were
associated with poor OS in stage | patients. This highlights the
complexity of HMG protein roles in different cancer grades and
stages.

HMG Family Genetic Alterations in Breast Cancer Patients

We evaluated the genetic alterations in the HMG family in breast
cancer using cBioPortal. The frequency of gene alterations was
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Figure 5. Post-progression survival analysis of HMG protein family mRNA expression in breast cancer. Kaplan-Meier curves
showing post-progression survival outcomes stratified by mRNA expression levels of HMGA1/2, HMGB1—4, and HMGN1—4 in TCGA
breast cancer cohort. Significant associations were observed for HMGN4 (HR = 1.35, 95% Cl: 1.07-1.71, p = 0.011), HMGN2 (HR =
1.28, 95% Cl: 1.02-1.62, p = 0.035), and HMGB1 (HR = 1.44, 95% ClI: 1.14-1.82, p = 0.0019). Trends include HMGA4 (HR = 1.13,
p = 0.5), and HMGB3 shows a statistically non-significant association (HR = 1.16, p = 0.40). The analysis was performed using the
log-rank test with a median expression cut-off. Numbers at risk are shown for the low- and high-expression groups. Time scale:

0—200 months post-progression

HMG: High-mobility group; TCGA: The Cancer Genome Atlas; HMGN: HMG nucleosome-binding, HR: Hazard ratio; Cl: Confidence interval
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Table 1. HMG protein associations with cancer hallmark pathways
Cancer hallmark Overlap | p-value zfjj:lﬁgd 0Odds ratio E:IIIIrrr‘::rrII: vs. Genes
Sustaining proliferative signaling 1/3574 0.93429 | 0.93429 0.5 0.39 HMGB1
Genome instability 1/747 0.4001 0.70848 3.01 1.88 HMGB1
Evading growth suppressors 3/3288 0.38067 | 0.70848 1.66 1.28 HMGA2, HMGB1; HMGA1
Evading immune destruction 0/1 Nan 1.0 Nan 0.0 Nan
Sustained angiogenesis 1/796 0.42041 | 0.70848 2.82 1.77 HMGA2
Tissue invasion and metastasis 2/2318 0.47232 | 0.70848 1.61 1.21 HMGA2;, HMGB1
Tumor-promoting inflammation 0/1 Nan 1.0 Nan 0.0 Nan
Resisting cell death 1/1941 0.74997 | 0.89996 1.06 0.73 HMGAZ2
Reprogramming energy metabolism | 0/1 Nan 1.0 Nan 0.0 Nan
Replicative immortality 0/1 Nan 1.0 Nan 0.0 Nan
Comprehensive enrichment analysis reveals heterogeneous involvement of HMG proteins across cancer hallmarks, though none reach statistical significance after multiple
testing correction (FDR-adjusted p>0.7). The strongest raw associations were observed in evading growth suppressors (HMGA1/HMGA2/HMGBT; OR = 1.66) and tissue invasion
and metastasis (OR = 1.61), while genome instability (OR = 3.01) and sustained angiogenesis (OR = 2.82) exhibited elevated risk trends. Five hallmarks, including immune
evasion and metabolic reprogramming, showed no linkages to HMG genes
HMG: High-mobility group; FDR: False discovery rate; OR: Odds ratio

HMGA1

HMGB1 HMGB2

{
|

Transeript per million
¥

2
g

¥

Transcript per million
g

Transcript per million

g
1

HMGB4

3

Transcript per million

Transcript per million
8

...........

: i PI-{

HMGN1

]
£
A

&

Transcript per million
Transcript per million
g g

Transcript per million
1 T S—

-
-
3

+

|

TPSSNorthtare

]
{

Transcript per million
g 8
= -

i

L .
o |

Transcript per million

P =

TPt TP Narhsane Nermad
Y i, - ety meses e

L - Nomat TS TP Nt
-y e 2330 e tr a4) )

Figure 6. Differential expression patterns of HMG proteins by TP53 mutation status in breast cancer. Box plots comparing mRNA
expression levels [log, (TPM+1)] of HMGA1/2, HMGB1-4, and HMGN1—4 across normal breast tissue (n = 114), TP53-mutant (n =
334), and TP53-non-mutant (n = 698) tumors in TCGA cohort. HMGA1 (2.1-fold, mutant vs. non-mutant), HMGA2 (3.3-fold), and

HMGB2 (1.8-fold) show upregulation in TP53-mutant tumors

HMG: High-mobility group; TCGA: The Cancer Genome Atlas; HMGN: HMG nucleosome-binding, TPM: Transcripts per million

measured aslog valuesof the mutation count, rangingfrom1to 2.
It includes mutations, amplifications, deep deletions, structural
variants, and multiple alterations in TCGA datasets (Figure 7).
HMG genes exhibited a high frequency of amplification, followed
by mutations and deep deletions. Structural variants and
multiple alterations occurred less frequently. The percentages of
genetic alterations in specific HMG genes varied from <1.0% to
2.0% (e.g., HMGAT: 1.0%; HMGA2: 2.0%; HMGB1: 2.0%; HMGB2:
1.0%; HMGB3: 1.0%; HMGB4: <1.0%; HMGN1: 2.0%; HMGN2:
<1.0%; HMGN3: <1.0%; HMGN4: 1.0%), with amplification
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being the most common alteration observed (Figure 8). We also
assessed the prognostic roles of HMG in breast cancer patients
with or without alterations. However, no significant correlation
was found between the presence of alterations and OS or PFS in
breast cancer patients (p-values: 0.140 and 0.112, respectively).
Nonetheless, the wunaltered group showed a favorable
correlation with disease-free survival. The STRING database was
used to construct a network of HMGs and closely interacting
genes, demonstrating the intricate relationships between these
proteins (Figure 8).
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Table 2. Overall survival of breast cancer patients with
different clinicopathological features and secretoglobin
expression levels

.| Clinicopathological
Secretoglobin | features

family Cases | HR

p-value

Grades

| 113 117 0.547
HMGAT Il 243 1.07 0.529
1l 481 0.99 0.913

| 113 1.43 0.507
HMGAZ2 Il 243 1.25 0.371
1 481 0.82 0.197

| 113 0.98 0.965
HMGBT1 Il 243 0.80 0.380
1l 481 1.01 0.972

| 113 1.47 0.139
HMGB2 Il 243 1.27 0.030
1 481 1.06 0.539

| 113 0.97 0.948
HMGB3 Il 243 1.23 0.417
1l 481 0.91 0.516

| 113 0.38 0.093
HMGB4 Il 243 0.43 0.001
1 481 1.09 0.579

| 113 1.31 0.287
HMGN1 Il 243 1.21 0.085
1l 481 1.09 0.374

| 113 0.95 0.832

HMGN2 Il 243 1.03 0.776
1 481 0.80 0.016
| 113 0.87 0.583
HMGN3 Il 243 1.08 0.479

1l 481 0.92 0.391

| 113 0.99 0.959
HMGN4 Il 243 0.94 0.559
1 481 1.15 0.130

Survival analysis was used to evaluate the p-value. Bold font highlights the
statistical significance of the difference; HR: Hazard ratio; HMG: High mobility
group

Functional Enrichment Analysis of HMGs in Breast Cancer
Patients

We utilized EnrichR to conduct enrichment analyses for GO
Biological Process 2023, GO cellular component 2023, GO
molecular function 2023, and Reactome 2022 on HMGs.
The findings revealed that biological processes associated
with HMGs were enriched in several categories, including
protein-DNA  complexes, chromatin organization, DNA
conformation and topological changes, regulation of DNA
binding, V(D)] recombination, regulation of stem cell
proliferation, heterochromatin formation, and regulation
of DNA-templated transcription (Table 3). The GO cellular

component analysis indicated that HMGs primarily function
in the nucleus, membrane-bounded intracellular organelles,
and chromosomes, including heterochromatin and condensed
nuclear chromosomes (Table 3). Molecular function enrichment
analysis showed that HMGs are involved in DNA bending,
formation of secondary structures and four-way junctions, and
other critical processes.

The analysis found that the Reactome pathway associated with
HMGs was enriched for several processes, including apoptosis
induced DNA fragmentation, apoptotic execution phase,
DNA damage/telomere stress induced senescence, APOBEC3G
mediated resistance to human immunodeficiency virus type
1, two-long terminal repeat circle formation, programmed cell
death, and integration of provirus (Table 3). These findings
highlight the multifaceted roles of HMG proteins in breast
cancer biology.

Discussion and Conclusion

HMGA1 is a master regulator in the progression of triple-
negative breast cancer (TNBC), forming a complex with FOXM1 to
enhance transcriptional activity of genes such as VEGFA, which
promotes angiogenesis. Their co-expression correlates with
poor patient prognosis, suggesting that targeting the HMGA1/
FOXM1 interaction may be a viable therapeutic strategy (24).
Our results showed significantly elevated HMGAT mRNA levels
in breast cancer tissues compared to normal tissues, indicating
its potential role as an oncogene. Its association with poor 0S
in patients suggests that HMGA1 may contribute to tumor
aggressiveness and progression. The involvement of HMGAT1 in
evading growth suppressors highlights its potential mechanism
for bypassing regulatory pathways that typically inhibit cell
proliferation. Given its prominent role in tumorigenesis, HMGA1
may serve as a critical biomarker for aggressive breast cancer
phenotypes.

While HMGA2 exhibited moderate expression levels, its
association with favorable survival outcomes indicates a
complex role in breast cancer. The protein’s involvement in
sustained angiogenesis suggests it may facilitate tumor growth
by promoting blood vessel formation. A study shows that HMGA2
is overexpressed in breast cancer, promoting cell proliferation,
migration, and invasion while protecting against apoptosis. It
also contributes to the acquisition of cancer stem cell features,
suggesting that targeting HMGA2 may effectively impede breast
cancer progression (25). This duality in function, acting as a
promoter of angiogenesis while correlating with improved
survival, necessitates further research to clarify its role in
different tumor contexts and stages.

HMGB1 was significantly upregulated in breast cancer tissues and
was strongly associated with genomic instability, suggestinga role
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Figure 7. Genomic landscape of HMG protein family alterations in breast cancer. Analysis of 1,098 TCGA breast cancer patients
reveals low yet patterns of genetic alterations in HMG-family genes. HMGA1 (2%) and HMGB2 (1.5%) show the highest alteration
rates, and HMGA1 amplifications and HMGB3 deletions are the predominant copy-number changes. Structural variants in
HMGN2/3 are rare (<0.5%), while HMGA2 mutations co-occur with TP53 alterations. Data integration from the TCGA PanCancer
and GDC cohorts employs color-coded visualization (amplifications = red, deletions = blue) and platform-specific profiling
indicators (+/— symbols)
HMG: High-mobility group; TCGA: The Cancer Genome Atlas; HMGN: HMG nucleosome-binding; GDC: Genomic data commons; CNA: Copy number

alteration
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Figure 8. Protein interaction network of HMG family members in breast cancer biology. STRING analysis of HMG proteins
reveals three core modules: (1) immune regulation via HMGB1/2-TLRs (2/3/4/9) and interferon genes; (2) chromatin remodeling
through HMGA1/2-SMAD2-5/TP53 interactions; and (3) ribosome biogenesis linking HMGN1—4 to RPL/RPS proteins. Cross-cluster
connections include HMGA1-DNA repair (FENT/ERCC6) and HMGB4-cholesterol biosynthesis (HMGCR/FDPS)

HMG: High-mobility group;, HMGN: HMG nucleosome-binding, STRING: Search tool for the retrieval of interacting genes/proteins; TLRs: Toll-like
receptors; RPL/RPS: Ribosomal protein, large subunit/small subunit

Table 3. Gene ontology and pathways enrichment analysis of secretoglobin in breast cancer

Category

Term

p-value

g-value

‘ Overlap genes

GO biological process 2023

Protein-DNA complex organization

[HMGN4, HMGB2, HMGA2, HMGN2, HMGN3,

(GO: 00511071)

GOTERM_BP 1.172228e-13 | 2.215510e-11
- (GO: 0071824) HMGNT]

Chromatin organization

GOTERM_BP 8 1.098989¢-00 | 1.038544e-07 | LMGN4, HMGB2, HMGAZ, HMGN2, HMGNS,
(GO: 0006325) HMGN1]
DNA conformation change

GOTERM_BP 1.975326e-08 | 1.244455e-06 | [HMGB2, HMGB3, HMGBT]
(GO: 0071103)
DNA geometric change

GOTERM_BP 3.628342e-07 | 1.714392e-05 | [HMGB2, HMGB3, HMGB1]
(GO: 0032392)
Regulation of DNA binding

GOTERM_BP 1.538445e-06 | 5.815322e-05 | [HMGB2, HMGA2, HMGBT]

GO cellular component 2023

Nucleus

[HMGN4, HMGAT, HMGB2, HMGA2, HMGB,

(GO: 0000793)

GOTERM_CC (60: 0005634) 0.000011 0.000183 HMGN2, HMGN3, HMGB4, HMGNT]
Intracellular membrane-bounded organelle [HMGN4, HMGA1, HMGB2, HMGA2, HMGBT,
GOTERM_CC (60" 0043231) 0.000040 0.000318 HMGN2, HMGN3, HMGB4, HMGNT]
Chromosome
GOTERM_CC 0.000062 0.000332 [HMGB2, HMGA2, HMGB1]
(GO: 0005694)
Heterochromatin
GOTERM_CC 0.000261 0.001045 [HMGA1, HMGAZ2]
(GO: 0000792)
Condensed chromosome
GOTERM_CC 0.000392 0.001255 [HMGB2, HMGBT]
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Table 3. Continued

Category Term p-value g-value Overlap genes
Nuclear chromosome

GOTERM_CC 0.046507 0.106379 [HMGA2]
(GO: 0000228)

GO molecular function 2023

DNA binding, bending

[HMGA1, HMGB2, HMGA2, HMGB3, HMGB1,

GOTERM_MF 2.918490e-17 | 1.109026e-15
- (GO: 0008301) HMGBA4]

DNA secondary structure binding

GOTERM_MF 2.230118e-12 | 4.237225e-11 [HMGA1, HMGB2, HMGA2, HMGB3, HMGBT]
(GO: 0000217)
Four-way junction DNA binding

GOTERM_MF 5.022899e-08 | 4.771754e-07 | [HMGB2, HMGB3, HMGBT]
(GO: 0000400)
Supercoiled DNA binding

GOTERM_MF 2.248131e-06 | 1.708580e-05 | [HMGB2, HMGB1]

(GO: 0097100)

Reactome pathway 2022

Apoptosis induced DNA fragmentation

Reactome-2022 0.000017 0.000869 [HMGB2, HMGB1]
R-HSA-140342
Formation of senescence-associated

Reactome-2022 | heterochromatin foci 0.000030 0.000869 [HMGA1, HMGAZ2]
R-HSA-2559584
Apoptotic execution phase

Reactome-2022 0.000294 0.005594 [HMGB2, HMGB1]
R-HSA-75153
DNA damage/telomere stress induced

Reactome-2022 | senescence 0.000405 0.005776 [HMGA1, HMGAZ2]
R-HSA-2559586
Cellular senescence

Reactome-2022 0.002915 0.027539 [HMGA1, HMGAZ2]

R-HSA-2559583

GO: Gene ontology; GOTERM: Gene ontology term; BP: Biological process; CC: Cellular component; MF: Molecular function

in promoting genomic alterations that drive cancer progression.
Notably, high levels of HMGB1 were linked to better overall
and PFS, indicating its potential as a protective factor in breast
cancer. HMGB1 enhances breast cancer metastasis by activating
fibroblasts through the receptor for advanced glycation end
products/aerobic glycolysis pathway. High HMGB1 expression in
migratory cancer cells leads to increased fibroblast activation,
which subsequently promotes tumor cell metastasis (26). Its
involvement in evading growth suppressors further emphasizes
its critical role in tumor biology, making it a promising candidate
for therapeutic targeting.

HMGB?2 is overexpressed in breast cancer tissues and correlates
with larger tumor size and advanced stage. Its expression serves
as an independent prognostic factor, promoting tumor growth
and aerobic glycolysis by regulating lactate dehydrogenase B
and fructose-1,6-bisphosphatase 1 (27). Findings show that the
expression of HMGB2 is significantly higher in breast cancer
tissues, and it is associated with favorable survival outcomes
in certain tumor grades. Its role in chromatin organization
and DNA binding suggests that HMGB2 may influence gene
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expression patterns critical for tumor development. The complex
relationship between HMGB2 expression and patient survival
underscores the need for further investigation into its functional
mechanisms in breast cancer.

Similar to HMGB1 and HMGB2, HMGB3 was found to be
upregulated in breast cancer tissues. However, its association with
poor OS indicates that it may contribute to tumor progression.
The role of HMGB3 in chromatin dynamics and gene regulation
positions it as a key player in the molecular landscape of breast
cancer. HMGB3 expression correlates positively with aggressive
cancer features and negatively with hormone receptor status.
Knockdown of HMGB3 promotes cancer cell proliferation and
enhances sensitivity to chemotherapy (28). Understanding
its specific contributions to tumor biology could reveal novel
therapeutic strategies.

HMGB4 was expressed at very low levels in breast cancer tissues,
yet its expression was associated with improved survival in
certain patient subsets. This suggests that HMGB4 might have
a protective role in early-stage disease. The lack of significant
expression in advanced tumors indicates that it may not be a
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primary driver of tumorigenesis but could still provide insights
into tumor biology and patient prognosis.

HMGN1 expression was significantly elevated in breast cancer
tissues and was associated with poorer 0OS. Its role in chromatin
remodeling and transcriptional regulation suggests that HMGN1
may facilitate oncogenic processes. The association with unfavorable
survival outcomes highlights the need for further exploration of its
functional mechanisms and its potential as a therapeutic target.
Previous studies have shown that HMGN1 regulates chromatin
structure and tumour immunityto more than 147 proteins.
These reported changes include effects on histone activity, stress
pathways, and immune responses (29). The study shows HMGN1’s
critical role in cancer cell function and suggests potential avenues
for therapeutic exploration based on proteomic analysis.

HMGN2 significantly inhibits proliferation and migration of
Michigan Cancer Foundation-7 breast cancer cells and promotes
apoptosis. In vivo studies using a mouse model demonstrated
that administration of HMGN2 reduced tumor growth and
increased apoptotic cell counts (30). Our findings show that
increased expression of HMGN2 in breast cancer was associated
with favorable survival outcomes in specific tumor grades.
Its involvement in chromatin structure and transcriptional
regulation positions it as a potential modulator of gene
expression in cancer. The contrasting survival associations
indicate that HMGN2 may play context-dependent roles in tumor
biology.

HMGN3 was found to have elevated expression levels in breast
cancer tissues, correlating with poor OS. Its role in chromatin
dynamics suggests that it may influence gene expression patterns
critical for tumor progression. The association with unfavorable
survival outcomes emphasizes the need for further research
to elucidate its precise role in breast cancer biology. HMGN3
has not been directly studied in breast cancer but has been
highlighted for its role in CCA. It shows increased expression in
CCA compared to hepatocellular carcinoma, suggesting both its
potential as a diagnostic marker for CCA and its involvement
in tumor invasion, which is influenced by transforming growth
factor beta signaling (31).

HMGN4 is highly expressed in TNBC and regulates cell
proliferation both in vitro and in vivo. It interacts with the signal
transducer and activator of transcription 3 (STAT3) pathway,
forming a feedback loop that promotes TNBC cell growth (32).
Our study reported that HMGN4 exhibited increased expression
in breast cancer tissues, but HMGN4 expression did not show
a clear correlation with survival outcomes. Its involvement in
chromatin organization and DNA binding indicates that it may
regulate gene expression. Further studies are needed to clarify
its functional significance in breast cancer and its potential as a
prognostic marker.

This study highlights the diverse roles of HMG proteins (HMGA,
HMGB, and HMGN) in breast cancer biology and prognosis.
HMGA1 correlates with poor survival, underscoring its potential
as a therapeutic target. HMGA2, despite being associated
with favourable outcomes, promotes angiogenesis and
tumour progression, reflecting its complex dual role. HMGB1
appears protective, as it is linked to improved survival, yet it
simultaneously facilitates metastasis, whereas HMGB2 and
HMGB3 are associated with aggressive disease features. HMGB4,
expressed at low levels, may confer benefits in early-stage
tumours. Among HMGN proteins, elevation of HMGN1 predicts
poor prognosis, suggesting therapeutic relevance, whereas
HMGN2 demonstrates anti-proliferative and pro-apoptotic
effects. HMGN3 may contribute to progression, and HMGN4,
highly expressed in TNBC, interacts with STAT3 signalling,
though; its prognostic impact remains unclear. Collectively,
these findings emphasize the translational potential of HMG
proteins as biomarker panels for prognostic stratification and
as therapeutic targets for pathway-specific interventions. Future
validation through multi-cohort studies, functional assays, and
clinical trials will be essential to establish their clinical utility and
advance precision oncology in breast cancer.
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ABSTRACT

Objective: Breast cancer is the most common malignancy among women in Dubai, yet the economic burden of its treatment remains
understudied. This study aimed to estimate the direct medical costs of breast cancer care in Dubai in 2024 and to examine variations by
encounter type, comorbidity burden, and provider setting.

Materials and Methods: A retrospective cross-sectional analysis of insurance claims was conducted for January-December 2024. Breast cancer
cases were identified using International Classification of Diseases, 10" revision, clinical modification codes, and comorbidity burden was
assessed using the Charlson comorbidity index (CCI). Costs were analyzed by encounter type (outpatient, inpatient, day case) and by provider
setting (clinic/center versus hospital). A Tweedie generalized linear model was applied to evaluate the effect of comorbidities and service
characteristics on costs.

Results: A total of 8,967 patients (mean age 51.8 years) with 81,248 claims were identified. Outpatient visits constituted 86% of encounters and
accounted for 81% of total expenditure (USD 48.7M). Inpatient admissions accounted for 6% of encounters and had the highest mean cost per
patient (USD 10,808). The total expenditure was USD 60.0M. Costs increased significantly with comorbidity severity: patients with CCl >5 incurred
6.4-fold higher costs compared to those without comorbidities (p<0.0001). Hospital-based care increased costs by 16%, and pharmacy claims
contributed an additional 31% to expenditures.

Conclusion: Breast cancer treatment in Dubai imposes a substantial economic burden, largely driven by outpatient services, hospital-based
care, and medication costs. Comorbidity significantly increases expenditures. These findings highlight the importance of integrated, risk-
stratified care pathways and sustainable strategies to optimize resource allocation for breast cancer management in the United Arab Emirates.
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KEY POINTS

* Breast cancer is the most common malignancy among women globally and in the United Arab Emirates. While costs have been studied in high-income
countries, there is limited evidence on the economic burden in Dubai, particularly with respect to comorbidity burden and healthcare setting.

This study provides the first comprehensive claims-based cost analysis of breast cancer in Dubai. Outpatient services accounted for most spending, but

inpatient admissions and higher Charlson comorbidity index scores substantially increased per-patient costs, with severe comorbidities increasing costs more
than sixfold. The findings highlight the importance of risk-stratified integrated care pathways and pharmaceutical cost management. They provide evidence to
policymakers and insurers in Dubai to support the design of sustainable oncology financing, the prioritization of outpatient management where feasible, and

the implementation of value-based purchasing strategies.

Introduction

Breast cancer is the most frequently diagnosed cancer among
women worldwide (1). Nearly one in four cancer diagnoses is
breast cancer. In 2020, there were 2.3 million global incidents
and 685,000 deaths as a result (2). Early detection, screening
programs, and newer treatment options have led to improved
overall outcomes, particularly in earlier stages of treatment, where
these improvements are most evident (3, 4). Despite improved
outcomes, breast cancer continues to have a significant clinical
and economic impact on healthcare systems globally (5, 6).

The economic burden of breast cancer has been examined
thoroughly in high-income countries, where direct medical costs
are estimated to be in the billions and are highly influenced by
stage at diagnosis, comorbidity burden, age cohort, and type of
services utilized (7-9). Economic evaluations are instrumental
in guiding healthcare policy decisions, promoting equitable
access to care, and ensuring the sustainability of breast cancer
care (5). In general, inpatient admissions and targeted therapy
have been repeatedly examined as major cost drivers, although
the age cohorts demonstrate different cost distributions due
to comorbidity profiles and treatment strategies (10-12). In
particular, comorbidities significantly increase the economic
burden of breast cancer treatment, resulting in higher
healthcare costs for patients (13). For instance, researchers have
shown that after adjusting for comorbid conditions, the annual
difference in total healthcare cost for recently diagnosed breast
cancer patients can be substantial, reaching tens of thousands of
dollars per patient (14).

Across the Middle East and North Africa, breast cancer accounts
for a considerable proportion of cancer diagnoses among
females, often occurring at younger ages and at more advanced
stages than in Western populations (15, 16). Specifically, in the
United Arab Emirates (UAE), breast cancer is the most common
malignancy among women, accounting for approximately 38%
of all cancers in women (17).

Some published studies on the incidence and treatment
modalities of breast cancer can be found in the UAE (18-20).
However, literature detailing the economic burden of breast
cancer on the healthcare systems in Dubai, UAE, regarding service
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type, comorbidity burden, and age cohort cannot be found. This
knowledge gap limits the ability of health policymakers and
private-sector insurers to understand the economic burden
of breast cancer and to develop financing models that are
sustainable and that effectively allocate resources within Dubai’s
health care system.

Inoureffortstofill thisgap, the present study utilized retrospective
claims data from Dubai to estimate the direct medical costs of
breast cancer for 2024. Costs were examined by type of service
(outpatient, day-case, and inpatient care) and by comorbidity,
assessed using the Charlson comorbidity index (CCl). The results
will provide policymakers, insurers, and healthcare providers
with important information regarding the economic burden of
breast cancer in Dubai, and will contribute to evidence-based
planning and cost-effective care delivery.

Materials and Methods
Study Design

A cross-sectional retrospective study was conducted using
eClaimLink, the electronic platform that records all claim
transactions under Dubai-based health insurance policies. This
system contains information on the services utilized, the type
of healthcare facility where services were delivered, and the
associated costs.

All claims related to breast cancer patients, identified by
International Classification of Diseases 10" revision (ICD-10),
clinical modification codes as the primary diagnosis, were
extracted for the period from January to December 2024 using
structured query language. The dataset contained information
on length of stay (LOS), comorbid conditions, encounter type,
services rendered, provider setting (clinic, center, pharmacy, or
hospital), net claimed amounts, and demographic variables,
such as age. Data on breast cancer stage were not available;
therefore, costs could not be analyzed according to disease stage.

Clinical factors, including comorbidities given their influence on
medical expenditures, were measured using ICD-10 codes.

Comorbidity burden was assessed using the CCI. The CCl is a
validated measure that lists 23 chronic conditions (plus others)
and directly indicates those conditions (21). Based on the CCl
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score, the severity of comorbidity was categorized into three
grades: mild, with CCl scores of 1-2; moderate, with CCl scores
of 3—4; and severe, with CCl scores >5. The CCl assigned weights
to secondary medical conditions, and the score was calculated.
The two analytical scenarios were applied: a base scenario in
which the CCl was calculated excluding “any malignancy” and
“any metastatic solid tumor,” thereby isolating the effect of
non-cancer comorbidities. An alternative scenario is when CCl
is calculated to include malignancy and metastasis, reflecting
the full disease burden when cancer-related conditions are
incorporated. This dual specification enabled a comparison of
how comorbidity influenced costs, depending on whether cancer
itself was included in the index.

Variables

Data on the sociodemographic variables were missing, and only
patient age was obtained directly from the records. An outpatient
encounter was defined as a visit to a healthcare facility for
diagnosis or treatment that did not result in admission. An
inpatient encounter was defined as an admission involving at
least one overnight stay in the healthcare facility (22). A day-case
encounter was defined as an admission in which the patient
received care and was discharged on the same day without an
overnight stay (23).

The primary outcome was the direct medical cost of breast
cancer care, calculated as the net claimed amount submitted
to insurers for claims in which breast cancer was recorded
only as the primary diagnosis. Independent variables included
comorbidity status (CCl score), encounter type (outpatient,
day case, inpatient), and provider type (clinic/center, hospital,
pharmacy). To define the cost of care related to breast cancer
treatment, inpatient visit costs were identified by searching for
hospitalizations with ICD-10 codes C50.0—C50.9 (24).

To calculate the average cost, we measured the total annual
healthcare spending for each eligible patient on breast cancer-
related services, including inpatient admissions, day case and
outpatient visits, and medications. All costs were converted from
UAE Dirhams (AED) to US$ using the official US dollar conversion
rate (1 US dollar = 3.673 AED).

Statistical Analysis

Data cleaning and analysis were performed using R software.
Descriptive statistics were first calculated, including the total cost
of breast cancer treatment, the average cost per patient per year,
with standard deviation (SD), and the percentage distribution of
costs by type of admission. Treatment costs were also stratified
by comorbidity status (presence vs. absence of comorbidity).

To account for the highly skewed and zero-inflated pattern of
cost data, regression analysis was performed using a Tweedie

generalized linear model (25, 26) with a log link function. The
baseline category was defined as patients with no comorbidity
(CCl = 0) who were receiving outpatient care at clinics or centers.
The model predictors included CCl score, type of encounter
(reference: outpatient), provider type (reference: clinic/center),
and selected interaction effects between encounter type and
provider type. We did not include age in the primary specification
because age was inconsistently recorded at the claim level in
our data extract, which risked introducing measurement error;
furthermore, age and CCl were strongly correlated in our cohort,
and exploratory models suggested that including both led to
instability and counterintuitive signs without improving model
fit. All tests were two-sided, with a p-value<0.05 indicating
statistical significance.

Ethical standards were applied throughout thisstudy as per Dubai
Health Authority guidelines and regulations. The Dubai Scientific
Research Ethics Committee at the Dubai Health Authority waived
ethical approval in such cases because the study used secondary
data and did not involve human participants.

Results

A total of 8,967 breast cancer patients were included, with a
mean age of 51.8 years (SD: 8.6).The majority (88%) were aged
40-64 years. A total of 81,248 claims were recorded, with 43%
of patients having more than five claims. Most encounters
were outpatient (86%), followed by day-case (8%) and inpatient
admissions (6%). The CCl was 0 in 92% of patients, 1-2 in 0.4%,
3—4in 5%, and >5 in 0.1%. Overall, 694 patients had one or more
comorbidities (excluding any malignancy or metastasis); the most
common were hypertension (98%) and diabetes (77%) (Table 1).

The total direct medical expenditure for breast cancer patients
in Dubai in 2024 amounted to USD 60.0 million. Outpatient
encounters accounted for the majority of spending (USD 48.7
million; 81%), with a mean annual cost per patient of USD 5,520
(SD: 13,884). Inpatient encounters contributed USD 6.3 million
(11%), with an annual mean cost of USD 10,808 (SD: 14,243),
representing the highest average cost across encounter types.
Day-case encounters accounted for USD 5.0 million (8%), with an
annual mean cost of USD 5,696 (SD: 10,662) (Table 2).

In analyses stratified by comorbidity, cost patterns differed
depending on how the CCl was specified. Under the base
scenario (CCl excluding “any malignancy” and “metastasis’),
mean costs were modestly higher in patients with non-cancer
comorbidities, and differences were statistically significant for
outpatient care (USD 7,604 vs. USD 5,345; p = 0.0003) but not for
inpatient care (USD 15,906 vs. USD 10,236; p = 0.283) or day case
encounters (USD 5,097 vs. USD 5,764; p = 0.514). In contrast,
under the alternative scenario (CCl including “any malignancy”
and “metastasis”), the comorbidity group accounted for virtually
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Table 1. Summary statistics for breast cancer patients in
Dubai, 2024
Variables Patients

n %
Overall study population 8,967
Age in years (mean + SD) 51.8+8.6
18-39 664 7%
4064 7,877 88%
65+ 427 5%
Categorize by claim count
Claim count of 1 2,235 25%
2103 1,870 21%
4105 1,034 12%
>5 3,828 43%
Categorize by encounter type
Outpatient 8,819 86%
Inpatient 585 6%
Day case 880 8%
Baseline risk score-CClI'
0 8,273 92%
1-2 652 7%
34 37 0.4%
5+ 5 0.1%
Comorbidities
Yes 694
cvp? 22 3.2%
Renal disease 31 4%
Rheumatic disease 35 5%
CHP? 43 6%
Asthma 60 9%
COPD* 71 10%
Diabetes uncomplicated 312 45%
Diabetes complicated 225 32%
Hypertension 683 98%
Metastasis
Yes 1,325 15%
" Charlson comorbidity index; % Cardiovascular disease; *: Congestive heart
failure; *: Chronic obstructive pulmonary disease; SD: Standard deviation

all expenditure and exhibited consistently higher mean costs
across settings: outpatient (USD 5,895 vs. USD 885; p<0.0001),
inpatient (USD 10,928 vs. USD 7,720; p = 0.0012), and day case
(USD 5,721 vs. USD 4,240; p = 0.0205). These findings indicate
that when cancer-related disease burden is incorporated into
the comorbidity construct, the incremental cost associated
with comorbidity becomes substantial and statistically robust
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across all encounter types, with the largest absolute difference
observed in outpatient care (Table 3).

To examine the role of comorbidity severity, patients were
classified into three CCl groups (1-2, 3—4, and >5) and costs
were compared across encounter types under both scenarios
(Table 4). The analysis revealed a progressive increase in costs
across encounter types in both scenarios, though the strength
of association varied. In base scenario, cost tended to rise with
higher CCl, butstatistically significance was limited particularly for
the >5 group, where small numbers constrained interpretation.
In contrast, the alternative scenario demonstrated a clear and
statistically robust gradient. Outpatient costs increased from
USD 4,215 (CCl: 1-2) to USD 5,823 (CCl: 3—4) and USD 14,000
(CCI =5; p<0.005). Inpatient mean costs followed a similar
pattern (USD 10,020 to 8,424 to 13,744; p = 0.02 from 3—4 vs.
>5), while day case costs rose from USD 4,913 to USD 3,943
and USD 7,331 respectively (p = 0.003 from 3-4 vs. >5). These
findings underscore the substantial cost burden associated with
advanced comorbidities when cancer-related conditions are
included in the index.

To address the weaker significance in the base scenario and to
more precisely estimate the independent effects of comorbidity,
we performed multivariable regression (Table 5).

The regression analysis identified several factors with significant
multiplicative effects on breast cancer treatment costs (Table
5). When using outpatient at clinic/center with CCl = 0 as the
reference, a graded association between non-cancer comorbidity
and higher spending was observed.

Compared with CCl = 0, CCl 1-2 was associated with a 16%
increase in costs [ratio: 1.16; 95% confidence interval (Cl): 1.00—
1.34; p = 0.03], while CCl 3—4 was directionally higher, but not
statistically significant (ratio: 1.46; 95% Cl: 0.88-2.44; p = 0.141).
Patients with CCl =5 experienced a marked rise—approximately
6.45-fold higher costs (ratio: 6.44; 95% Cl: 2.62—15.84; p<0.0001).

Relative to the reference encounter, day case care was associated
with a 57% increase in costs (ratio: 1.57; 95% Cl: 1.33-1.84;
p<0.0001) and inpatient care was associated with nearly a
threefold increase (ratio: 2.90; 95% Cl: 2.44-3.45; p<0.0001).

By provider setting, care delivered in hospitals was associated
with 16% higher costs (ratio: 1.158; 95% Cl: 1.030-1.302; p =
0.014) and pharmacy claims were associated with 31% higher
costs (ratio: 1.311; 95% Cl: 1.146—1.499; p<0.0001) compared
with clinic/center. The model’s baseline mean cost was 3,142
USD (95% CI: 2,830-3,489).

These regression estimates are further visualized in Figure 1,
which provides a graphical representation of the multiplicative
effects and their confidence intervals.
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Table 2. Distribution of breast cancer treatment costs by encounter type in Dubai, 2024

Encounter type n Total (USD) Mean (USD) SD %
Outpatient (8819) 48,683,546 5,520 13,884 81%
Inpatient (585) 6,322,425 10,808 14,243 11%
Day case (880) 5,012,297 5,696 10,662 8%

N: Number of breast cancer patients; Mean: Annual mean treatment cost per patient in US dollars (USD); SD: Standard deviation. Percentages represent each encounter type’s
share of total annual breast cancer treatment expenditure

Table 3. Distribution of breast cancer treatment cost by presence of comorbidity in Dubai, 2024

Base scenario-CCl excludes any malignancy and metastasis

Comorbidity-no Comorbidity-yes
Encounter type | n Total (USD) Mean (USD) | SD n Total (USD) | Mean (USD)  SD p-value
Out-patient (8,134) 43475096 5345 13,700 | (685) 5,208,450 7,604 15,767 | 0.0003
In-patient (526) 5,383,943 10,236 6,659 (59) 938,483 15,906 40,148 0.283
Day case (790) 4,553,610 5,764 10,842 (90) 458,687 5,097 8,956 0.514
Alternative scenario-CCl includes any malignancy and metastasis

Comorbidity-no Comorbidity-yes
Encounter type | n Total (USD) Mean (USD) SD n Total (USD) Mean (USD) | SD p-value
Out-patient (659) 583,370 885 2,816 (8,160) | 48,100,176 5,895 14,346 <0.0001
In-patient (22) 169,837 7,720 3,394 (563) 6,152,589 10,928 14,491 0.0012
Day case (15) 63,600 4,240 1,889 (865) 4,948,697 5,721 10,750 0.0205

N: Number of breast cancer patients; Mean: Annual mean treatment cost per patient; SD: Standard deviation; CCl: Charlson comorbidity index. The “base scenario” defines
comorbidity using CClI scores that exclude “any malignancy” and “metastasis,” whereas the “alternative scenario” includes these conditions. p-values correspond to two-sided
tests comparing the mean annual treatment costs between patients with and without comorbidity within each encounter type (Statistical significance was defined as p<0.05)

Table 4. Distribution of breast cancer treatment cost according to Charlson’s comorbidity index classification

Base scenario-CCl excludes any malignancy and metastasis

Charlson index 1-2 Charlson index 3—4 Charlson index >5
Encounter Total Mean . n Total Mean . n Total Mean p-value
type (UsD) (UsD) (UsD) (UsD) (UsD) (UsD)
Out-patient | (646) | 4,900,559 | 7,586 | 15943 | (35) | 307,058 8,773 | 13,100 | (4) 833 208 216 0.0005°
In-patient (54) 529,353 9,803 | 5733 | (4) 94,347 23,587 | 7,562 | (1) 314,783 314,783 | - 0.0328"
Daycase | (84) | 429,620 5115 9,168 | (5) 27,682 5536 | 6079 (1) 1,384 1384 | - 0.8900°<
Alternative scenario-CCl includes any malignancy and metastasis

Charlson index 1-2 Charlson index 3—4 Charlson index >5
Encounter Total Mean .. n Total Mean . n Total Mean p-value
type (USD) (USD) (USD) (USD) (USD) (USD)
Out-patient | (6385) | 26,913,622 | 4,215 | 10,178 @ (448) | 2,608,921 | 5823 | 13,116 (1327) 18,577,633 | 14,000 | 25,106 | <0.005
In-patient (380) | 3,807,616 10,020 | 5,500 | (32) | 269,577 8,424 | 4,884 | (151) | 2,075,396 13,744 | 26,344 | 0.020¢
Daycase  (510) | 2,505499 | 4913 | 9,664 | (47) 185331 3943 5731 (308) 2,257,867 | 7,331 | 12,700 | 0.003

N: Number of breast cancer patients; Mean: Annual mean treatment cost per patient; SD: Standard deviation; CCl: Charlson comorbidity index. CCl categories are presented
as 1-2, 34, and >5.

p-value column:
2 p-value from an overall comparison of mean annual costs across the three CCl categories (1-2, 3—4, >5) within the encounter type and scenario.
b p-value from a pairwise comparison between CCl 1-2 and CCl 3—4; the CCI 5 category (n<2) was excluded from this test.

< In rows where CCl >5 has n<2, estimates should be interpreted with caution due to sparse data.

d: p-value from a pairwise comparison between CCl 3—4 and CCl >5. (Statistical significance was defined as p<0.05)
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Table 5. Generalized linear regression analysis of the predictors of costs of treatment in patients with breast cancer, Dubai
Variable Cost ratio 95% Cl p-value

Intercept 3142 2830-3489 <0.0001

CCl band (no cancer items)

CCl band 1-2 1.16 1.00-1.34 0.0373

CCl band 34 1.46 0.88-2.44 0.1405

CCl band >5 6.44 2.62-15.84 <0.0001

Encounter type

Day case 1.57 1.33-1.84 <0.0001

Inpatient 2.90 2.45-3.45 <0.0001

Provider type

Hospital 1.16 1.03-1.30 0.0143

Pharmacy 1.31 1.14-1.49 <0.0001

Cost ratios are exponentiated coefficients from a Tweedie generalized linear model with a log link, where the dependent variable is total annual breast cancer treatment
cost (USD). For each categorical predictor, the reported cost ratios compare the listed category with its reference group: CCl = 0 (no comorbidity); outpatient encounter =
clinic/center; and provider type = clinic/center. CCl: Charlson comorbidity index, constructed here by excluding “any malignancy” and “metastasis” to isolate non-cancer
comorbidity. CI: Confidence interval. The p-values are from two-sided Wald tests of the null hypothesis that the cost ratio equals 1.00 (Statistical significance was defined as
p<0.05)

Tweedie GLM (log link): Cost ratios (95% Cl)
ccl1-2 —o—

CCl 3-4 —
CCl =5
Encounter: Daycase
Encounter: Inpatient

Provider: Hospital

Provider: Pharmacy i ; i 7 ]
0.5% 1x 2% 3% 5% 10x 20x%
Cost ratio (fold change vs baseline)

Figure 1. Forest plot of multiplicative effects on breast
cancer treatment costs, Dubai, 2024

CCl: Charlson comorbidity index; Cl: Confidence interval;, GLM:
Generalized linear model

Discussion and Conclusion

This research presents what is reportedly among the first
comprehensive examinations of breast cancer treatment costs in
Dubai, yielding some important findings. The analysis of claims
revealed considerable heterogeneity in service use, with almost
50% of patients having incurred more than five claims and one-
quarter having incurred only a single claim. This heterogeneity
likely reflects variations in treatment intensity, follow-up
regimen, and complications related to the disease, and supports
the impression that a small proportion of patients account for a
large share of the total use of services. Such patterns highlight
the value of developing strategies that focus on high-user groups
to limit costs, as they will account for the largest share of overall
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system utilization costs. Consistent with our findings, researchers
from the UAE reported variability in healthcare utilization
patterns in Dubai (27) especially during the pandemic. With
potentially significant economic implications, cost analyses
are important for assessing breast cancer interventions and
informing healthcare practice and policy.

According to the present findings, comorbidity significantly
affects the cost of treating breast cancer in Dubai. In the base
scenario, excluding malignancy and metastasis, the annual
mean outpatient cost for patients with comorbidity was USD
7,604 (versus USD 5,345 in patients without comorbidity, p =
0.0003), and the mean inpatient and day case costs did not
differ between patients with and without comorbidity. When
malignancy and metastasis were added to the data from the CCl,
the cost difference was significant across all types of encounters.
In regression modeling, patients in the highest severity category
(Cal =5) experienced 6.4 times increased cost compared to
patients without comorbidity. The gradient effect illustrates
the burden of coexisting cancer and related chronic diseases,
which require more complex and intensive management. This
is consistent with prior evidence from international studies
that have reported that higher CCl scores are associated with
increased hospitalizations, longer LOS, and increased overall
costs of cancer care (28-31). These findings reinforce the
methodological value of systematically including comorbidity
in cost-effectiveness studies of breast cancer. Prior studies have
shown that cost estimates differ considerably depending on
comorbidity specifications, particularly when cancer-related
conditions are included and classified using the CCl (32-34).
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Overall, these findings provide additional support for viewing
comorbidity as more than a clinical predictor of outcomes, rather
as an essential contributing factor to an increased economic
burden in cancer populations.

The location of care had a significant effect on breast cancer costs
in Dubai. Most services were provided in outpatient encounters
(86% of all claims, representing USD 48.7 million, or 81% of
total costs), with an annual mean cost of care of USD 5,520 per
patient. Inpatient admissions comprised only 6% of encounters
but accounted for a large share of total costs, with a mean cost
per patient of USD 10,808, almost double that of outpatient
or day-case care. According to the multivariable regression
analysis of costs in this sample, inpatient care was associated
with a threefold increase in costs crude ratio (CR): 2.90, 95% Cl:
2.45-3.45], and day-case services were associated with a 57%
increase in costs (CR: 1.56, 95% Cl: 1.33—1.84). When care was
provided in a hospital, compared with care in a clinic or featured
center, there was a 16% increased cost burden. These patterns
were more common among patients with comorbidities, as they
were managed in the hospital more often because of greater
clinical complexity and a higher need for multidisciplinary
interventions; some patients also required monitoring. Previous
research has reported a similar finding among breast cancer
patients: those with greater CCl scores incur disproportionately
high hospital-based healthcare expenditure, largely because of
longer inpatient stays, more complications, and an increased
need for specialist services (29, 35). On the other hand, patients
with low or no comorbidities had more frequent outpatient or
ambulatory care visits and significantly lower costs per episode
of care. This dual effect—in which comorbidity increases overall
economic burden and drives care toward more costly hospital
encounters—has also been reflected in other health system
assessments (36, 37). This highlights the need for risk-stratified
care pathways that incorporate comorbidity status into clinical
decision-making, thereby allowing patients with multimorbidity
to transition safely into a low-cost outpatient environment
without compromising quality of care.

The current results revealed that the cost of medications was
a significant driver of overall treatment costs in breast cancer
care in Dubai. Pharmacy (medication claims) was independently
associated with a 31% increase in overall costs (ratio: 1.31; 95% Cl:
1.15-1.49), indicating the substantial contribution of medications
to the economic burden of treatment. Patients with higher CCl
scores were particularly affected because they were more likely
to need antihypertensives, antidiabetics, and cardioprotective
drugs to treat chronic conditions such as hypertension, diabetes,
and cardiovascular disease, in addition to oncologic therapy.
Overall, the combined effect associated with the need for dual
treatment resulted in substantial increases in medication costs.
These findings align with international evidence demonstrating

that breast cancer patients with multimorbidity require
substantially greater volumes of supportive medication addition
to standard cancer therapies, such as endocrine treatments
and targeted biologics (28-30, 38, 39). This dual challenge of
oncology and non-oncology prescriptions not only does it create
increased direct medical costs but it also complicates the long-
term cost-sharing burden between patients and health systems.
These findings highlight the need for holistic strategies in
managing pharmaceutical costs that account for interactions
among medications prescribed for comorbidities and for cancer
management. Incorporating comorbidity status into these
approaches may provide an additional targeted method to
facilitate access to needed therapies in multimorbid populations
with breast cancer.

The greatest strength of this study is the use of a comprehensive
claims database, which enables the study to include the fully
insured population of breast cancer patients in Dubai. This
provides a comprehensive view of the patients’ healthcare
interactions. Therefore, we can explore the cost drivers in detail
through medical encounters, care settings, and comorbidities,
and link possible cost drivers within one large, real-world patient
group. The dual specification of the CCl is also a strength, as
it allows for evaluation of both non-cancer and all-inclusive
comorbidity burdens, thereby providing methodological
contributions that enhance the interpretability of cost variation.
The use of a Tweedie generalized linear model strengthened the
analysis by appropriately modeling the skewed distribution of
the cost data, thereby improving estimates.

Study Limitations

However, some limitations need to be recognized. The lack of
clinical information, including tumor stage, tumor biology, or
treatment intent, made it difficult to categorize costs by disease
severity or specific treatment pathway. Because diagnostic
codes are used to capture the prevailing comorbidities, the
true prevalence of these comorbidities may be underestimated.
Additionally, some of the age data were missing or incomplete
and therefore had to be excluded because the models could
not handle an incomplete age variable, and demographic risk
factors were therefore not included in some regression models.
Our analysis was limited to direct medical costs obtained from
insurance claims files and eClaimLink; indirect costs (out-of-
pocket costs or expenditures outside of eClaimLink) and non-
financial problems (such as loss of productivity and quality of
life) were not included in the financial burden analysis. Because
the analysis was cross-sectional, we cannot infer causality from
the observed associations; it is possible that the associations
simply reflect another underlying case mix or provider practice
patterns for the patient cohort, which were either not available
in the data or not fully captured. In this analysis, may slightly
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underestimate breast cancer care costs because costs for which
breast cancer was listed as a secondary or tertiary diagnosis were
often not considered.

This study provides the first comprehensive assessment
of breast cancer treatment costs in Dubai, stratified by
comorbidity, offering novel insights into local cost drivers.
Outpatient services accounted for most encounters and
overall spending; however, inpatient admissions, though less
frequent, generated substantially higher per-patient costs. The
CCl demonstrated a consistent escalation in costs across care
settings, with the greatest impact observed in hospital-based
encounters. Medication expenditures also emerged as significant
contributors, particularly among patients managing treatments
for both cancer and chronic diseases.

These findings underscore the importance of systematically
incorporating comorbidity measures into health economic
analyses, as they meaningfully alter cost estimates and highlight
key drivers of financial burden. By filling a critical evidence
gap in the UAE, this study illustrates how localized cost-of-
illness data can inform insurance design, service prioritization,
and sustainable oncology financing, consistent with other
international studies. For policymakers and insurers, these
results highlight the need for integrated care models that
address comorbidities and expand risk-stratified pathways to
safely transition patients toward lower-cost outpatient settings.
Strategies to manage pharmaceutical spending should also be
implemented, including formulary optimization and value-
based purchasing. Future research should extend this work by
linking claim-based cost estimates with survival and quality-of-
life outcomes, thereby supporting value-based, patient-centered
cancer care in Dubai, the UAE.
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ABSTRACT

Objective: Idiopathic granulomatous mastitis (IGM) is a rare benign inflammatory breast disease with a high risk of relapse. The study objective
was to evaluate relapse predictors and treatment outcomes in a large cohort of IGM patients.

Materials and Methods: We retrospectively analyzed female patients diagnosed with IGM (2018-2024) at the Central Military Hospital, Baku.
Diagnosis was confirmed by core needle biopsy. Patients were managed with systemic therapy (corticosteroids and/or immunosuppressants)
when clinically indicated; local measures (e.g., aspiration/drainage, intralesional steroid) were used selectively in localized disease. Relapse
was defined as reappearance of clinical or radiological findings after remission. Univariable and multivariable logistic regression models were
applied to identify independent predictors.

Results: The cohort consisted of 92 patients. Relapse occurred in 22/85 methotrexate-treated patients (25.9%), with most relapses occurring
between the third and fifth months. No relapse events were observed in the azathioprine subgroup (n = 7). However, this finding should be
considered observational only due to the small numbers and zero-event data. In multivariable analysis, erythrocyte sedimentation rate (ESR)
>20 mm/h (and angiotensin converting enzyme >52 U/L, where applicable) were associated with relapse, whereas apparent associations with
tumor necrosis factor alpha inhibitors and cyclosporine likely reflect confounding by indication because these agents were used as rescue
therapy in refractory/relapsing disease. Elevated ESR was also associated with prolonged treatment duration (p = 0.006).

Conclusion: A structured and individualized treatment approach may contribute to favorable clinical outcomes in patients with IGM. Observed
relapse patterns support the importance of risk-adapted management rather than a uniform therapeutic strategy. Given the retrospective design
and limited subgroup sizes, these findings should be interpreted cautiously and considered hypothesis-generating. Prospective, multicenter
studies are required to validate relapse-associated factors and optimize treatment strategies.
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KEY POINTS

* Idiopathic granulomatous mastitis.
* Relapse.

* Immunosuppressive therapy.

» Methotrexate.

* Azathioprine.

Introduction

Idiopathic granulomatous mastitis (IGM) is a rare, chronic, and
benign inflammatory breast disease, first described in 1972
(1). It predominantly affects women of reproductive age, most
commonly occurring within the first five years postpartum,
typically between the ages of 30 and 45 years (2). Rarely, IGM
occursin men and postmenopausal women (3). The exact etiology
of the disease remains unclear; however, several factors, such
as autoimmune processes, hormonal influences, pregnancy,
lactation, use of oral contraceptives, and hyperprolactinemia are
believed to play a role in its pathogenesis (4).

The involvement of autoimmune mechanisms is supported
by the favorable response of IGM to corticosteroids and
immunosuppressive agents (5). Furthermore, the common
presence of extra-mammary inflammatory manifestations,
such as erythema nodosum and arthritis, further supports the
hypothesis of immune-mediated pathology (6). Histologically,
IGM is characterized by non-caseating granulomas
predominantly affecting the breast lobules, often accompanied
by microabscesses (7). Given its granulomatous nature, infectious
etiologies, such as tuberculosis, fungal infections, sarcoidosis,
and granulomatosis with polyangiitis must be considered in the
differential diagnosis. Biopsy confirmation is mandatory (8).

Clinically, IGM typically presents as a palpable breast mass,
often accompanied by pain, erythema, nipple retraction,
and occasionally the formation of fistulous tracts (9). Axillary
lymphadenopathy may also be observed, which can complicate
differentiation from malignant tumors (10). The disease course
is variable, with recurrence rates ranging from 5% to 50% (11).
Due to its chronic and recurrent nature, long-term follow-up is
necessary (12).

Management strategies for IGM remain controversial, and no
consensus exists regarding the optimal treatment approach (13).
Therapeutic options include corticosteroids, immunosuppressive
agents, including methotrexate and azathioprine, antibiotics,
and surgical intervention (14). While some studies suggest that
surgical excision may be associated with higher recurrence rates,
others advocate for a multimodal approach that incorporates
systemic therapy (15). The aim of this study was to identify
clinical and laboratory predictors of relapse in IGM and evaluate

the effectiveness of a structured, individualized treatment
strategy.

Materials and Methods

This retrospective study was conducted at the Rheumatology
Department Outpatient Clinic of the Central Military Hospital
of the Ministry of Defence between 2018 and 2024. Female
patients who were either referred with a diagnosis of IGM or
were newly diagnosed in our clinic were included. The mean
follow-up duration was more than one year, allowing assessment
of treatment response and early recurrence but late relapses
may have been missed due to the chronic course of IGM. The
diagnosis of IGM was histopathologically confirmed by findings
of granulomatous inflammation consistent with mastitis,
including epithelioid histiocytes, Langhans-type giant cells, and
lymphocytic infiltration.

Ethical approval was obtained from the Ethics Committee of
Liv Bona Dea, Baku Hospital (approval no: BDP-2023/174, date:
02.11.2024).

Inclusion criteria comprised patients with IGM confirmed by
a tru-cut biopsy performed due to a breast mass. Serological
profiles including anti-nuclear antibodies (ANA), anti-neutrophil
cytoplasmic antibodies (ANCA), rheumatoid factor (RF),
angiotensin converting enzyme (ACE), erythrocyte sedimentation
rate (ESR), and C-reactive protein (CRP) were analyzed to exclude
other granulomatous diseases such as sarcoidosis, autoimmune,
and vasculitic conditions. ANA positivity was defined as titers
>1:160, and ACE levels >52 U/L were considered elevated. All
data were retrospectively extracted from the hospital’s electronic
medical records system. To assess relapse predictors, univariate
and multivariate binary logistic regression models were
constructed using clinical and treatment variables, including ESR,
CRP, immunosuppressant use, and age. Statistical significance
was defined as p<0.05.

Demographic data included patient age, age at diagnosis, the
interval (in months) between symptom onset and diagnosis, and
time since last childbirth. Comorbidities were also recorded and
included type 2 diabetes mellitus, coronary artery disease, other
organ-specific or systemic conditions and heart failure.
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Clinical evaluation included characteristics of the breast masses,
including painful/painless, erythema, discharge, abscess,
appearance, recurrent abscesses, unilateral/bilateral lesions,
lesions >5 cm in diameter, and laterality of breast involvement.
Laboratory and imaging data included ESR >20 mm/h, CRP
>5 mg/L, and ACE >52 U/L. Baseline ultrasound was used
to document mass size =5 cm. ANA, ANCA, and RF tests were
performed for all patients.

All patients initially presented to the general surgery outpatient
clinicand were then referred to rheumatology. Initial treatments,
including surgical interventions (abscess drainage or mass
excision, without distinction), were recorded.

Recurrence was defined as the reappearance of clinical or
radiological signs of disease following a period of complete
remission lasting at least 4 weeks. Number of recurrences,
time to first and second recurrence (in months), and treatment
modalities during recurrence (antibiotics, steroids, methotrexate,
azathioprine) were documented.

Treatment Strategy

Treatment was individualized based on clinical disease activity.
Treatment decisions were individualized based on disease
extent, inflammatory activity (ESR/CRP), symptom severity, and
patient factors (including lactation). Because non-severe IGM can
be managed with a de-escalation approach, observation, and/or
local therapies (e.g., ultrasound-guided aspiration/drainage and
intralesional corticosteroid injection) were considered as initial
management for mild, well-localised disease, before resorting
to systemic immunosuppression. Systemic therapy was reserved
for clinically active, extensive, progressive, or refractory disease,
or when symptoms significantly affected quality of life. When
systemic therapy was used, oral prednisolone (0.5-1 mg/kg/day)
was initiated during the active inflammatory phase and tapered
according to clinical response and tolerability. Once clinical
stability was achieved, steroids were tapered over approximately
4 weeks. Dose selection was individualized and adjusted
according to clinical response and tolerability.

Patients were pragmatically stratified into mild, moderate, and
severe categories based on lesion size, inflammatory markers
(ESR/CRP), and symptom severity to guide treatment intensity.

e Mild: Localized disease with normal or minimally elevated
ESR/CRP and minimal clinical inflammation.

e Moderate: Symptomatic inflammatory disease and/or
moderate elevations in ESR/CRP.

« Severe: Marked inflammatory activity (elevated ESR/
CRP), extensive disease and/or lesion diameter >5 cm, or
complicated disease (e.g., abscess/fistula).
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This stratification was used as a center-specific practical tool and
does not represent a validated consensus classification.

Stratification into mild, moderate, and severe forms was
based on a combination of lesion size, CRP/ESR levels, and
severity of clinical symptoms. This stratification enabled a
personalized treatment approach. To reduce cumulative
corticosteroid exposure, a steroid-sparing immunosuppressant
(most commonly methotrexate in this cohort) was introduced
in patients requiring prolonged steroids, those with extensive
disease, or those with relapse. In refractory or relapsing cases,
tumor necrosis factor aplha (TNF-a) inhibitors (adalimumab)
and cyclosporine were used. Patients were monitored monthly
with clinical and laboratory assessments, and treatment doses
were adjusted based on response. The pragmatic stepwise, risk-
adapted treatment pathway used in our centre is summarized
in Figure 1.

Treatment Modalities

1. Corticosteroid Therapy: Prednisolone was used as systemic
therapy for patients with clinically active inflammatory disease
and tapered in parallel with clinical improvement. In relapse,
a previously effective dose could be reintroduced temporarily
while steroid-sparing therapy was optimized.

2. Immunosuppressive Therapy: Methotrexate (85 patients) and
azathioprine (7 patients) were used. Azathioprine was used in
selected postpartum/breastfeeding patients when methotrexate
was not preferred. Azathioprine was used in selected postpartum/
breastfeeding patients when methotrexate was not preferred.
Refractory and relapsing cases were managed with TNF-a
inhibitors (adalimumab) and cyclosporine.

3. Antibiotic Therapy: Administered when an infectious

component was confirmed.

4. Combination Therapy: Two main combinations were used.
In patients treated with biological agents (adalimumab,
cyclosporine), infection markers, liver function, and complete
blood counts were closely monitored. Screening for hepatitis and
latent tuberculosis (purified protein derivative or Quantiferon)
was performed. No serious infections requiring hospitalization
were documented in the available records; however, adverse
events were not systematically captured in this retrospective
dataset, so toxicity may be underestimated. Routine monitoring
during  systemic immunosuppression included clinical
assessment and periodic laboratory testing (complete blood
count and liver function tests), with infection screening prior to
biologic therapy as described.

 Methotrexate + Cyclosporine (200 mg/day for 4-6 months)

* Methotrexate + Adalimumab (40 mg every other week)
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Figure 1. Treatment algorithm (pragmatic, stepwise, risk-adapted). Pragmatic stepwise, risk-adapted treatment pathway used
in our centre. Mild, well-localised disease may be managed initially with observation and/or local therapies, whereas systemic
immunosuppression is reserved for clinically active, extensive, progressive, or refractory disease. Escalation (e.g., adalimumab or
cyclosporine) was used as rescue therapy in relapsing/refractory cases

ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; OR: Odds ratio; MTX: Methotrexate

Corticosteroid duration varied according to disease activity and
response. In patients with persistent or relapsing disease, tapering
was slowed and/or a steroid-sparing immunosuppressant
was optimized. The primary outcome was defined as disease
recurrence, determined by the reappearance of clinical or
radiological findings after achieving complete or partial
remission. Secondary outcomes included time to recurrence and
treatment response (remission, stable disease, or progression).
In cases where clinical improvement was not satisfactory, the
steroid dose was increased again to regain disease control.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics
for Windows, version 29 (SPSS Inc., Chicago, lllinois). Descriptive
statistics for continuous variables are presented as mean +
standard deviation or median (minimum-maximum), and
categorical variables as frequencies (n) and percentages (%). The
Kolmogorov-Smirnov and Shapiro-Wilk tests were used to assess
normality of continuous variables. Depending on distribution,
independent t-test or Mann-Whitney U test was applied for group

comparisons. For categorical variables, Pearson’s chi-square or
Fisher’s exact test (when expected cell values were <5) was used.

To evaluate associations with recurrence and treatment duration,
univariable and multivariable logistic regression models were
applied. Variables entered into the regression model included
age, ESR, CRP, lesion size, laterality, and immunosuppressant
use (methotrexate, azathioprine, TNF-a inhibitors, cyclosporine,
corticosteroids, surgical intervention). Odds ratios with 95%
confidence intervals were calculated. Linear regression was
used for continuous outcome variables. Correlation analyses
employed Pearson or Spearman tests, depending on data type. A
two-tailed p-value <0.05 was considered statistically significant.
In subgroups with limited event counts (e.g., azathioprine),
multivariate regression was restricted.

Results

Data from 92 patients were analyzed. The mean age of patients
was 36.10+9.63 years. The average treatment duration was
9.84+4.70 months, reflecting the typical course of therapy. In
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terms of comorbitities, five patients had thyroid dysfunction,
five had hypertension, and two had diabetes mellitus. However,
these comorbidities did not show any significant effect on
treatment duration or relapse rates, likely due to the younger
age distribution of the cohort. ANA positivity was detected in 4
(4.35%) patients and RF in 1 (1.1%) patient. Of the 85/92 (92.4%)

patients treated with methotrexate, 22 experienced a relapse
(25.9%), primarily occurring between the third and fifth month
of treatment. A comparison of clinical, laboratory, and treatment
characteristics between recurrent and non-recurrent IGM
patients is summarized in Table 1. All relapses were observed
in the methotrexate group. None of the 7 patients treated with

Table 1. Comparison of clinical, laboratory, and treatment characteristics between recurrent and non-recurrent IGM patients
Variable IGM recurrence - no (n/%) IGM recurrence - yes (n/%) p-value
Total patients 70 (76.1%) 22 (23.9%) -
Baseline characteristics

Age (mean + SD) 36.1049.63 36.1049.63 >0.05
Time from symptom onset to diagnosis (months) Not specified Not specified -
Clinical features

Presence of mass 70 (100%) 22 (100%) -
Painful mass 50 (71.4%) 18 (81.8%) -
Redness 32 (45.7%) 10 (45.4%) -
Discharge 27 (38.5%) 9 (40.9%) -
Fistula 5 (7.1%) 3(13.6%) -
Nipple retraction 10 (14.3%) 5 (22.7%) -
Cellulitis 4 (5.7%) 2(9.1%) -
Erythema nodosum 6 (8.5%) 2 (9.1%) -
Recurrent abscess Not specified Not specified -
Unilateral lesion 61 (87.1%) 18 (81.8%) -
Mass >5 cm on initial ultrasound 18 (26%) 8 (36%) -
Laboratory findings

ESR >20 mm/h 21 (30%) 10 (45%) 0.023
CRP 25 mg/L 26 (37%) 8 (36%) 0.056
ACE >52 U/L 10 (14%) 4 (18%) -
Prolactin (mean) Not specified Not specified >0.05
Risk factors

Comorbidities 10 (14%) 5 (23%) -
Stress factor 30 (43%) 9 (41%) -

Oral contraceptive use 7 (10%) 2 (9%) -
Menopause 3 (4.3%) 1(4.5%) -
Breast trauma Not specified Not specified -
Treatment & follow-up

Initial steroid use 70 (100%) 22 (100%) -
Initial methotrexate use 63 (90%) 22 (100%) 0.473
Initial azathioprine use 7 (10%) 0 (0%) 0.494
TNF-o inhibitor use 0 (0%) 17 (77.3%) -
Methotrexate + cyclosporine 0 (0%) 5 (22.7%) -
Combination therapy (any) 0 (0%) 22 (100%) -
Follow-up status Not specified Not specified -

ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; IGM: Idiopathic granulomatous mastitis; ACE: Angiotensin converting enzyme; TNF-o.: Tumor necrosis factor
alpha; SD: Standard deviation
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azathioprine experienced a relapse but this was not different
from the relapse rate in the methotrexate group (p = 0.494).
Among the 22 relapsing patients, 5 received methotrexate +
cyclosporine (200 mg/day, for 4-6 months), and 17 received
methotrexate + adalimumab (40 mg every other week).

Correlation analyses identified the following associations. No
statistically significant correlation was found between relapse
and use of methotrexate (r = 0.076, p = 0.473) or azathioprine (r
=0.072, p = 0.494). A significant positive correlation was found
between relapse and treatment duration (r = 0.422, p<0.001),
suggesting that relapses are associated with prolonged therapy,
possibly due to repeated clinical and radiologic recurrence.
No correlation was found between patient age and treatment
duration. A significant weak positive correlation was identified
between ESR and treatment duration (r = 0.246, p = 0.023),
suggesting that elevated ESR is associated with longer treatment
periods. However, there was no correlation between CRP and
treatment duration (F = 1.638, p = 0.056), showing a trend
without significance. No significant correlation was found
between treatment duration and other immunosuppressive
(methotrexate, azathioprine, TNF-a inhibitors, cyclosporine) or
antibiotic therapies.

To further explore the effect of laboratory variables on
treatment duration, one-way ANOVA analyses were performed
This indicated a statistically significant difference in treatment
duration across ESR groups (F = 2.172, p = 0.006), suggesting

that higher ESR levels are associated with longer treatment
periods. However, CRP showed (F = 1.638, p = 0.056), a trend
toward association with treatment duration, but this did not
reach statistical significance.

Overall, the findings suggest that clinical or radiologic relapse
afterachieving remission is significantly associated with extended
treatment durations. Elevated ESR was associated with longer
treatment duration and relapse status. In contrast, factors such
as age, surgical intervention, and various immunosuppressive
or antibiotic regimens did not show a statistically significant
effect on treatment duration. These findings provide important
insights for optimizing relapse risk assessment and patient
monitoring strategies in clinical practice.

In the multivariable logistic regression model, ESR >20 mm/h,
TNF-o. inhibitor use, and cyclosporine treatment showed
statistical associations with relapse status (Table 2). These
treatment-related associations should be interpreted cautiously
because TNF-a. inhibitors and cyclosporine were used as
rescue therapy in refractory/relapsing disease (confounding by
indication). No relapse events were observed in the azathioprine
subgroup but the small sample size was very small and there
were zero-event data. Table 3 illustrates the distribution of
relapse onset over time, showing a peak between the third and
fifth months after treatment initiation.

Table 2. Logistic regression model showing variables associated with relapse status

Variable OR 95% Cl p-value

ESR >20 mm/h 2.45 1.10-5.46 0.023

CRP =5 mg/L 1.95 0.98—+4.22 0.056

TNF-a inhibitor 4.87 1.70-13.90 <0.001

Cyclosporine 3.85 1.48-10.03 0.006

Azathioprine - 0.494 (no relapses observed)
Age 0.98 0.93-1.03 0.398

Surgical intervention 1.55 0.82-2.91 0.184

ACE >52 U/L 2.26 1.12-4.53 0.010

TNF-a inhibitors and cyclosporine were used as rescue therapy in relapsing/refractory cases; therefore, their statistical associations with relapse should be interpreted
cautiously due to confounding by indication, TNF-a.: Tumor necrosis factor alpha; OR: Odds ratio; Cl: Confidence interval; ESR: Erythrocyte sedimentation rate; CRP: C-reactive

protein

Table 3. Time distribution of relapse occurrence following initiation of treatment, with clustering between 3" and 5" months
Variable Association (OR) 95% CI p-value

ESR >20 mm/h 2.32 1.01-5.34 0.048

TNF-a inhibitor 412 1.38-12.30 0.011

Cyclosporine 3.44 1.22-9.76 0.019

ACE >52 U/L 2.05 0.98-4.29 0.060 (borderline significance)
TNF-a: Tumor necrosis factor alpha; OR: Odds ratio; CI: Confidence interval; ACE: Angiotensin converting enzyme; ESR: Erythrocyte sedimentation rate
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Discussion and Conclusion

Our findings indicate that the personalized and phased
treatment protocol we implemented resulted in a relapse rate
of only 25.9% in patients with IGM. This relapse rate falls within
the lower range of rates reported in the international literature,
which range from 20% to 47.5% (16). Several retrospective studies
have reported even higher relapse rates, between 35% and 50%,
highlighting the tendency of IGM to relapse frequently during its
natural course (17). These differences support the effectiveness
of our individualized approach in routine clinical practice.

The low relapse rate likely reflects the structured, multi-phase
treatment protocol. Common challenges frequently reported
include premature tapering of corticosteroids, delayed
initiation of biological therapies, and inadequate follow-
up (18). In contrast, our center applied a pragmatic, stepwise
approach in which systemic therapy was generally reserved
for clinically active or extensive disease, and steroid-sparing
agents were used to reduce cumulative corticosteroid exposure
when prolonged treatment was required, followed by gradual
tapering and long-term immunosuppressive support using
methotrexate or azathioprine (19). Despite the small sample
size the azathioprine subgroup exhibited zero relapse events.
Therefore, this observation should be considered exploratory
and not interpreted as evidence of superior efficacy. In steroid-
refractory or relapsing cases, biologic agents (e.g., adalimumab)
and cyclosporine were used only as rescue therapy in refractory/
relapsing disease, and observed outcomes should be interpreted
in the context of the presence of confounding by indication (20).

In the methotrexate group (n = 85), the relapse rate was 25.9%
(n = 22) and tended to occur between three and five months of
therapy. This highlights the importance of careful steroid dose
adjustment and sustained immunosuppressive therapy (21).
Recent efforts have aimed to standardize clinical classification
and improve comparability across IGM cohorts. A consensus
study has proposed a practical clinical classification framework,
and a Pittsburgh classification-based treatment algorithm has
also been presented, emphasizing stepwise escalation from
observation/local measures to systemic immunosuppression
for severe or refractory disease. Our mild/moderate/severe
stratification overlaps conceptually with these emerging
frameworks but was applied retrospectively and should be
regarded as a center-specific pragmatic approach rather than a
validated consensus classification (22, 23).

Prospective studies comparing methotrexate- and azathioprine-
based regimens are warranted to clarify relative efficacy and
safety (24).

Despite the favorable relapse outcomes observed in this cohort,
systemic immunosuppressive therapy carries an inherent risk

276

of overtreatment, particularly in patients with mild disease or
limited inflammatory activity. Therefore, treatment intensity
should be carefully individualized, balancing potential benefits
against systemic adverse effects. Risk-adapted decision-making
remains essential in the management of IGM.

Local treatment modalities, including intralesional corticosteroid
injections and surgical drainage, represent valid therapeutic
options in selected patients with localized disease. The limited
use of these approachesin the present cohort reflects institutional
practice patterns rather than a recommendation against local
therapies. Treatment selection should remain individualized,
incorporating both systemic and local strategies when clinically
appropriate.

Combination therapies applied in refractory and relapsing cases
also yielded meaningful clinical outcomes. The regimens of
methotrexate + cyclosporine (200 mg/day for 4-6 months) and
methotrexate + adalimumab (40 mg every other week) resulted
in early positive clinical and laboratory responses from the first
month of treatment, although these observations should again
be interpreted cautiously due to the retrospective design (25).
These results align with a recent report supporting the promising
role of TNF-a inhibitors in granulomatous inflammatory
diseases, including IGM (26).

Moreover, our study adopted a stringent definition of relapse,
considering only those recurrences that occurred after complete
clinical and radiological remission. The therapeutic strategy
was guided by a structured and stepwise protocol: For non-
severe localized disease, observation and/or local measures
may be appropriate as initial management, with systemic
immunosuppression reserved for clinically active, extensive,
progressive, or refractory disease, and the introduction
of combination therapy (methotrexate + cyclosporine or
adalimumab) only in cases of relapse (27). Monthly monitoring
and individualized steroid tapering were central to relapse
prevention. In contrast, many studies classify any clinical
fluctuation as relapse, potentially inflating relapse rates and
limiting comparability (28). Unlike many previous reports
limited to univariate or descriptive analyses, our study employed
multivariate regression, which allowed us to explore variables
statistically associated with relapse in this retrospective cohort.
This methodological strength enhances the reliability of our
conclusions. The relatively low relapse rate in our cohort
compared with previous reports further highlights the potential
value of our structured treatment strategy. The relapse clustering
between months 3 and 5 may relate to steroid tapering dynamics,
reinforcing the need for immunosuppressive maintenance.

We also observed a statistically significant association between
ESR and treatment duration. The observed associations between
relapse status and the use of TNF-a inhibitors or cyclosporine
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should be interpreted with caution. These agents were not
initiated as first-line therapies but were introduced after
relapse as rescue treatments for refractory disease. Therefore,
their statistical association with relapse reflects confounding
by indication rather than a causal or predictive effect. This
highlights the inherent limitations of retrospective analyses
when interpreting treatment-related regression outcomes. There
may be benefit in measuring ESR when monitoring treatment
response and relapse risk. This finding reinforces the established
role of systemic inflammation in the clinical course of IGM but
may also indicate poor control of the inflammatory response or
may simply indicate continued non-specific inflammation from
some unidentified cause or confounder (29).

Although prolactin has been hypothesized as a contributing
factor in IGM, our study did not find a significant association
between prolactin levels and recurrence, consistent with
findings from previous research (30). Surgical intervention, while
sometimes necessary, was associated with a tendency toward
higher relapse rates in our small subset of surgically treated
patients, aligning with other studies emphasizing the risks of
surgery without concurrent immunosuppression (31).

Ultimately, our study illustrated the complexity of IGM
management. There is no universally superior treatment
approach. Rather, individualized, multimodal strategies tailored
to each patient’s clinical presentation and disease severity
appear to yield optimal results. Future research should prioritize
randomized controlled trials and long-term follow-up studies
to refine therapeutic algorithms and improve patient outcomes
(32).

Study Limitations

This study is limited by its retrospective design and relatively
small subgroup sizes, which restricted some multivariate
comparisons. Larger, prospective studies are required to validate
these predictors.

The retrospective design of this study also prevents causal
inference and is subject to incomplete data capture and
indication bias. In addition, the median follow-up duration of
only 14.3 months may be insufficient to detect late relapses,
given the chronicand recurrent nature of IGM. Additionally, this
was a single-center cohort with a postpartum/breastfeeding-
enriched population, which may limit generalizability to
broader or non-endemic settings. Therefore, long-term disease
control and durability of remission could not be fully assessed.
Adverse events related to corticosteroids, methotrexate,
azathioprine, and biologic agents were not systematically
graded or quantified due to the retrospective nature of the
study. Consequently, the true incidence of treatment-related
toxicity may be underestimated. Future prospective studies with

standardized safety reporting are needed to better define the
risk-benefit profile of systemic immunosuppressive therapies
in IGM.

This study demonstrated that a structured and individualized
treatment approach may contribute to favorable clinical
outcomes in patients with IGM. The observed relapse patterns
highlight the importance of risk-adapted management strategies
rather than a uniform therapeutic algorithm. However, given
the retrospective design, limited subgroup sizes, and follow-up
duration, the present findings should be interpreted cautiously
and require further validation. Prospective, multicenter studies
are warranted to validate relapse-associated factors and to define
the optimal balance between systemic and local treatment
modalities.
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ABSTRACT

Objective: Accurate intraoperative margin assessment during breast-conserving surgery (BCS) is essential to minimize re-excision and preserve
cosmesis. In resource-constrained settings, advanced imaging and frozen section analysis are often unavailable, and surgeons frequently rely
on visual-tactile judgment. This study compared the diagnostic accuracy of surgeon-performed intraoperative specimen ultrasound (I0SpUS-S),
radiologist-performed specimen ultrasound (I0SpUS-R), specimen mammography, and gross inspection against final histopathology.

Materials and Methods: This prospective study included 40 patients with early breast cancer undergoing wide local excision at a tertiary
centre in central India. Each excised specimen was evaluated intraoperatively, ex vivo, by gross inspection, I0SpUS (surgeon and radiologist),
and specimen mammography. Diagnostic parameters, including sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), accuracy, and correlation with the final histopathological margins, were calculated. Receiver operating characteristic analysis was
performed to determine discriminative performance.

Results: Both surgeon- and radiologist-performed 10SpUS achieved identical diagnostic performance: sensitivity 100%, specificity 100.0%, PPV
100.0%, NPV 97.5%, and accuracy 97.6%. Specimen mammography showed similar results, whereas gross inspection had zero sensitivity but
100% specificity, with an overall accuracy of 95.0%. The mean histopathological margin width was 13.2+3.7 mm. 10SpUS showed a strong
correlation with histopathology (r = 0.87 for surgeon-performed and r = 0.83 for radiologist-performed; p<0.001). Only one patient (2.5%) had
a close margin that was correctly identified by both 10SpUS modalities and mammography, but was missed on gross inspection.

Conclusion: Surgeon-performed [0SpUS provides real-time, workflow-efficient intraoperative margin assessment, with diagnostic performance
comparable to that of radiologist-performed ultrasound and specimen mammography in this prospective cohort. In low-resource environments,
gross examination, though less sensitive, remains a viable adjunct when imaging facilities are limited. A combined approach has the potential
to reduce re-excision by supporting intraoperative decision-making.
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KEY POINTS

* Surgeon-performed intraoperative specimen ultrasound (I0SpUS-S) is oncologically reliable: It demonstrates diagnostic accuracy and margin correlation
equivalent to radiologist-performed ultrasound and specimen mammography, validating surgeons as effective real-time margin assessors during breast-

conserving surgery.

» Workflow efficiency without diagnostic compromise: 10SpUS-S significantly reduces intraoperative time and dependency on radiology services, enabling
immediate margin-directed decision-making without loss of accuracy, critical in high-volume and resource-limited settings.

» Gross inspection alone is insufficient but remains a pragmatic adjunct: while gross examination has poor sensitivity for close/positive margins, its high
specificity supports its role as a supplementary tool where imaging is unavailable, especially when combined with surgeon-performed ultrasound.

Introduction

Breast cancer is the most common malignancy among women
worldwide and remains a major health burden in India (1, 2).
Wide local excision (WLE) is an integral part of breast-conserving
surgery (BCS) for early breast cancer, as it aims to remove the
tumor completely while preserving breast shape and cosmesis
(3, 4). The adequacy of surgical margins is crucial in preventing
local recurrence, and positive margins often require re-excision
or mastectomy, procedures that adversely affect both oncological
and cosmetic outcomes (5, 6). Several intraoperative techniques
have been developed to evaluate marginsand reduce reoperation
rates (7-10). Traditionally, specimen mammography has been
used, particularly in cases of ductal carcinoma in situ (DCIS) (11,
12). Radiologist-performed specimen ultrasound (I0SpUS-R) has
been employed to evaluate soft-tissue tumors more accurately
than mammography; however, it requires specimen transfer and
radiology input, which can prolong the operative workflow (13-
16).

Surgeon-performed  intraoperative  specimen ultrasound
(10SpUS-S) has emerged as a pragmatic alternative, particularly
in settings where dependence on radiologists, frozen section
facilities, or dedicated imaging infrastructure limits real-time
decision-making (17-19). This approach has the potential to
reduce re-excisions, operative delays, and costs, particularly
in resource-constrained settings. In low- and middle-income
countries, the resources required for advanced intraoperative
imaging are scarce, and breast cancer surgery often relies on
the surgeon’s experience and visual-tactile judgment. Gross
examination of excised specimens, though simple and cost-
neutral, is inherently subjective and hence is considered to
have limited ability to detect close margin involvement (16, 20,
21). The present study was therefore undertaken to compare
the diagnostic performance of gross examination, specimen
mammography, radiologist-performed ex vivo (I0SpUS-R), and
surgeon-performed ex vivo (I10SpUS-S) against final histopathology,
the gold standard.

Materials and Methods

This prospective observational study was conducted in the
Department of Surgery, Netaji Subhash Chandra Bose Medical
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College, Jabalpur (MP), India, over 18 months (August 2023 to
December 2024). Ethical approval was obtained from the Netaji
Subhash Chandra Bose Medical College Jabalpur Institutional
Ethics Committee (approval no: IEC/2023/7335-143, date:
18.08.2023), and informed consent from all participants were
obtained. This prospective study included 40 consecutive patients
with biopsy-proven invasive breast carcinoma undergoing WLE.
Patients with pure DCIS, multifocal or multicentric disease,
prior neoadjuvant chemotherapy, or non-mass lesions with
calcification-dominant imaging were excluded.

All patients underwent standard preoperative mammography
and ultrasound for localization and surgical planning. During
surgery, WLE was performed with adequate margins in
accordance with oncological principles. Each excised specimen
was assessed intraoperatively using four margin-assessment
methods. First, gross examination and surgeon-performed ex
vivo ultrasound were carried out in the operating room using
a portable high-frequency ultrasound probe to examine the
specimen and assess margin status. Second, specimens were
evaluated using radiologist-performed ex vivo ultrasound
after transfer to the radiology department. Third, specimen
mammography was performed to assess for calcifications and to
evaluate margin clearance.

The findings of each modality were documented and compared
with the final histopathology, which served as the gold standard;
a close margin was defined as tumor not on the inked margin,
with the closest margin measuring <2 mm. The primary
outcome was the sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of each imaging
modality. Interobserver agreement between surgeon-performed
and radiologist-performed ultrasound was also assessed.
The radiologist was not informed of the surgeon’s ultrasound
interpretation. The final histopathological assessment was
performed, blinded to all intraoperative margin assessments.
While complete blinding of the surgeon to the specimen was
not feasible, bias was mitigated using a standardized scanning
protocol and predetermined cut-off values for close margins.

Statistical Analysis

Data were analyzed using an Excel spreadsheet and MedCalc
Statistical Software (MedCalc Software Ltd., Ostend, Belgium).
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Continuous variables were expressed as mean * standard
deviation, while categorical data were presented as frequencies
and percentages. Diagnostic performance parameters,
including sensitivity, specificity, PPV, NPV, and overall
accuracy, were calculated for each intraoperative modality
using final histopathology as the gold standard. Exact 95%
confidence intervals (Cls) for sensitivity and specificity were
computed using the Wilson score method without continuity
correction. Comparative analyses between modalities were
performed using the chi-square (y?) test or Fisher’s exact test as
appropriate. Correlations between margin distance measured
by intraoperative methods and final histopathological margins
were analyzed using the Pearson correlation coefficient(r); the
strength of association was interpreted as follows: r = 0.00-0.30
(weak), 0.31-0.70 (moderate), and >0.70 (strong).

Diagnostic performance across modalities was further assessed
by constructing receiver operating characteristic (ROC) curves,
and the area under the curve (AUC) was calculated, along with
its standard error and 95% Cl, to evaluate discriminatory ability.
All tests were two-sided, and statistical significance was set at
p<0.05.

Table 1. Demographic and clinical profile of patients
Variable Category Frequency (%)
42.65113.36
+
Age Mean % SD (range) (32-70)
. Homemakers 93%
Occupation
Others 7%
Postmenopausal 18 (45%)
Menopausal status
Premenopausal 22 (55%)
. [ 6 (15%)
Clinical stage
I 34 (85%)
A+B 18 (45%)
Molecular subtype Her 2 enriched 10 (25%)
TNBC 12 (30%)
TNBC: Triple-negative breast cancer; SD: Standard deviation

Results
Patient Characteristics

Forty consecutive patients with breast cancer undergoing WLE
were included. The mean age was 499 years (range 32-68).
All lesions were invasive ductal carcinomas; the mean tumor
diameter on final histopathology was 2.4+0.8 cm (Table 1).

Margin Assessment and Diagnostic Performance

Each excised specimen was evaluated intraoperatively by gross
inspection, 10SpUS-S, radiologist-performed intraoperative
specimen ultrasound (I0SpUS-R), and specimen mammography.
Final histopathology served as the reference standard. The
sensitivity of 10SpUS-S and 10SpUS-R was 100.0% (95% Cl: 21—
100); specificity was 100.0% (95% Cl: 88.8—100); PPV was 100%;
NPV was 97.5%; and overall accuracy was 97.6%. Specimen
mammography vyielded comparable performance metrics:
sensitivity 100.0% (95% CI: 21.1-100); specificity 100.0% (95%
Cl: 88.8—100); PPV 100%; NPV 97.5%; and accuracy 97.6%. Gross
inspection missed the only close-margin case in this cohort;
therefore, its sensitivity could not be reliably estimated (0.0%,
95% Cl: 0-37.9), and overall accuracy was 95.0% (95% Cl: 83.1—
99.4). There was no statistically significant difference between
I0US-R and 10US-S (p = 0.99); however, both outperformed gross
inspection (p<0.05, 2 test) (Table 2).

Figure 1 depictsthe ROC curves comparing diagnostic performance
among modalities. Both surgeon- and radiologist-performed
margin assessments showed near-identicalnearly identical
curves with AUC = 0.90. Specimen mammography demonstrated
moderate discrimination (AUC = 0.84), whereas gross inspection
aligned closely with the reference line (AUC = 0.50).

Margin Distance Correlation

The mean histopathological margin width was 13.2£3.7 mm.
Measurements obtained with surgeon-performed [0SpUS-S
correlated strongly with histopathology (r = 0.87, p<0.001),while
radiologist-performed  I0SpUS-R also demonstrated high

Table 2. Diagnostic performance of intraoperative margin assessment modalities (n = 40)

. Sensitivity Specificity PPV NPV | Accuracy

Modalit TP FP TN FN AUC 95% Cl
Y %) ' % ) %)

10SpUS-R 1 0 39 0 100.0 100.0 0.90 0.83-0.98 100.0 97.5 97.6
10SpUS-S 1 0 39 0 100.0 100.0 0.90 0.83—-0.98 100.0 97.5 97.6
specimen 1 0 39 0 100.0 100.0 084  0.73-095 | 100.0 | 975 | 97.6
mammography
Gross inspection 0 0 39 1 0.0 100.0 0.50 0.34-0.65 - 95.0 95.0
Combined
(gross+0SpUS-S) 1 0 39 0 100.0 100.0 - - 100.0 97.5 97.6

TP: True positives; FP: False positives; TN: True negatives; FN: False negatives; AUC: Area under curve; PPV: Positive predictive value; NPV: Negative predictive value;
10SpUS-S: Intraoperative specimen ultrasonography-surgeon; I0SpUS-R: Intraoperative specimen ultrasonography-radiologist; Cl: Confidence interval
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correlationalso correlated strongly with histopathology (r =
0.83, p<0.001). Specimen mammography showed a moderate
correlation (r = 0.68, p = 0.04), whereas gross inspection showed
a poor correlation (r = 0.41, p = 0.12) (Table 3).

Re-Excision Rate and Operative Workflow

Final histopathology confirmed that a single patient (2.5%)
had a positive margin. This margin was accurately detected
intraoperatively by both I0US modalities and specimen
mammography, but was missed on gross inspection, resulting in
one false-negative case that was re-excised in the same sitting,
under the same anaesthesia. The overall re-excision rate was
2.5%. The mean additional intraoperative time for 10SpUS-S
evaluation was 5.81.9 minutes, significantly shorter than that
for I0SpUS-R and specimen mammography (16 +/— 2 min and
14.2+2.6 minutes respectively, p<0.001). No intraoperative
complications or workflow interruptions were encountered.

Discussion and Conclusion

In this study of 40 patients undergoing WLE, we found
that surgeon-performed and radiologist-performed ex vivo
intraoperative ultrasound achieved excellent specificity and

-0.2 0 0.2 0.4 0.6 0.8 il 1.2

—e— True Positive Rate (Sensitivity) - IOUS-R
—e—True Positive Rate (Sensitivity) - IOUS-S
—o—True Positive Rate (Sensitivity) - Mammography

—e— True Positive Rate (Sensitivity) - Gross Inspection

Figure 1. Depictsthe receiver operating characteristic curves
comparing diagnostic performance among modalities

Table 3. Correlation between intraoperative margin
assessment modalities and final histopathological margin
width

Modality Correlation coefficient (r) | p-value
Surgeon-performed

(10SpUS-S) 0.87 0.0003
Radiologist-performed

(10SpUS-R) 0.83 0.0005
Specimen mammography | 0.68 0.037
Gross inspection 0.41 0.118

10SpUS-S: Intraoperative specimen ultrasonography-surgeon; 10SpUS-R:
Intraoperative specimen ultrasonography-radiologist
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an overall diagnostic accuracy of 97.6% in margin assessment,
with both modalities detecting the single close/positive
margin that was missed by gross inspection. Importantly,
gross visual inspection, despite its low sensitivity, maintained
perfect specificity, highlighting that in settings lacking imaging
infrastructure, careful gross margin assessment may still
offer a pragmatic fallback. In resource-limited settings, where
intraoperative imaging or frozen-section analysis is unavailable,
gross inspection by an experienced breast surgeon remains
a practical adjunct to reduce re-excision rates. Specimen
ultrasound is technically less demanding than in vivo breast
ultrasound and can be adopted by breast surgeons after focused
training. The use of a standardized protocol further minimizes
operator dependency and enhances reproducibility.

Ex vivo intraoperative ultrasound has been increasingly validated
as an effective technique to reduce positive margins and re-
excision rates. A systematic review and meta-analysis analyzingof
palpable infiltrating ductal breast cancers demonstrated that
ex vivo 10US guidance was significantly associated with higher
rates of clear lumpectomy margins (odds ratio: ~2.3) compared
to palpation or wire-guided surgery (18, 19, 22). Our results
are consistent with this trend: ex vivo I0US can reliably detect
margin compromise with minimal operative delay.

On the other hand, gross intraoperative margin assessment
(i.e., visual and tactile inspection of the specimen surface) has
historically been considered inferior to imaging- or pathology-
based intraoperative methods. However, a recent study
evaluated the performance of gross intraoperative assessment
and found that its use could contribute meaningfully to
reducing re-excisions (20). Authors reported modest sensitivity
but acceptable specificity and cautioned that performance is
operator-dependent. Similarly, Hoekstra et al. (23) examined a
registry dataset and concluded that gross margin examination
reduced re-excision rates among invasive breast cancer BCS
cohorts. Our experience accords with these findings: although
our gross inspection missed one close margin, the inspection’s
perfect specificity suggests that a positive result is reliably
predictive and can help triage which margins require further
evaluation. When combined with surgeon-performed I0US,
gross examination could help prioritize suspicious zones for
imaging or re-excision, thereby optimizing workflow.

Study Limitations

Nevertheless, our study has limitations. The present study should
be interpreted in light of its small sample size and low event rate,
asthere wasonly one close-margin case. Consequently, diagnostic
performance estimates should be considered exploratory and
hypothesis-generating rather than definitive. Second, our results
stem from a single institution with experienced surgeons and
radiologists; performance might be lower in less-experienced
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hands. Third, this was a controlled setting; in busy clinical
environments, additional time, coordination, or fatigue could
affect IOUS performance. Fourth, we did not evaluate long-term
local recurrence, cosmetic outcomes, or cost-effectiveness. All
lesions in this study were mass-forming invasive carcinomas. The
applicability of 10SpUS to pure DCIS or calcification-dominant
lesions remains limited; specimen mammography continues to
play a critical role.

Despite these limitations, our study has several strengths: we
directly compared surgeon- and radiologist-performed 10US
with both specimen mammography and gross assessment in
the same cohort, providing an internal control. The real-time
integration of surgeon-performed 10SpUS-S demonstrates
practical feasibility without disrupting operative flow.

Surgeon-performed 10SpUS provides real-time and workflow-
efficient intraoperative margin assessment, with diagnostic
performance comparable to radiologist-performed ultrasound
and specimen mammography in this prospective cohort. In low-
resource environments, gross examination though less sensitive
remains a viable adjunct when imaging facilities are limited. A
combined approach has the potential to reduce re-excision and
may support intraoperative decision-making aimed at reducing
re-excision.

Ethics

Ethics Committee Approval: Ethical approval was obtained
from the Netaji Subhash Chandra Bose Medical College Jabalpur
Institutional Ethics Committee (approval no: IEC/2023/7335-143,
date: 18.08.2023).

Informed Consent: Informed consent from all participants were
obtained.

Acknowledgement

The authors acknowledge support from the Multidisciplinary
Research Unit, NSCBMC, Department of Health Research.

Footnotes
Authorship Contributions

Surgical and Medical Pracites: T.A., S.K.Y., A.B, D.M., SJ.R, RM.,
D.S.; Concept: TA, SKY., AB, DM, SJ.R, RM., DS.; Design:
TA., SKY., AB., DM., SJ.R, RM., DS.; Data Collection and/or
Processing: T.A., S.K.Y,, AB., DM, SJ.R,, RM., D.S.; Analysis and/
or Interpretation: T.A,, S.K.Y.,A.B., D.M,, S.J.R,, RM., D.S; Literature
Search: TA,, SKY, AB, DM., SJ.R, RM., DS.; Writing: TA., S.K.Y,,
A.B.,,D.M, SJ.R.,RM., D.S.

Conflict of Interest: The authors have no conflicts of interest to
declare.

Financial Disclosure: The authors declared that this study has
received no financial support.

References

1. Arnold M, Morgan E, Rumgay H, Mafra A, Singh D, Laversanne M, et al.
Current and future burden of breast cancer: global statistics for 2020 and
2040. Breast. 2022; 66: 15-23. (PMID: 36084384) [Crossref]

2. Kulothungan V, Ramamoorthy T, Sathishkumar K, Mohan R, Tomy N, Miller
GJ, et al. Burden of female breast cancer in India: estimates of YLDs, YLLs,
and DALYs at national and subnational levels based on the national cancer
registry programme. Breast Cancer Res Treat. 2024; 205: 323-332. (PMID:
38433127) [Crossref]

3. Yadav SK, S A, Johri G, Shekhar S, Sharma D. Oncoplastic breast surgery in
low-resource settings: feasibility, adoption and outcomes of local perforator
flaps. Indian J Surg Oncol. 2026; 17: 36-40. (PMID: 41641424) |Crossref|

4. Clough KB, Kaufman GJ, Nos C, Buccimazza |, Sarfati IM. Improving breast
cancer surgery: a classification and quadrant per quadrant atlas for
oncoplastic surgery. Ann Surg Oncol. 2010; 17: 1375-1391. (PMID: 20140531)
[Crossref]

5. Houssami N, Macaskill P, Marinovich ML, Morrow M. The association of
surgical margins and local recurrence in women with early-stage invasive
breast cancer treated with breast-conserving therapy: a meta-analysis. Ann
Surg Oncol. 2014; 21: 717-730. (PMID: 24473640) [Crossref]

6. Pop CF, Ortega C, Lecomte M, Kristanto P, Khaled C, De Neubourg F, et al.
Impact of margin distance on recurrence and survival following breast-
conserving surgery after neoadjuvant systemic therapy. NPJ Breast Cancer.
2025; 11: 45. (PMID: 40389463) Crossref|

7. Hwang ES, Beitsch P, Blumencranz P, Carr D, Chagpar A, Clark L, et al; INSITE
study team. Clinical impact of intraoperative margin assessment in breast-
conserving surgery with a novel pegulicianine fluorescence-guided system:
a nonrandomized controlled trial. JAMA Surg. 2022; 157: 573-580. (PMID:
35544130) |Crossref]

8. Jong LS, Veluponnar D, Geldof F, Sanders J, Guimaraes MDS, Vrancken
Peeters MTFD, et al. Toward real-time margin assessment in breast-
conserving surgery with hyperspectral imaging. Sci Rep. 2025; 15: 9556.
(PMID: 40108280) |Crossref]|

9. Pradipta AR, Tanei T, Morimoto K, Shimazu K, Noguchi S, Tanaka K.
Emerging technologies for real-time intraoperative margin assessment in
future breast-conserving surgery. Adv Sci (Weinh). 2020; 7: 1901519. (PMID:
32382473) [Crossref]

10. Maloney BW, McClatchy DM, Pogue BW, Paulsen KD, Wells WA, Barth RJ.
Review of methods for intraoperative margin detection for breast conserving
surgery. ] Biomed Opt. 2018; 23: 1-19. (PMID: 30369108) |Crossref]

11. Lin C, Wang KY, Chen HL, Xu YH, Pan T, Chen YD. Specimen mammography
for intraoperative margin assessment in breast conserving surgery: a meta-
analysis. Sci Rep. 2022; 12: 18440. (PMID: 36323863) [Crossref|

12. Mariscotti G, Durando M, Pavan LJ, Tagliafico A, Campanino PP, Castellano
I, et al. Intraoperative breast specimen assessment in breast conserving
surgery: comparison between standard mammography imaging and
a remote radiological system. Br | Radiol. 2020; 93: 20190785. (PMID:
32101449) [Crossref]

13. WangY, Ebuomal L, Saksena M, Liu B, Specht M, Rafferty E. Clinical evaluation
of a mobile digital specimen radiography system for intraoperative
specimen verification. AJR Am | Roentgenol. 2014; 203: 457-462. (PMID:
25055285) |Crossref]

14. Tan KY, Tan SM, Chiang SH, Tan A, Chong (K, Tay KH. Breast specimen
ultrasound and mammography in the prediction of tumour-free margins.
ANZ | Surg. 2006; 76: 1064-1067. (PMID: 17199691) |Crossref]

15. Butler-Henderson K, Lee AH, Price RI, Waring K. Intraoperative assessment
of margins in breast conserving therapy: a systematic review. Breast. 2014;
23: 112-119. (PMID: 24468464) [Crossref]

283


https://www.doi.org/10.1016/j.breast.2022.08.010
https://www.doi.org/10.1007/s10549-024-07264-3
https://www.doi.org/10.1007/s13193-025-02299-4
https://www.doi.org/10.1245/s10434-009-0792-y
https://www.doi.org/10.1245/s10434-014-3480-5
https://www.doi.org/10.1038/s41523-025-00756-5
https://www.doi.org/10.1001/jamasurg.2022.1075
https://www.doi.org/10.1038/s41598-025-94526-9
https://www.doi.org/10.1002/advs.201901519
https://www.doi.org/10.1117/1.JBO.23.10.100901
https://www.doi.org/10.1038/s41598-022-23234-5
https://www.doi.org/10.1259/bjr.20190785
https://www.doi.org/10.2214/AJR.13.11408
https://www.doi.org/10.1111/j.1445-2197.2006.03941.x
https://www.doi.org/10.1016/j.breast.2014.01.002

Alam et al.
Intra-Operative Margin Assessment in BCS

Eur | Breast Health
2026;22(3):279-284

16.

17.

18.

Dowling GP, Hehir CM, Daly GR, Hembrecht S, Keelan S, Giblin K, et al.
Diagnostic accuracy of intraoperative methods for margin assessment in
breast cancer surgery: a systematic review & meta-analysis. Breast. 2024;
76: 103749. (PMID: 38759577) |Crossref]

Colakovic N, Zdravkovic D, Skuric Z, Mrda D, Gacic |, Ivanovic N. Intraoperative
ultrasound in breast cancer surgery-from localization of non-palpable
tumors to objectively measurable excision. World J Surg Oncol. 2018; 16:
184. (PMID: 30205823) [Crossref]

Pan H, Wu N, Ding H, Ding Q, Dai J, Ling L, et al. Intraoperative ultrasound
guidance is associated with clear lumpectomy margins for breast cancer:
a systematic review and meta-analysis. PLoS One. 2013; 8: e74028. (PMID:
24073200) [Crossref]

. Ferrucci M, Milardi F, Passeri D, Cagol M, Del Bianco P, Grossi U, et al.

Intraoperative ultrasound-guided breast-conserving surgery: a performance
analysis on the basis of novel cancer lesion classification and patients’
cosmetic satisfaction. Surgery. 2025; 180: 109037. (PMID: 39823651)
[Crossref]

284

20.

21.

22.

23.

Nunez A, Jones V, Schulz-Costello K, Schmolze D. Accuracy of gross
intraoperative margin assessment for breast cancer: experience since the
SSO-ASTRO margin consensus guidelines. Sci Rep. 2020; 10: 17344. (PMID:
33060797) [Crossref]

St John ER, Al-Khudairi R, Ashrafian H, Athanasiou T, Takats Z, Hadjiminas
DJ, et al. Diagnostic accuracy of intraoperative techniques for margin
assessment in breast cancer surgery: a meta-analysis. Ann Surg. 2017; 265:
300-310. (PMID: 27429028) [Crossref]

Armani A, Borst J, Douglas, S. Goldharber N, Taj R, Blair SL. Intraoperative
margin trials in breast cancer. Curr Breast Cancer Rep. 2022; 14: 65-74.
[Crossref]

Hoekstra S, Stoller D, Raef H. Does gross margin examination reduce re-
excision rate in breast conservation for invasive carcinoma? CALLER review.
Eur | Breast Health. 2020; 16: 198-200. (PMID: 32656520) [Crossref|


https://www.doi.org/10.1016/j.breast.2024.103749
https://www.doi.org/10.1186/s12957-018-1488-1
https://www.doi.org/10.1371/journal.pone.0074028
https://www.doi.org/10.1016/j.surg.2024.109037
https://www.doi.org/10.1038/s41598-020-74373-6
https://www.doi.org/10.1097/SLA.0000000000001897
https://doi.org/10.1007/s12609-022-00450-6
https://www.doi.org/10.5152/ejbh.2020.5180

European Journal of

ORIGINAL ARTICLE BREAST HEALTH

DOI: 10.4274/ejbh.galen0s.2026.2025-11-11
Eur ] Breast Health 2026;22(3):285-293

Safety and Early Outcomes of Immediate Autologous Breast
Reconstruction in Advanced Breast Cancer: An Indian
Experience

® Meenu Jose', ® Shivani Sable’, ® Tabassum Wadasadawala’, ® Rajiv Sarin’, ® Rima Pathak?,
® Revathy Krishnamurthy', ® Shalaka Joshi?, ® Vinaykant Shankhdhar3, ® Dushyant Jaiswal3,
® Saumya Mathews3, ® Mayur Mantri3

1Tata Memorial Centre, Homi Bhabha National Institute, Department of Radiation Oncology, Mumbai, India
2Tata Memorial Centre, Homi Bhabha National Institute, Department of Surgical Oncology, Mumbai, India
3Tata Memorial Centre, Homi Bhabha National Institute, Department of Plastic and Reconstructive Surgery, Mumbai, India

ABSTRACT

Objective: Post-mastectomy breast reconstruction improves body image and quality of life for women with breast cancer. Most adverse events
emerge within the first 90 days and may contribute to long-term morbidity. This study prospectively evaluated the incidence and predictors of
early complications following immediate autologous breast reconstruction in women with locally advanced breast cancer.

Materials and Methods: Prospective data from a randomized controlled trial (CTRI/2017/01/007745) involving women undergoing immediate
autologous whole breast reconstruction were analysed. Breast and donor-site complications were recorded and graded using Clavien-Dindo
classification over 0-30 and 31-90 days. Univariate and multivariate analyses were performed to identify risk factors.

Results: Atotal of 160 patients were included. The mean age was37+7 years; body mass index (BMI) was 25.7+4.6; 25.6% had comorbidities. Deep
inferior epigastric perforator (DIEP) flaps accounted for 85% of reconstructions. Within 0-30 days, 45% developed primary-site complications;
33% developed donor-site complications. At 31-90 days, primary-site complications were reduced to 15%, and donor-site complications
to 13%. Re-exploration was required in 11%; however, no flap loss was observed. Univariate analysis showed age >37, BMI >25, diabetes,
multiple comorbidities, any comorbidity, and DIEP increased primary-site complication risk and BMI >25 and DIEP predicted donor-site events.
Multivariate analysis confirmed multiple comorbidities and DIEP as predictors of primary-site complications, while BMI >25 and DIEP predicted
donor-site complications. As DIEP flaps predominated, in our patients technique-based comparisons should be interpreted cautiously.

Conclusion: Immediate autologous whole-breast reconstruction in patients with advanced breast cancer undergoing multimodal therapy,
including intensive chemotherapy and radiotherapy, resulted in a high overall complication rate but no reconstructive failures, highlighting the
need for a selective, individualized approach with comprehensive preoperative counselling and shared decision-making.
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KEY POINTS

* Early complications were common but manageable, with no flap failures or delays in adjuvant treatment, underscoring clinical safety.

 Higher body mass index and multiple comorbidities emerged as the most significant predictors of postoperative complications.

* Immediate autologous breast reconstruction can be safely performed in selected patients with advanced breast cancer who are undergoing multimodal

therapy (chemotherapy and radiotherapy).

Introduction

While breast reconstruction has become widely accepted and
accessible in high-income countries (1), its adoption remains
limited in low- and middle-income countries (LMIC). For women
in LMICs the choice between breast conservation surgery and
mastectomy is often challenging. Limited knowledge about
the safety of breast-conserving surgery, financial barriers, and
concerns regarding the potential side effects of radiotherapy
often lead patients to favour mastectomy.

Ideally, every woman undergoing a mastectomy should be
offered options for breast reconstruction. However, lack of
expertise, lack of thorough knowledge about the nuances
of integration of local and systemic therapy, and lack of
preoperative counselling about surgical morbidity influence
patient confidence in making informed decisions. Early
complications (defined as within the first 90 days post-surgery)
can have an adverse effect on the long-term aesthetic outcome.
Identifying and managing perioperative complications is
therefore crucial to improving outcomes and enhancing patient
satisfaction and psychological recovery.

Immediate breast reconstruction (IBR) is a desirable option for
women undergoing mastectomy in LMIC setting (2). Identifying
risk factors for complications is crucial for optimizing patient-
reported outcomes. Identifying an individual at high-risk allows
health care providers to exercise caution when selecting patients
for reconstruction, to discuss reconstruction options with
patients and to tailor perioperative assessments.

This study aims to assess factors associated with complications
among patients undergoing immediate autologous breast
reconstruction at a resource-constrained LMIC referral centre.
It will provide an opportunity for shared decision-making
regarding surgical care for patients with locally advanced disease
who are receiving multimodality treatment including intensive
chemotherapy, targeted therapy, and radiotherapy.

Materials and Methods

The study was approved by Tata Memorial Centre
Ethics Committee-l (approval number: 1683, date:
12.05.2016) and registered in Clinical Trials Registry-India
(CTRI/2017/01/007745); the trial completed accrual between
2016 and 2024. The trial accrued patients with invasive
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breast cancer who underwent immediate autologous whole-
breast reconstruction following mastectomy and were
randomized to receive adjuvant radiotherapy with either
conventional fractionation (50 Gy in 25 fractions) or moderate
hypofractionation (40 Gy in 15 fractions). This article evaluates
90-day surgical complications among patients enrolled in this
trial, assessing both the reconstructed breast and the donor
site; this assessment is one of the trial’s secondary endpoints.

Study Population

Patients diagnosed with locally advanced invasive breast cancer
(stage I1-1V, oligometastatic disease treated with curative intent)
who were planned for mastectomy followed by immediate
autologous whole-breast reconstruction were accrued at a single
centre for this open-label randomised controlled trial.

Surgical Details

Primary autologous reconstruction is preferred amongst our
cohort of patients due to various factors such as extent of skin
resection, cost of a staged procedure, distance from place of
treatment etc. The body morphology of South Asian patients
makes the lower abdomen a favourable donor site for autologous
reconstruction. Hence, most of our patients undergo the deep
inferior epigastric perforator (DIEP) flap reconstruction. Other
donor sites are evaluated only when the abdominal donor site
is inadequate or the patient is nulliparous. None of the patients
had an implant-based reconstruction.

Data Collection

Demographic, clinical, and treatment data for all patients
were maintained prospectively. Demographics included age,
comorbidities, and body mass index (BMI). Surgical variables
included flap type, pedicle status, flap weight, and reconstruction
time. The incidence and severity of morbidity at the recipient
and donor sites were recorded separately for all patients. All
events, regardless of severity, were captured independently
during 0-30 days and 31-90 days. Patients who experienced
multiple complications were identified, and the percentage of
each complication type was calculated separately for both the
recipient and donor sites. Complications at recipient and donor
sites were recorded for the 0-30-day and 31-90-day periods, and
cumulative complication rates were reported for the entire 90-
day postoperative period.
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Definition of Surgical Morbidity

Surgical morbidity was assessed using the Clavien-Dindo
scoring system based on the type and severity of intervention
required to manage them (3). The Clavien-Dindo classification
categorizes complications into five grades (I-V): Grade |
represents complications requiring only medical treatment
(antiemetics, antipyretics, analgesics, diuretics, electrolytes,
and physiotherapy); grade Il refers to complications requiring
pharmacological treatment (drugs other than those used
for grade 1); grade Il involves complications requiring
surgical, endoscopic, or radiological intervention(llla for local
anaesthesia and Illb for general anaesthesia); grade IV refers
to life-threatening complications requiring intensive care; and
grade V indicates death. Complications of breast surgery include
seroma, wound infection, necrosis, and bleeding. If multiple
complications developed in a single patient, the worst grade was
recorded.

Follow-up Schedule

All scheduled and unscheduled visits within 90 days of surgery
were captured, and the reasons were recorded. All events
of readmissions and reoperations for the management of
complications at both the recipient and donor sites were
captured and grouped into three time points: 0-30 days, 30-90
days, and 0-90 days.

Statistical Analysis

Descriptive statistics were used to summarize demographic
and clinical characteristics, as well as postoperative outcomes.
Continuous variables were summarized using mean and
standard deviation, whereas categorical variables were expressed
as frequencies and percentages. The incidence data for various
complications for 0-30 days, 30-90 days, and 0-90 days were
reported separately for the recipient and donor sites.

Univariate and multivariate logistic regression analyses
were conducted over the 0-90-day period to identify factors
associated with wound-related complications. Odds ratios (OR),
95% confidence intervals, and p-values were reported. Variables
with p<0.2 in univariate analysis were included in multivariate
models to adjust for confounders. All analyses were carried out
using R version 4.5.0.

Results

A total of 160 patients were analysed. The demographic and
clinical characteristics are summarized in Table 1. The mean
age of the patients was 37£7 years, and the mean BMI was
25.65+4.59. Twelve patients (7.5%) had multiple comorbidities,
with hypertension and diabetes being the most common. The
types of flaps included DIEP flap, transverse rectus abdominis
myocutaneous flap, anterolateral thigh flap, and latissimus

dorsi flap. The majority (85%) of patients underwent IBR using
the DIEP-flap. All patients who received chemotherapy and
targeted therapy in the form of neoadjuvant and/or adjuvant
treatment and adjuvant radiotherapy had locally advanced
disease. Most patients had T3-T4 disease (72.5%). Neoadjuvant

Table 1. Demographic data

; Overall
Demographics (number/percent)
Age (mean SD) 373471

Comorbidities*®

No comorbidities 119 (74.3%)

Diabetes mellitus 17 (10.6%)

Hypertension 14 (8.75%)

Tuberculosis 6 (3.75%)
Thyroid disorders 20 (12.5%)
Bronchial asthma 2 (1.25%)
BMI

Normal weight (18.5-24.9) 77 (48.2%)
Overweight (25.0-29.9) 58 (36.2%)
Obese (>30) 25 (15.6%)
Laterality

Right 76 (47.5%)
Left 84 (52.5%)
T stage

T1,12 44 (27.5%)
T3,T4 116 (72.5%)
Chemotherapy

Neoadjuvant chemotherapy 83 (51.9%)

Surgery between 2 regimens of chemotherapy | 57 (35.6%)

Adjuvant chemotherapy 20 (12.5%)

Type of reconstruction

DIEP* 136 (85%)

LD* flap 13 (8.1%)
Others** 11 (6.9%)
Pedicle status, n (%)

Single pedicle 146 (91.2%)
Bipedicle 14 (8.8%)

Flap weight (grams) (mean % SD) 7041244
Reconstruction time (mean + SD) g?rﬁqurminutes

*includes patients with multiple comorbidities, hence the total number of
complications do not sum up to the total number of patients.

**others included flaps based on TRAM, superior gluteal artery based, and ALT
flap

#: DIEP: Deep inferior epigastric perforator; LD: Latissimus dorsi; BMI: Body mass
index; SD: Standard deviation; TRAM: Transverse rectus abdominus myocutaneous
flap; ALT: Anterolateral thigh
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chemotherapy (NACT) was offered to 83 (51.9%) patients,
adjuvant chemotherapy to 20 (12.5%), and surgery was
performed between the two regimens in 57 (35.6%) patients.
Patients received various chemotherapy regimens, most
commonly anthracycline-cyclophosphamide combinations
followed by taxane-based therapy, administered in the
neoadjuvant and/or adjuvant settings. In human epidermal
growth factor receptor 2-positive patients, trastuzumab was
added to the taxane regimen, whereas in those with triple-
negative breast cancer, platinum agents were combined with
taxanes. In patients receiving NACT (n = 83), 79 (95%) started
radiotherapy within 90 days of surgery, with a median time
to radiotherapy of 50 days [interquartile range (IQR) 40—64].
In the remaining 4 patients, radiotherapy was delayed by
more than 90 days. Two of them had wound complications;
one reported late for radiotherapy; and one developed local
chest wall recurrence. Among patients receiving adjuvant
chemotherapy, all started chemotherapy within 90 days post-
surgery, with a median of 28 days (IQR: 21-42). For these
patients, the median time from the last chemotherapy cycle
to initiation of radiotherapy was 29 days (IQR: 21-38.5). The
distribution of dose fractionation was 48.5% in the conventional
arm and 49.4% in the test arm. Three patients did not receive
radiotherapy because they developed metastatic disease.

Morbidity at the Primary Site

During the 0-30-day period, flap complications occurred in
72 patients (45%), decreasing to 15% in the 31-90-day period.
Overall, in the 0-30-day period, the most frequent complication
was wound infection (n = 53, 73.6%). The majority (n = 46,
87%) of wound infections were classified as Clavien-Dindo
grade Il complications, and one was a grade IV complication.
Partial necrosis was seen in 23 patients (31.9%), and seroma in
16 patients (22%). Twelve patients had multiple complications,
including infection, seroma, and necrosis. In the 31-90-day
period, 24 patients (15%) reported complications. Wound
infection remained the most common complication (83.3%)
(Table 2).

Duringtheinitial 30-day postoperative period, 10 (6.25%) patients
required readmission primarily due to wound infections; an
additional 8 (5.0%) patients required readmission between days
31 and 90, also predominantly for wound infections (Table 3).
In nine patients, infections were caused by Methicillin-resistant
Staphylococcus aureus (MRSA), with three of them also showing
growth of other organisms, such as Klebsiella, Pseudomonas,
and Enterobacter. The rest of the patients had non-MRSA
growth. Additionally, eighteen patients (11.25%) required re-
exploration on the first post-operative day, primarily due to
venous insufficiency, but there were no flap failures. Overall,
complications were more frequent and more severe in the early
period. The overall complication rate at the primary site during
the 0-90-day period was 46.8% (75 patients), of which 93.4%
were grade Il (Table 3).

Morbidity at the Donor Site

Donor site complications occurred in 52 patients (32.5%) during
the initial 30 days, decreasing to 21 patients (13.8%) in the
31-90-day period. Wound infection was the most common
complication at the donor site during both the 0-30-day and
31-90-day postoperative periods (Table 4). Five patients had
multiple complications, including a combination of infection,
seroma, and necrosis. Only 8 (5%) patients required readmission
in the 0-30 days, and 6 (3.7%) patients required readmission in
the 31-90 days for donor-related complications. Infection with
MRSA was the most common reason for readmission in both
periods. The overall complication rate was 36.8% (59 patients)
during the 0-90-day period; 86.4% were grade IlI (Table 3).

Univariate Analysis

The factors analysed included age, BMI, obesity, presence of
diabetes mellitus, other comorbidities, type of chemotherapy
regimen, and reconstruction technique. Patients older than 37
had significantly higher odds of primary site complications (OR =
2.22, p =0.014) compared with younger patients. Higher BMI >25
(OR = 2.06, p = 0.025), presence of diabetes alone (OR = 3.05, p
= 0.046) or multiple comorbidities (OR = 3.67, p = 0.018) or any
comorbidity (OR=2.48, p=0.015) was associated with increased

Table 2. Morbidity at primary site

. . Wound infection Necrosis Seroma
Clavien-Dindo grade*
0-30d (n, %) 31-90 d (n, %) 0-30d(n,%) | 31-90d (n,%) | 0-30d(n,%) | 31-90d (n, %)

Grade | 3(5.7) 14.2) 2(8.7) 1(25) 4 (25) 0(0)

Grade Il 3(5.7) 3(12.5) 1(4.35) 0(0) 0(0) 0(0)

Grade llla 38 (71.7) 15 (62.5) 15 (65.2) 3 (75) 10 (62.5) 2 (100)

Grade Il1b 8 (15) 5(20.8) 4(17.4) 0(0) 2(12.5) 0(0)

Grade IV 1(1.9) 0(0) 1(4.35) 0(0) 0(0) 0(0)

Total cases 53 (100) 24 (100) 23 (100) 4 (100 16 (100) 2(100)

*Includes patients with multiple conditions such as wound infection, necrosis, seroma reported as per worst grade
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complications. Non-DIEP reconstruction was associated with a
lower OR for developing complications (OR = 0.32, p = 0.025).
For donor site, higher BMI >25 was significantly associated with
increased complication rate (OR = 2.56, p = 0.005) and non-DIEP
reconstructions had lower OR for complication rate (OR = 0.25,
p = 0.017). Age >37, the presence of multiple comorbidities or
any comorbidity, and NACT were associated with an increased
risk of complications, but the associations were not statistically
significant (Table 5 and Table 6).

Multivariate Analysis

At the primary site, the presence of multiple comorbidities and
DIEP reconstruction were significantly associated with higher
complication rates on multivariate analysis. At the donor site,
higher BMI and DIEP reconstruction were significantly associated

Table 3. Breast and donor site complications 0-90 days
Complications Breast (N-75)* | Donor site (N-59)*
Wound infection 68 (42.4%) 69 (43.1%)
Seroma 18 (11.3%)

Necrosis 22 (13.75%) 2 (1.2%)
Hematoma - 2 (1.2%)
Clavien-Dindo grading®

Grade | 1(1.3%) 2(2.7%)

Grade Il 4 (5.3%) 6 (8%)

Grade Illa 59 (78.7%) 44 (58.7%)
Grade lllb 11 (14.7%) 7 (9.3%)

Grade IV 1(1.3%) 1(1.6%)
Re-exploration day 1 18 (11.25%) 2(1.2%)
Re-admission

0-30 days 10 (6.25%) 8 (5%)

31-90 days 8 (5%) 6 (3.7%)

*Due to the occurrence of multiple complications in some patients, the total
number of complications do not sum up to the total number of patients.

#: For patients with multiple complications, a higher Clavien-Dindo grade is
assigned based on the most severe complication

with higher complication rates (Table 5 and Table 6). As DIEP
flaps constituted the majority of reconstructions (85%), the non-
DIEP comparison group was relatively small and heterogeneous,
which may limit the robustness of technique-based comparisons.

Discussion and Conclusion

Despite the well-recognized benefits of breast reconstruction,
uptake remains low in India and similar LMIC settings. A
previous study from our institution reported an acceptance rate
of only 27% and showed that the interest of patients in delayed
reconstruction was low (2). A Central India survey of 192 patients
found that none opted for post-mastectomy reconstruction
over two years, preferring to avoid additional surgery despite
its psychological benefits (4). Additionally, considering limited
resources, expertise, and costs, there was a preference for
immediate autologous reconstruction over implant-based
reconstruction.

In LMIC contexts, perioperative complications after whole breast
reconstruction carry greater implications—disrupting cancer
adjuvant treatment schedules, affecting body image, increasing
healthcare costs, and potentially straining limited resources.
Documentation of complications is, therefore, a critical quality-
of-care measure. To our knowledge, this is the only prospective
Indian study with a reasonable sample size to evaluate early
surgical complications at both flap and donor sites after
immediate autologous reconstruction in patients with locally
advanced breast cancer receiving multimodality treatment in
the form of chemotherapy and radiotherapy and to identify
risk factors. Previous Indian studies, both prospective (5) and
retrospective (6), had much smaller cohorts and did not analyse
risk factors.

In the present study, complications of the reconstructed breast
occurred in 46.8% of patients , and donor-site complications
occurred in 36.8% of patients, within 90 days. These rates fall
within the upper range of those reported in international
series of immediate autologous breast reconstruction, in which

Table 4. Morbidity at donor site

Wound infection Necrosis Seroma Hematoma
Clavien-Dindo grade™ | ¢_3 g 31-90d  0-30d  31-90d  0-30d  31-90d 0-30d 31-90d

(n, %) (n, %) (n, %) (n, %) (n, %) (n, %) (n, %) (n, %)
Grade | 7(12.1) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Grade Il 6(10.3) 3(11.1) 0(0) 0(0) 1(33.3) 0(0) 0(0) 0(0)
Grade llla 36 (62.0) 19 (70.4) 1(50) 0(0) 2 (66.7) 0(0) 0(0) 0(0)
Grade Illb 8(13.9) 5(18.5) 1(50) 0(0) 0(0) 1(100) 2 (100) 0(0)
Grade IV 1(1.7) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Total cases 58 (100) 27 (100) 2 (100) 0 (100) 3 (100) 1(100) 2 (100) 0 (100)
*Combined complications include patients with multiple conditions such as wound infection, necrosis, seroma reported as per worst grade

289




Jose et al.

Safety and Early Outcomes of Immediate Autologous Breast Reconstruction in Advanced Breast Cancer

Eur | Breast Health
2026;22(3):285-293

overall complication rates of approximately 30-40% have been
reported (7-9).

Wound infection was the most frequent complication in this
study, accounting for the majority of early adverse events. The
observed infection rate 42% at primary site, 43% at donor site
was higher than that reported in large Western prospective
cohorts such as the Mastectomy Reconstruction Outcomes
Consortium, where infection rates of approximately 4-10% have
been documented (8, 9). This difference is likely multifactorial
and may reflect the higher prevalence of obesity and diabetes
in our population, the advanced stage of disease requiring more
frequent use of NACT, and differences in perioperative and post-
discharge wound care practices. Similar associations between

metabolic comorbidities and increased infection risk have been
consistently reported in prior studies (10-13). The rates of partial
flap necrosis and seroma formation observed were comparable
to those reported in other microsurgical breast reconstruction
series, where minor necrosis and seroma were among the most
frequent non-infectious adverse events (7, 14).

Re-exploration was required in 11.2% of patients, most
commonly due to venous insufficiency. This rate is comparable
to published microsurgical series reporting re-exploration rates
between 7% and 12% (14, 15). Beugels et al. (14) reported a lower
re-exploration rate of approximately 7% in their retrospective
cohort of DIEP flap reconstructions. Emergency re-exploration
has been shown to be associated with a higher risk of subsequent

Table 5. Univariate and multivariate analysis for complications at primary site at 0-90 days

Characteristic n Event n UnLvariate . p-value Multivariate* p-value
OR* (95% Cl*) OR* (95% CI*)

Age

<37 (ref) 87 33 - - - -

>37 73 42 2.22 (1.18-4.22) 0.014 1.93 (1.00-3.80) 0.053
BMI

<25 (ref) 77 29 - - - -

>25 83 46 2.06 (1.10-3.90) 0.025 - -
Obesity (BMI >30)

No (ref) 137 65 - - - -

Yes 23 10 0.85 (0.34-2.07) 0.724 - -
Diabetes mellitus

No (ref) 143 63 - - - -

Yes 17 12 3.05 (1.07-9.99) 0.046 - -
Multiple comorbidities

No (ref) 41 61 - - - -

Yes 19 14 3.67 (1.33-11.9) 0.018 3.56 (1.16-12.8) 0.035
Any comorbidity

No (ref) 119 49 - - - -

Yes 41 26 2.48 (1.20-5.25) 0.015 - -
Neoadjuvant chemotherapy received

No (ref) 20 8 - - - -

Yes 140 67 1.38 (0.54-3.71) 0.511 - -
Chemotherapy regimen

Neoadjuvant (ref) 83 42 - - - -
Sandwich 57 25 0.76 (0.39-1.50) 0.433 - -
Adjuvant 20 8 0.65 (0.23-1.74) 0.396 - -
Type of reconstruction

DIEP* (ref) 136 69 - - - -
Other flaps 24 6 0.32(0.11-0.82) 0.025 0.28 (0.09-0.73) 0.014

*OR: 0dds ratio; Cl: Confidence interval; BMI: Body mass index

#: DIEP: Deep inferior epigastric perforator
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Table 6. Univariate and multivariate analysis for complications at donor site at 0-90 days.
Characteristic n Event n UnLvariate « p-value Multivariate* p-value
OR* (95% CI*) OR* (95% Cl*)

Age
<37 (ref) 87 30 - - - -
>37 73 34 1.66 (0.88-3.15) 0.121 - -
BMI
<25 (ref) 77 22 - - - -
>25 83 42 2.56 (1.34-4.99) 0.005 2.25(1.16-4.47) | 0.018
Obesity (BMI >30)
No (ref) 137 55 - - - -
Yes 23 9 0.96 (0.38-2.34) 0.927 - -
Diabetes mellitus
No (ref) 143 54 - - - -
Yes 17 10 2.35(0.85-6.83) 0.101 - -
Multiple comorbidities
No (ref) 41 53 - - - -
Yes 19 11 2.28(0.87-6.24) 0.096 2.44(0.88-7.22) | 0.092
Any comorbidity
No (ref) 119 43 - - - -
Yes 41 21 1.86 (0.91-3.83) 0.091 - -
Neoadjuvant chemotherapy received
No (ref) 20 6 - - - -
Yes 140 58 1.65 (0.62—4.89) 0.333 - -
Chemotherapy regimen
Neoadjuvant (ref) 83 33 - - - -
Sandwich 57 25 1.18 (0.60-2.35) 0.629 - -
Adjuvant 20 6 0.65 (0.21-1.80) 0.421 - -
Type of reconstruction
#DIEP (ref) 136 60 - - - -
Other flaps 24 4 0.25(0.07-0.71) 0.017 0.26 (0.07-0.78) | 0.025
*0R: Odds ratio; Cl: Confidence interval, BMI: Body mass index
#: DIEP: Deep inferior epigastric perforator

postoperative infection, which may partially explain the infection Donor-site morbidity occurred in 36.8% of patients,

burden observed in our study (16).

Notably, no cases of total flap loss were observed in the
present cohort. This finding aligns with contemporary reports
demonstrating flap survival rates exceeding 95% in experienced
centres (15, 17). The absence of flap loss is particularly reassuring
given the high-risk nature of this population, characterized by
locally advanced disease and exposure to chemotherapy and
radiotherapy. This underscores the importance of meticulous
microsurgical technique, close postoperative monitoring, and
early intervention when vascular compromise is suspected.

predominantly due to wound infection and seroma formation.
This pattern mirrors finding of multi-institutional studies of
abdominally based free flaps, where donor-site complications
range from 20-40% and are strongly influenced by BMI and
metabolic comorbidities (18-20). Our early donor-site infection
rate (8.1% within 30 days) falls within the range reported in
contemporary series (20).

Higher BMI and multiple comorbidities emerged as independent
predictors of postoperative morbidity in our study. This
observation is consistent with a substantial body of literature
demonstrating obesity and diabetes as major risk factors for both
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recipient- and donor-site complications following autologous
breast reconstruction (10-13, 18, 19). Although abundant donor
tissue may be technically advantageous in obese patients (12),
our data suggest that when BMI exceeds 25 kg/m?, the risk of
postoperative complications rises significantly. These findings
reinforce the importance of incorporating patient-related risk
factors into preoperative counselling and shared decision-
making.

Chemotherapy sequencing remains an important consideration
in LMIGCs, where high patient volumes and limited operating
room availability may lead to unavoidable delays in surgical
scheduling. Our study found no increased complication risk with
neoadjuvant or adjuvant chemotherapy, aligning with some but
not all literature (15, 21, 22).

Compared to Western data, our patient population is younger
(mean age 37 vs. 47-53 years) (8, 9, 23), with locally advanced
disease, has exclusively undergone immediate autologous
reconstruction, and presents a different comorbidity profile.
In contrast, implant-based reconstruction is the dominant
approach in high-income countries (1, 8, 9).

Globally, pooled data suggest that reconstruction increases
surgical complications compared with mastectomy alone
(24). Our planned matched-pair analysis will compare 90-day
morbidity between patients undergoing mastectomy alone and
those undergoing mastectomy with reconstruction in India.

Study Limitations

While our prospective single-centre design strengthens the
validity of the findings, limitations include a modest sample
size and the absence of a mastectomy-only comparator group.
Additionally, the association between DIEP reconstruction and
higher complication rates should be interpreted cautiously,
given the marked predominance of DIEP flaps and the small,
heterogeneous non-DIEP subgroup. The observed association
may be confounded by factors such as case complexity, higher
BMI, and multiple comorbidities. Nonetheless, our results
provide valuable region-specific data, informing clinicians and
patients about the morbidity profile of immediate autologous
breast reconstruction in an Asian LMIC context. The findings
highlight the need for individualized patient counselling,
optimization of comorbidities, and improved perioperative care
pathways-essential for the safe adoption of reconstruction in
resource-constrained environments.

Although there was no flap loss or delay in adjuvant therapy, the
high overall complication rate highlights the need for a selective,
individualized approach, with comprehensive preoperative
counselling and shared decision-making. These complication rates
should be interpreted in the context of multimodal oncologic
treatment, including radiotherapy and chemotherapy. Higher BMI
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and comorbidities emerged as key predictors of post-operative
morbidity, underscoring the importance of careful patient selection.
Taken together, these findings support the short-term surgical safety
of immediate autologous whole-breast reconstruction in patients
with advanced breast cancer who are undergoing multimodal
therapy in low- and middle-income settings.
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ABSTRACT

Objective: Achieving clear margins in breast-conserving surgery (BCS) can result in significant tissue loss, particularly in women with small
breast volumes or large tumours. Oncoplastic BCS aims to ensure an oncologically safe resection with superior cosmetic outcomes. Chest
wall perforator flaps (CWPFs) offer a muscle-sparing, volume-replacement option in BCS. This study reports a single-centre, single-surgeon
experience using CWPFs for partial breast reconstruction.

Materials and Methods: A retrospective cohort study was conducted, including all women who underwent wide local excision followed by
reconstruction with a CWPF between 2023 and 2025. Demographic, tumour, treatment, and outcome variables were collected from electronic
records.

Results: Fifty-five patients (median age 52) underwent CWPF reconstruction, most commonly with lateral intercostal artery perforator flaps (n =
48, 87.3%). Two (n = 2, 3.6%) patients had wound breakdown postoperatively, requiring return to theatre for re-suturing. Our margin re-excision
rate was 9.1% (n = 5), and 3.6% of patients (n = 2) required completion mastectomy because final histology identified more extensive disease
than preoperative imaging had indicated. No partial or complete flap losses were observed. Two patients (n = 2, 3.6%) required secondary
lipofilling sessions for aesthetic purposes.

Conclusion: CWPFs are a reliable, safe, and aesthetically favourable option for partial breast reconstruction, particularly in women with small
to moderate breast volumes and minimal ptosis. Rates of complications, flap loss, and re-excision were low and comparable to those reported
in the existing literature. Further prospective multi-centre studies that include patient-reported outcomes are warranted to assess long-term
satisfaction.
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Chest Wall Perforator Flaps in Partial Breast Reconstruction: Single-Center Experience

KEY POINTS

* Chest wall perforator flaps (CWPFs) are an oncologically safe and an aesthetically favourable option for partial breast reconstruction.

* In women with small-to-moderate breast volumes and minimal ptosis, we report low complication rates.

* Most complications are managed non-operatively.

* The use of CWPF can avoid symmetrizing surgery.

Introduction

Achieving oncologically safe margins in breast cancer surgery
often necessitates the removal of a considerable volume of breast
tissue, which can lead to postoperative deformities, particularly
in women with small breasts or large tumours. Breast-
conserving surgery (BCS) has become the standard approach for
early-stage breast cancer, aiming to maintain breast aesthetics
while ensuring comparable oncological safety to mastectomy,
especially when combined with adjuvant radiotherapy (1-3).

The advent of oncoplastic BCS (OPBCS) has expanded the
potential for breast preservation following wide local excision. By
integrating plastic surgical principles, OPBCS allows for improved
cosmetic outcomes without compromising oncological safety (3-
10). These procedures can be broadly categorized into volume
displacement techniques, such as therapeutic mammoplasty,
and volume replacement techniques utilizing local or regional
autologous tissue flaps (6).

In patients with small breast volumes, excision of more than 20%
of breast tissue often results in unsatisfactory cosmetic outcomes,
making volume displacement techniques less suitable. In such
cases, volume replacement approaches offer distinct advantages
by restoring the breast’s contour and volume while minimizing
the need for contralateral symmetrizing procedures (10, 11). One
effective strategy involves the use of chest wall perforator flaps
(CWPFs). Their use is secondary to advances in understanding
of the chest wall vascular anatomy; this has facilitated the
development of several muscle-sparing reconstructive options
based on perforator vessels. First described by Hamdi et al. (12),
CWPFs are fascio-adipo-cutaneous pedicled flaps that preserve
muscle integrity while providing reliable tissue coverage. Variants
of CWPFs now include the thoracodorsal artery perforator (TDAP),
lateral intercostal artery perforator (LICAP), lateral thoracic artery
perforator (LTAP), anterior intercostal artery perforator (AICAP),
and medial intercostal artery perforator (MICAP) flaps (9, 12, 13).

This is a single-centre, single-surgeon experience which aims
to report outcomes of CWPFs in partial breast reconstruction,
contributing to the current literature by extending our
understanding of the utility, safety, and efficacy of CWPFs in
breast-conserving surgery.

Materials and Methods
Study Design, Participants and Data Collection

This single-centre, retrospective cohort study included all women
who underwent surgery for breast cancer, involving a wide
local excision followed by breast reconstruction using a CWPF,
performed by a single surgeon between 2023 and 2025. Patient
details were retrieved from the hospital electronic patient record
system, and relevant clinical data were extracted from clinic
letters, operation notes, radiology and histology reports, and
multidisciplinary team outcomes. This study is exempt from
ethical approval due to the observational retrospective nature
of the study design.

The study is registered with the hospital’s Clinical Effectiveness
Team (ID 3392).

The collected variables included patient demographics [age,
smoking status, medical comorbidities, body mass index (BMI),
bra size, cup size, presence or absence of ptosis], tumour factors
[laterality, location, focality, histology, radiological dimensions,
estrogen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2) status], treatment
factors (type of flap, neoadjuvant and/or adjuvant treatment,
lymph node procedures, gross tumour size, use of intra-operative
drains), and, finally, outcome measures (complications, return
to theatre, completion mastectomy rates, need for margin
re-excision, and recurrence). Patients were followed up in a
consultant-led clinic after the procedure; furthermore, our
oncological surveillance is in line with the current follow-up
policy set by the UK National Health Service. Patients receive
annual bilateral mammograms for at least the first five years,
followed by reversion to the 3-yearly National Health Screening
programme for women aged 50-70.

Surgical Technique

All operations were performed by a single oncoplastic breast
consultant surgeon. Chest wall perforator vessels were
identified using a handheld Doppler device preoperatively.
Cases were either performed as a single-stage procedure
following wide local excision (Table 1) or performed following
a previous wide local excision (WLE) necessitating further
margin re-excision and reconstruction with CWPF (Table
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Table 1. Summarizes baseline demographics and clinical characteristics by flap type.
as median (IQR), and categorical variables are summarised as n (%)

Continuous variables are summarised

[median (IQR)]

. AICAP LTAP
Variable Group '(I":)t:alss) (L,:c;“:s) (n=2) P’/I1I£A3P) (n=2) p-value
Presentation Symptomatic | 29 (52.7%) 25 (52.1%) 1(50.0%) 1(33.3%) 2 (100.0%) 0.939
Screening 26 (47.3%) 23 (10.4%) 1 (50.0%) 2 (66.7%) 0(0.0%) 0.939
Age [median (IQR)] 52.0 (45.5,58.0) | 52.0 (45.0,58.0) 59.5(55.8, 63.2) | 57.0 (52.0,59.5)  43.5(41.2,45.8) 0.317
(Ef('\)"é)'](g/ m? [median 272(246,322) | 280(245,325) | 297 (27.4,32.0) 26.6(24.9,29.1) 250 (24.9,25.1) | 0.722
Comorbidities Yes 21 (38.2%) 19 (39.6%) 2 (100.0%) 0(0.0%) 0(0.0%) 0.095
No 34 (61.8%) 29 (60.4%) 0 (0.0%) 3 (100.0%) 2 (100.0%)
Smoking Yes 6(10.9 %) 6 (12.5%) 0 (0.0%) 0(0.0%) 0(0.0%) 0
No 49 (89.1 %) 42 (87.5%) 2 (100.0%) 3 (100.0%) 2 (100.0%)
Bra size [median (IQR)] 36.0 (34.0,38.0) | 36.0(34.0,38.0) | 37.0(36.5,37.5) 34.0(34.0,35.0) 34.0(34.0,34.0)  0.302
Cup size A 2 (3.6% 2 (4.2%) 0/(0.0%) 0(0.0%) 0 (0.0%) 0.954
B 12 (21.8%) 9 (18.8%) 1 (50.0%) 2 (66.7%) 0(0.0%)
C 17 (30.9%) 17 (31.3%) 0/(0.0%) 0 (0.0%) 0(0.0%)
D 17 (31%) 14 (33.2%) 1 (50.0%) 0(0.0%) 2 (100.0%)
DD 4(7.3%) 3 (6.2%) 0 (0.0%) 1(33.3%) 0(0.0%)
E 1(1.8%) 1(2.1%) 0 (0.0%) 0 (0.0%) 0(0.0%)
F 1(1.8%) 1(2.1%) 0 (0.0%) 0(0.0%) 0(0.0%)
G 1(1.8%) 1(2.1%) 0 (0.0%) 0 (0.0%) 0(0.0%)
Ptosis No 23 (41.8%) 20 (41.7%) 1 (50.0%) 2 (66.7%) 0 (0.0%) 0.292
1 24 (43.6%) 20 (41.7%) 1 (50.0%) 1(33.3%) 2 (100.0%)
2 5 (9.1%) 5 (10.4%) 0 (0.0%) 0 (0.0%) 0(0.0%)
3 3 (5.5%) 3 (6.2%) 0 (0.0%) 0(0.0%) 0(0.0%)
Tumour factors
Side Left 29 (52.7%) 25 (52.1%) 1 (50.0%) 2 (66.7%) 1(50.0%) 0.968
Right 26 (47.3%) 23 (47.9%) 1 (50.0%) 1(33.3%) 1(50.0%)
Histology NST 32 (58.2%) 28 (58.3%) 1 (50.0%) 2 (66.7%) 1(50.0%) 0.002
IDC 8 (14.5%) 7 (14.6%) 1 (50.0%) 0(0.0%) 0(0.0%)
LGDCIS 3 (5.5%) 3 (6.2%) 0 (0.0%) 0(0.0%) 0(0.0%)
ILC 8 (14.5%) 8(16.7%) 0 (0.0%) 0 (0.0%) 0(0.0%)
HGDCIS 3 (5.5%) 2 (4.2%) 0 (0.0%) 1(33.3%) 0(0.0%)
Lais 1(1.8%) 0(0.0%) 0 (0.0%) 0/(0.0%) 1(50.0%)
Focality Multifocal | 22 (40.0%) 20 (41.7%) 1 (50.0%) 0(0.0%) 1(50.0%) 0.873
Unifocal 33 (60.0%) 28 (58.3%) 1 (50.0%) 3 (100.0%) 1(50.0%)
Quadrant uoQ 45 (81.8%) 42 (87.5%) 1 (50.0%) 0(0.0%) 2(100.0%) 0
LOQ 5(9.1%) 5 (10.4%) 0(0.0%) 0(0.0%) 0(0.0%)
LIQ 5 (9.1%) 1(2.1%) 1 (50.0%) 3 (100.0%) 0/(0.0%)
uIQ 0 (0.0%) 0(0.0%) 0 (0.0%) 0 (0.0%) 0(0.0%)
Radiological
dimensions (mm) 25.0(22.0,33.5) | 25.5(22.0,32.8) | 25.0(25.0,25.0) 18.0(14.5,27.0)  38.0(33.0,43.0) 0.465
[median (IQR)]
Tumour size (mm) 33.0(24.0,50.5) | 31.5(24.0,50.2) | 35.0 (27.5,42.5)  38.0 (19.0,42.0) 58.0 (57.0,59.0) 0.3

296




Eur | Breast Health Burhamah et al.
2026;22(3):294-306 Chest Wall Perforator Flaps in Partial Breast Reconstruction: Single-Center Experience

Table 1. continued
Variable Group TOt_aI LICi\P AICAP MIEAP LTAP p-value
(n=55) (n = 48) (n=2) (n=3) (n=2)

Specimen weight (g) 63.0 63.4 105.5 27.7 97.5 0.513

[median (IQR)] (34.6, 105.0) (35.2,100.5) (70.2,140.8) (25.4,48.9) (69.7,125.2)

ER Yes 50 (90.9%) 44 (91.7%) 2 (100.0%) 2 (66.7%) 2 (100.0%) 0.463
No 5(9.1%) 4 (8.3%) 0 (0.0%) 1(33.3%) 0 (0.0%)

PR Yes 50 (90.9%) 44 (91.7%) 2 (100.0%) 2 (66.7%) 2 (100.0%) 0.463
No 5(9.1%) 4 (8.3%) 0 (0.0%) 1(33.3%) 0 (0.0%)

HER2 No 48 (87.3%) 41 (85.4%) 2 (100.0%) 3 (100.0%) 2 (100.0%) 0.76
Yes 7 (12.7%) 7 (14.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Treatment factors

flgg‘ary vs.secondary | puoo flap | 50 (90.9%) 44 (91.7%) 2 (100.0%) 2 (66.7%) 2 (100.0%) 0.463
fslgcpondary 5 (9.1%) 4 (8.3%) 0 (0.0%) 1(33.3%) 0 (0.0%)

NACT No 50 (90.9%) 43 (89.6%) 2 (100.0%) 3 (100.0%) 2 (100.0%) 0.849
Yes 5(9.1%) 5 (10.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Primary node surgery | SLNB 36 (65.4%) 31 (64.6%) 2 (100.0%) 2 (66.7%) 1(50.0%) 0.626
ANC 16 (29.1%) 15 (31.2%) 0 (0.0%) 0 (0.0%) 1 (50.0%)
None 3 (5.5%) 2 (4.2%) 0 (0.0%) 1(33.3%) 0 (0.0%)

Radiotherapy Yes 49 (89.1%) 43 (89.6%) 1(50.0%) 3 (100.0%) 2 (100.0%) 0.288
No 6 (10.9%) 5 (10.4%) 1(50.0%) 0 (0.0%) 0 (0.0%)

Chemotherapy No 46 (83.6%) 40 (83.3%) 2 (100.0%) 3(100.0%) 1 (50.0%) 0.451
Yes 9 (16.4%) 8(16.7%) 0 (0.0%) 0 (0.0%) 1 (50.0%)

ET Yes 46 (83.6%) 40 (83.3%) 2 (100.0%) 2 (66.7%) 2 (100.0%) 0.702
No 9 (16.4%) 8 (16.7%) 0 (0.0%) 1(33.3%) 0 (0.0%)

Drain No 51 (92.7%) 44 (91.7%) 2 (100.0%) 3 (100.0%) 2 (100.0%) 0.89
Yes 4 (7.3%) 4 (8.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Sﬁﬁ‘g’é‘r‘j/ary nodal ANC 4(7.3%) 4 (8.3%) 0 (0.0%) 0(0.0%) 0 (0.0%) 1

Outcomes

Margin re-excision No 50 (90.9%) 44 (91.7%) 2 (100.0%) 2 (66.7%) 2 (100.0%) 0.63
Yes 5(9.1%) 4 (8.3%) 0 (0.0%) 1(33.3%) 0 (0.0%)

Completion No 53 (96.4 %) 47 (97.9%) 2(100.0%) 3 (100.0%) 1(50.0%) 0.118

mastectomy
Yes 2 (3.6%) 1(2.1%) 0 (0.0%) 0 (0.0%) 1 (50.0%)

Complications No 46 (83.6%) 41 (85.4%) 2 (100.0%) 1(33.3%) 2 (100.0%) 0.092
Yes 9 (16.4%) 7 (14.6%) 0 (0.0%) 2 (66.7%) 0 (0.0%)

Follow-up dyration 569.0 591.5 1001.5 373.0 96.0 0.075

(days) (median IQR) (264.5-1018.0) (354.2-1021.0) (788.8-1214.2) | (299.5-719.5) (80.0-112.0)

Recurrence No 55 (100%)
Yes 0 (0%)

NST: No special type; IDC: Invasive ductal carcinoma; LGDCIS: Low-grade ductal carcinoma in-situ; ILC: Invasive lobular carcinoma; HGDCIS: High-grade ductal carcinoma

in-situ; LCIS: Lobular carcinoma in-situ; UOQ: Upper outer quadrant; LOQ: Lower outer quadrant; LIQ: Lower inner quadrant; UIQ: Upper inner quadrant; ER: Estrogen

receptor; PR: Progesterone receptor; HER2: Human epidermal growth factor 2 receptor; NACT: Neo-adjuvant chemotherapy; SLNB: Sentinel lymph node biopsy;

ANC: Axillary node clearance; ET: Endocrine treatment; LICAP: Lateral intercostal artery perforator; AICAP: Anterior intercostal artery perforator; MICAP: Medial intercostal

artery perforator; LTAP: Lateral thoracic artery perforator; IQR: Interquartile range
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1). The CWPFs are raised as a turnover flap (folded 180°), a
pendulum type flap based on longer pedicles (TDAP/LTAP) or
as a propeller flap to reconstruct the tumour excision defect.
A drain was used according to individual intraoperative
circumstances. We followed the UK Association of Breast Surgery
consensus for adopting and accepting a 1T mm tumour resection
margin for invasive disease and 2 mm for ductal carcinoma in
situ (DCIS) (14).

Statistical Analysis

Data analysis was conducted using Python (version 3.14) and the
pandas, numpy, and scipystats modules. Continuous variables,
including age, BMI, specimen weight, radiological dimensions,
tumour size, and duration of follow-up, were evaluated for
normality using visual inspection and summary statistics.
Because the data were not normally distributed, findings were
presented as median and interquartile range, and comparisons
between groups were performed using the Kruskal-Wallis
test or the Mann-Whitney U test, as appropriate. Categorical
characteristics (e.g., smoking status, tumour quadrant, flap type,
primary versus secondary surgery, complete mastectomy, and
complications) were reported as frequencies and percentages.
Relationships between categorical variables were assessed using
the chi-square test or Fisher's exact test when expected cell
counts were below 5.

All tests were two-tailed, and a p-value <0.05 was considered
statistically significant. Data were summarized in tabular form,
showing group comparisons (overall and stratified by completion
mastectomy, margin re-excision, and complications).

Patient-Reported Outcome Measures (PROMS)-Patient
Reported Outcome Measures

As part of our routine follow up, to assess patient satisfaction
the Breast-Q PROM proforma is used in our practice. For the
sake of simplicity and to maintain compliance, we collected
information on the following parameters: pre- and post-
operative satisfaction with the breasts, sexual well-being, and
psychosocial well-being. Currently, there are no validated PROMs
specifically for partial breast reconstruction with CWPF. During
harvesting of CWPFs, the scar extends to the back. Therefore, we
also included the domain assessing satisfaction with the back,
which was originally designed for patients undergoing latissimus
dorsi (LD) reconstruction. As we are evaluating the procedure
performed by a single surgeon, we also included domains
assessing satisfaction with information provided by the breast
surgeon and with the surgeon’s performance to enhance the
study’s relevance.
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Results
Patient Demographics and Tumour Factors

Atotal of n = 55 patients underwent partial breast reconstruction
with CWPF; the median age was 52.0 (45.5-58). Of these, n
= 6 (10.9%) were smokers, and n = 21 (38.2%) had medical
comorbidities, namely hypertension (n = 8), hypothyroidism (n
= 4), rheumatological conditions (n = 3), asthma (n = 3), mental
health conditions (n = 3), diabetes (n = 2), and inflammatory
bowel disease (n = 1).

The median BMI was 27.2 kg/m? (24.6-32.2); the most common
cup sizes were C (n = 17, 30.9%) and D (n = 17, 30.9%), while
larger cup sizes (DD, E, F, G) collectively made up n =7 (12.7%) of
the patient cohort. Most patients had no ptosis or grade 1 ptosis
(n = 47, 85.4%).

Most tumours were left-sided (n = 29, 52.7%), unifocal (n = 33,
60%), and located in the upper outer quadrant (UOQ) (n = 45,
81.8%). The most common histological type was no special type
(n = 32, 58.2%), followed equally by invasive ductal carcinoma
(n = 8, 14.5%) and invasive lobular carcinoma (n = 8, 14.5%),
while only n = 6 (11%) patients had DCIS. Most cases (n = 50,
90.9%) were PR+ and ER+, while only n = 7 (12.7%) were HER2+
(Table 1).

Treatment Factors

The most common flap performed was the LICAP (n = 48, 87.3%),
with only n = 3 (5.5%) MICAP, n = 2 (3.6%) LTAP and n = 2 (3.6%)
AICAP with only n = 4/55 (7.3%) receiving a drain. Most flaps were
performed as a primary single stage procedure n = 50 (90.1%),
while only n = 5(9.1%) were performed following a previous WLE
and positive margin cavity shaves.

Most patients (n = 36, 65.4%) underwent simultaneous sentinel
lymph node biopsy, and n = 16 (29.1%) received an axillary
node clearance during the flap reconstruction procedure. Most
patients (n = 49, 89.1%) received radiotherapy, and endocrine
treatment was received by n = 46 (83.6%); only n = 9 (16.4%)
received chemotherapy (Table 1).

Outcomes Measures

Of the patient cohort, n = 9(16.4%) developed complications; n =
4 (7.3%) were wound breakdowns, of which n =2 (3.6%) required
return to theatre for wound re-suturing. Three patients (n = 3;
5.5%) developed a surgical site infection requiring antibiotics,
and n = 2 (3.6%) developed a seroma that was managed non-
operatively. The rate of partial and complete flap loss is 0%
(n = 0). Two patients (n = 2, 3.6%) required subsequent lipo-
filling procedures for aesthetic purposes. Our median follow-up
duration was 569 days (264.5-1018). Five patients (n = 5, 9.1%)
required a margin re-excision, and (n = 2, 3.6%) required a
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Table 2. Summarizes patient demographics among those who developed complications
. Overall Complications: yes No
Variable Grou -value
P (n = 55) (n=9) (n = 46) b
. Symptomatic 29 (52.7%) 5 (55.6%) 24 (52.2%) 1
Presentation
Screen 26 (47.3%) 4 (44.4%) 22 (47.8%)
Age [median (IQR)] 52.0 (45.5, 58.0) 48.0 (41.0, 57.0) 52.0 (46.0,58.0) | 0.284
BMI kg/m? [median (IQR)] 27.2 (24.6,32.2) 27.2 (26.6, 32.4) 27.4(24.4,319) | 0.393
o Yes 21 (38.2%) 2 (22.2%) 19 (41.3%) 0.457
Comorbidities
No 34 (61.8%) 7 (77.8%) 27 (58.7%)
‘ Yes 6 (10.9%) 1(11.1%) 5 (10.9%) <0.001
Smoking
No 49 (89.1%) 8 (88.9%) 41 (89.1)
Bra size [median (IQR)] 36.0 (34.0, 38.0) 36.0 (36.0, 38.0) 36.0 (34.0, 38.0) 0.487
A 2 (3.6%) 0 (0.0%) 2 (4.3%) 0.459
B 12 (21.8%) 1 (11.1%) 11 (23.9%)
C 17 (30.9%) 3(33.3%) 14 (30.4%)
, D 17 (30.9%) 3(33.3%) 14 (30.4%)
Cup size
DD 4(7.3%) 1(11.1%) 3 (6.5%)
E 1(1.8%) 0 (0.0%) 1(2.2%)
F 1(1.8%) 1 (11.1%) 0 (0.0%)
G 1(1.8%) 0 (0.0%) 1(2.2%)
No 23 (41.8%) 1(11.1%) 22 (47.8%) <0.007
, 1 24 (43.6%) 5 (55.6%) 19 (41.3%)
Ptosis
2 5(9.1%) 0 (0.0%) 5 (10.9%)
3 3 (5.5%) 3(33.3%) 0 (0.0%)
Tumour factors
o Left 29 (52.7%) 4 (44.4%) 25 (54.3%) 0.721
ide
Right 26 (47.3%) 5 (55.6%) 21 (45.7%)
NST 32 (58.2%) 7 (77.8%) 25 (54.3%) 0.582
IDC 8 (14.5%) 1(11.1%) 7 (15.2%)
, LGDCIS 3 (5.5%) 0 (0.0%) 3 (6.5%)
Histology
ILC 8 (14.5%) 0 (0.0%) 8 (17.4%)
HGDCIS 3 (5.5%) 1(11.1%) 2 (4.3%)
LCIS 1(1.8%) 0 (0.0%) 1(2.2%)
- Multifocal 22 (40.0%) 3 (33.3%) 19 (41.3%) 0.727
ocali
Y Unifocal 33 (60.0%) 6 (66.7%) 27 (58.7%)
uoQ 45 (81.8%) 6 (66.7%) 39 (84.8%) <0.001
LOQ 5(9.1%) 1(11.1%) 4 (8.7%)
Quadrant
LIQ 5(9.1%) 2 (22.2%) 3 (6.5%)
uIQ 0 (0.0%) 0 (0.0%) 0 (0.0%)
Radiological dimensions (mm)
[median (IOR]] 25.0 (22.0, 33.5) 30.0 (24.0, 31.0) 25.0(22.0,342) | 0.749
Tumour size (mm) [median (IQR)] 33.0(24.0, 50.5) 41.0 (28.0, 52.0) 31.5(24.0,50.0) | 0.569
Specimen weight (g) [median (IQR)] 63.0 (34.6, 105.0) 114.0 (47.0, 186.0) 56.5(34.4,84.9) | 0.099
o Yes 50 (90.9%) 9 (100.0%) 41 (89.1%) 0.578
No 5(9.1%) 0 (0.0%) 5 (10.9%)
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Table 2. continued
. Overall Complications: yes No
Variable Group (n=55) (n= 2) y (n = 46) p-value
bR Yes 50 (90.9%) 9 (100.0%) 41 (89.1%) 0.578
No 5(9.1%) 0 (0.0%) 5 (10.9%)
. No 48 (87.3%) 8 (88.9%) 40 (87.0%) 1
Yes 7 (12.7%) 1 (11.1%) 6 (13.0%)
Treatment factors
. Primary flap 50 (90.9%) 8 (88.9%) 42 (91.3%) <0.001
Primary vs. secondary flap
Secondary flap | 5(9.1%) 1(11.1%) 4 (8.7%)
NACT No 50 (90.9%) 8 (88.9%) 42 (91.3%) 1
Yes 5(9.1%) 1(11.1%) 4 (8.7%)
AICAP 2 (3.6%) 0 (0.0%) 2 (4.3%) 0.092
Flap LICAP 48 (87.3%) 7 (77.8%) 41 (89.1%)
MICAP 3 (5.5%) 2 (22.2%) 1(2.2%)
LTAP 2 (3.6%) 0 (0.0%) 2 (4.3%)
SLNB 36 (65.4%) 6 (66.7%) 30 (65.2%) 0.834
Primary node surgery ANC 16 (29.1%) 3(33.3%) 13 (28.3%)
None 3 (5.5%) 0 (0.0%) 3 (6.5%)
D No 51 (92.7%) 7 (77.8%) 44 (95.7%) 0.121
Yes 4 (7.3%) 2 (22.2%) 2 (4.3%)
, Yes 49 (89.1%) 7 (77.8%) 42 (91.3%) 0.251
Radiotherapy
No 6 (10.9%) 2 (22.2%) 4 (8.7%)
No 46 (83.6%) 7 (77.8%) 39 (84.8%) 0.631
Chemotherapy
Yes 9 (16.4%) 2 (22.2%) 7 (15.2%)
. Yes 46 (83.6%) 7 (77.8%) 39 (84.8%) 0.631
No 9 (16.4%) 2 (22.2%) 7 (15.2%)

NST: No special type; IDC: Invasive ductal carcinoma; LGDCIS: Low-grade ductal carcinoma in-situ; ILC: Invasive lobular carcinoma; HGDCIS: High-grade ductal carcinoma
in-situ; LCIS: Lobular carcinoma in-situ; UOQ: Upper outer quadrant; LOQ: Lower outer quadrant; LIQ: Lower inner quadrant; UIQ: Upper inner quadrant; ER: Estrogen
receptor; PR: Progesterone receptor; HER2: Human epidermal growth factor 2 receptor; NACT: Neo-adjuvant chemotherapy; SLNB: Sentinel lymph node biopsy; ANC: Axillary
node clearance; ET: Endocrine treatment; LICAP: Lateral intercostal artery perforator; AICAP: Anterior intercostal artery perforator; MICAP: Medial intercostal artery perforator;

LTAP: Lateral thoracic artery perforator; IQR: Interquartile range

Table 3. Summarizes patient-reported outcome measure scores

Breast Q domain Range Median

Satisfaction with breasts (preoperative) 64-100 82

Satisfaction with breasts (postoperative) 48-88 72

Satisfaction with back (postoperative) 49-90 74

Psychosocial well being 52-89 71

Sexual well-being 27-66 43 (only 21 patients answered this domain)
(Ss(t)i:{g;tei:)arlivwei)th information given by breast surgeon 62-91 80

Satisfaction with surgeon 70-100 86
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Figure 1.1 Figure 1.2 Figure 1.3

Figure 1. Figures 1.1 and 1.2 represent clinical photographs of a 29-year-old, non-smoking female with a BMI of 30 kg/m? and a
bra size of 34C, who underwent a single stage WLE with partial breast reconstruction using an LICAP for a left sided breast tumour
with no complications. Figure 1.3 shows images is 3 months post-surgery

LICAP: Lateral intercostal artery perforator; BMI: Body mass index; WLE: Wide local excision

Kigurei2 4 Figure 2.2
FIEURE2:3 Figure 2.4

Figure 2. Figures 2.1 and 2.2 represent clinical photographs of a 34-year-old, non-smoking female with a BMI of 26 kg/m? and a
bra size of 32B, who underwent a single stage WLE with partial breast reconstruction using an LICAP for a left sided breast tumour
with no complications. Figure 2.3 and 2.4 shows images 3 months post-surgery

LICAP: Lateral intercostal artery perforator; BMI: Body mass index; WLE: Wide local excision
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Figure 3.1

Figure 3.2

Figure 3. Figures 3.1 and 3.2 represent clinical photographs 1-month post-surgery of a 47-year-old non-smoking female with a
BMI of 26.6 kg/m? and a bra size of 36D who underwent margin re-excision and subsequent MICAP partial breast reconstruction

following a previous left sided WLE

MICAP: Medial intercostal artery perforator; BMI: Body mass index; WLE: Wide local excision

completion mastectomy (Tables 1, 2). The results of the PROMs
are summarised in Table 3. Figures 1, 2, 3, 4, and 5 show clinical
photographs of postoperative results.

Table 2 presents a bivariate analysis comparing patients who
developed complications with those who did not. Smoking
differed significantly between groups (p<0.001), suggesting a
correlation between smoking exposure and the development of
complications. Breast ptosis was also significantly associated with
post-op complications (p<0.001). Patients with higher grades
of ptosis, particularly grade 3 ptosis, were disproportionately
represented among those who subsequently developed
complications. Additionally, tumour location within the breast
demonstrated a similarly significant association with post-op
complications (p<0.001); lesions located outside the UOQ were
more frequently associated with complications. Lesions in the
U0Q were associated with a lower proportion of complications.
Despite most patients undergoing a primary reconstruction
at the time of tumour excision (n = 50, 90.9%), complications
occurred more commonly following primary flap reconstruction
compared with secondary procedures (p<0.001)

We have found no statistically significant differences between
groups with respect to age, body mass index, comorbidities,
cup size, tumour factors such as histology, focality, tumour size,
specimen weight, and tumour receptor status (ER, PR, HER2), or
neoadjuvant or adjuvant treatment modalities.

Discussion and Conclusion

The LD flap has long been regarded as a reliable option for
breast reconstruction, particularly for patients unsuitable for
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microvascular procedures or those with smaller breasts (15-24).
However, its use may be limited by potential complications such
as shoulder dysfunction and donor site seroma, with reported
incidences varying between 7% and 81% (25-28). In contrast,
CWPFs preserve the underlying musculature, thereby reducing
donor-site morbidity and maintaining shoulder mobility. These
flaps derive their vascular supply from branches of the TDAP,
LICAP, LTAP, or AICAP/MICAP (12). As muscle-sparing techniques,
CWPFs have demonstrated lower morbidity than myocutaneous
LD flaps, with studies reporting no impairment of shoulder
function during long-term follow-up (29).

The choice of CWPF depends on the size and anatomical location
of the defect following tumour excision. For instance, LTAP
flaps—either alone or combined with LICAP flaps—are suitable
for lateral, central, lower outer, and upper medial quadrant
defects, whereas AICAP and MICAP flaps are more appropriate
for lower central and inner quadrant defects (29-31). We have
found that most of our reported cases presented with a tumour
located in the UOQ, and that the most common flap used was
the LICAP alone.

A key advantage of oncoplastic breast surgery using CWPFs
is the ability to achieve oncologically safe reconstruction
and favourable cosmetic results, often avoiding the need for
contralateral symmetrisation procedures, particularly in women
with smaller breasts (15, 16). In a large multicentre UK study
by Agrawal et al. (17), symmetrisation surgery was required in
only 1.2% of cases, with 2.6% undergoing minor revisions such
as lipofilling or scar correction. Our findings align with the
published literature: none of our patients required symmetrizing
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Figure 4.1A

Figure 4.1B

Figure 4. 4.1 A and B: represent pre-operative clinical photographs of a 69-year-old, non-smoking female with a BMI of
28 kg/m? and a bra size of 38C, who underwent a single stage WLE with partial breast reconstruction using an LICAP for a right
sided breast tumour with no complications. She subsequently received adjuvant radiotherapy. Figures 4.2 A and B show her
results 9 months post-surgery having gone through radiotherapy treatment

LICAP: Lateral intercostal artery perforator; BMI: Body mass index; WLE: Wide local excision

breast surgery, and only 2 required further procedures in the
form of lipo-filling. Notably, 85.4% of our cohort had no or mild
ptosis, which supports the suitability of CWPFs in this cohort.

Although outcome data are frequently reported collectively
across different CWPF types, recent systematic reviews have
confirmed low complication rates. Nava et al. (30) reported
an overall recipient-site complication rate of 13%, a total flap
loss rate of 1%, and noted that most complications—including
seroma, hematoma, infection, and wound dehiscence—
were managed conservatively, with only 20.5% necessitating
surgical intervention. Similarly, Pujji et al. (15) documented low

rates of total (0.2%) and partial (1.8%) flap necrosis. We report
a comparably low rate of complications (16.4%) with only
22.2% of those experiencing complications required a surgical
intervention. Additionally the rate of partial and complete flap
loss is 0%. One of the common complications of breast surgery is
fat necrosis, of which the rates in CWPFs seem to be around 2% in
the published literature, which proves the reliability of the chest
wall perforator blood supply (30).

Our findings, as represented in Table 2, indicate that smoking,
breast ptosis, and tumour location show a significant correlation
with the risk of developing complications. Despite the well-
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Figure 5.1

Figure 5.2

Figure 5.3

Figure 5. Figure 5.1: Represents a clinical photograph of a 58-year-old, smoking female with a BMI of 32 kg/m? and a bra size of
36C, who underwent a single stage WLE with partial breast reconstruction using an LICAP for a right sided breast tumour with no
complications. Figures 5.2 and 5.3 shows images 1-month post-surgery

LICAP: Lateral intercostal artery perforator; BMI: Body mass index; WLE: Wide local excision

known effects of smoking on flap survival, we observed a 0%
rate of flap necrosis, demonstrating the robust blood supply
of CWPFs. However, we found that smoking correlates with
complications. In our patient cohort, n = 9 (16.4%) developed
complications, with n = 4 (7.3%) being wound breakdowns,
for which smoking is a well-known risk factor. Additionally,
patients with higher grades of ptosis, particularly grade 3, were
disproportionately represented among those who subsequently
developed complications. This further reinforces that the
ideal candidates for a CWPF are those with minimal or no
ptosis and emphasizes the importance of appropriate patient
selection. Although most of our patients had a lesion in the UOQ
(n =45, 81.8%), this tumour location was associated with a lower
proportion of complications.

From an oncological perspective, CWPFs have demonstrated
safety, whereby pooled data from Nava et al. (30) indicated a
completion mastectomy rate of 1.5% and a margin re-excision
rate of 13%, supporting the oncological soundness of partial
breast reconstruction using CWPFs. Although we report a higher
rate of completion mastectomies (3.63%), we experience a lower
rate of margin re-excision (9.0%).

This study evaluates patient-reported outcomes following BCS
with CWPF reconstruction, an area in which PROMs data remain
limited. Our results show that postoperative satisfaction with the
breasts (median 72) was lower than preoperative scores (median
82), which is expected after oncologic surgery. These values,
however, remain comparable to published Breast-Q scores for
standard breast-conserving therapy, such as those reported
by Dahlback et al. (32) (median 66) and O’Connell et al. (33)
(median 68).
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Given the paucity of studies evaluating patient satisfaction with
CWPF donor-site scars, we however, report high postoperative
postoperative patient satisfaction with donor-site scars. These
findings are consistent with results by Muktar et al. (34),
who reported favourable donor-site outcomes after CWPF
reconstruction. Psychosocial well-being (median 71) was also
in line with previously reported values for breast-conserving
cohorts. Tomita et al. (35) found median psychosocial well-being
scores of approximately 73 following BCS. While we report lower
sexual well-being scores (median 43), these may well reflect
factors beyond the reconstruction itself, including adjuvant
therapies and the limited number of respondents in that domain
(n=21).

Study Limitations

Our results show that CWPF reconstructions result in high
postoperative satisfaction, acceptable donor-site outcomes, and
stable psychosocial well-being, supporting their use as a safe and
well-tolerated volume-replacement option in breast-conserving
surgery. However, this study has limitations, including its small
sample size, its unequal distribution of flap types, its short
follow-up period, and its retrospective design, all of which
restrict the strength and generalisability of our findings. As the
data reflect the experience of a single surgeon at a single centre,
outcomes may differ elsewhere due to variations in expertise
and patient demographics. Larger multi-centre and long-term
prospective studies using validated PROMs are needed to better
assess outcomes and quality of life in this patient group.

As oncoplastic breast surgery gains popularity, partial breast
reconstruction using CWPFs is a valuable technique in the
oncoplastic surgeon’s armamentarium. This approach is
particularly well suited to patients with small- to moderate-sized
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breasts and minimal or no ptosis, when a relatively large volume
of tissue needs to be excised. It may also be considered for
patients with larger breasts, particularly those wishing to avoid
symmetrising mammoplasty. Our results align with previously
published studies and support both the technical feasibility
and oncological safety of CWPFs in partial breast reconstruction
following breast-conserving surgery. No cases of local or distant

metastasis were observed,

suggesting oncological safety,

although extended follow-up is necessary. Patient-reported
outcomes further demonstrated high satisfaction and favourable
overall aesthetic results.
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ABSTRACT

Objective: Granulomatous lobular mastitis (GLM) is a disease characterized by a high recurrence rate and the absence of a standard treatment,
making prognostic prediction crucial. While promising, existing machine learning models are limited by single-center data and small sample
sizes. This study aimed to develop and validate machine learning models using a large multicenter dataset to predict GLM recurrence and build
a clinical web calculator.

Materials and Methods: In this retrospective cohort study, data from 318 GLM patients at two tertiary hospitals (diagnosed between 2019 and
2024) were used to train and evaluate five machine learning models. Performance was assessed by accuracy, area under the curve (AUC), F1-
score, sensitivity, and specificity.

Results: The five models demonstrated comparable discriminatory performance, with AUCs ranging from 0.778 to 0.808 and no statistically
significant differences among them. Among them, random forest (RF) excelled in composite and sensitivity metrics (F1 score: 0.639; accuracy:
76.2%; sensitivity: 50%), whereas logistic regression achieved the top AUC (0.808), and the support vector machine achieved the best specificity
(95.3%). Based on its balanced performance across multiple metrics, RF was selected for deployment to develop a publicly accessible web
application platform (https://w12251393.shinyapps.io/predictGLM/). In the RF model, white blood cell count emerged as the top predictor,
followed by age at diagnosis, the origin of the primary tumor, surgical excision, antitubercular therapy, corticosteroid therapy, and abscess
drainage, in descending order of importance.

Conclusion: Although retrospective in design, this study developed a multicenter RF model and implemented it as an accessible web calculator,
providing a valuable tool for personalized recurrence prediction and treatment decision-making in GLM. The model should be used as a risk
stratification aid to support clinical decision-making rather than as a definitive predictive instrument.
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KEY POINTS

* This study addresses the high recurrence rate of granulomatous lobular mastitis by developing the first machine-learning-based online calculator (random

forest) for predicting recurrence.

* The model, constructed from multicenter data, demonstrates balanced predictive performance and identifies seven key predictors, including white blood cell

count and surgical intervention.

* The result has been translated into a freely accessible web tool that provides instant, individualized recurrence-risk assessments to support clinical decision-

making and to serve as a risk-stratification aid.

Introduction

Granulomatous lobular mastitis (GLM) was a non-puerperal
chronic inflammatory breast disease characterized by non-
caseating granulomas and microabscesses confined to the breast
lobules (1-3). Based on a significant rise in reported cases over the
past decade, the incidence of GLM has increased dramatically (4).
GLM typically presented with painful breast masses, redness, and
abscesses that could progress to fistulas and sinus tracts, often
leading to significant breast deformity and a high recurrence
rate (5-7).

Given its notoriously high recurrence rate, reported in various
studies to range from 24% to 40% (8-11), GLM has often been
referred to as “incurable cancer” (12). This combination of a high
relapse risk and the lack of standardized therapeutic guidelines
makes accurate prognostic assessment crucial (13). Although
some studies attempted to employ staging systems to predict
patient prognosis (12, 14, 15), their predictive efficacy was
largely unsatisfactory due to the disease’s marked heterogeneity.
For instance, in our previous work, we developed the 1st
edition of GLM stage for predicting GLM prognosis; however, it
yielded a suboptimal area under the curve (AUC) of only 0.642
(12). This limitation of conventional approaches highlights the
need for more advanced methods, such as machine learning,
which may better capture complex patterns in heterogeneous
diseases. Consequently, recent research has increasingly
leveraged machine learning models to integrate complex, multi-
dimensional patient data, demonstrating promising predictive
performance for recurrence risk (16, 17). For instance, Li et al.
(16) demonstrated that the neural network model achieved
higher predictive accuracy. These promising findings, however,
faced substantial clinical implementation barriers. The models
had not been integrated into clinical workflows for direct
assessment, and their development was constrained by small,
single-center datasets with incomplete metrics, which collectively
limited their generalizability and immediate practical utility. To
overcome these limitations, this study leveraged a large-scale,
multi-center dataset to develop and compare multiple machine
learning models, with the specific objective of building a web-
based clinical calculator for prognostic assessment.
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Materials and Methods
Data and Samples

This retrospective cohort study initially enrolled 599 patients
diagnosed with GLM from two tertiary care hospitals between
January 2019 and December 2024. The diagnosis of GLM requires
a comprehensive assessment integrating medical history, clinical
manifestations, physical examination, imaging, and laboratory
findings, with definitive confirmation by histopathological
examination. Among these, 575 cases were sourced from a
specialized disease registry established by the Department of
Breast and Thyroid Surgery at Hospital A in March 2022, which
had systematically collected and followed up cases of non-
puerperal mastitis since January 2017. The remaining 24 cases
were obtained from Hospital B’s medical records covering the
same period. As of October 1, 2025, the research team extracted
eligible cases from Hospital A's registry within the specified
timeframe and conducted a unified retrospective review of
corresponding cases from Hospital B. According to the predefined
exclusion criteria, we excluded 10 patients with missing height
information, 31 patientswith incomplete lesion diameter records,
8 patients with an unspecified number of lesions, and 8 patients
with missing white blood cell (WBC) count data. Furthermore,
since the study endpoint was the one-year recurrence rate, an
additional 224 patients with less than 12 months of follow-up
and no recurrence were excluded. Ultimately, 318 GLM patients
with diagnosis dates between January 2019 and December 2024
were included in the final analysis.

The primary endpoint of this study was the one-year recurrence
rate, defined as the reappearance of non-puerperal mastitis,
ipsilateral or contralateral, within 12 months of the initial
diagnosis. Recurrence was defined as the re-emergence of
mastitis symptoms following clinical improvement or cure
achieved through surgical or conservative treatment. Clinical
improvement was characterized by a reduction in lesion size,
resolution of skin erythema, significant alleviation of pain, and
ultrasonographic evidence of diminished inflammation. Cure
was confirmed upon complete resolution of symptoms, absence
of palpable masses, and normal findings on both physical and
imaging examinations (18). The final follow-up was conducted
on September 1, 2025.
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In this retrospective design, some collected variables (detailed
below) reflected assessments or interventions that occurred
during the patient’s management course rather than being
strictly limited to the baseline state at initial diagnosis. The
dataset encompassed multiple clinical variables, including age
at diagnosis (years), height (cm), weight (kg), days to first visit
(days), defined as the duration from symptom onset to the
initial hospital consultation; laterality of the primary lesion
(left, right, bilateral); maximum lesion diameter on ultrasound
(cm), representing the highest value recorded during the current
disease episode; ultrasound-detected lesion count (solitary,
multiple); presence of mammary abscess (no, yes); WBC count
(10°/L), indicating the peak measurement observed throughout
the clinical course; and documented therapeutic interventions
including quinolone therapy (no, yes), penicillin therapy (no,
yes), cephalosporin therapy (no, yes), macrolide therapy (no, yes),
nitroimidazole therapy (no, yes), antitubercular therapy (no, yes),
corticosteroid therapy (no, yes), tetracycline therapy (no, yes),
abscess drainage (no, yes), and surgical excision (no, yes). These
variables indicated whether a treatment was ever administered,
not solely whether it was part of the initial treatment plan.

The study utilized data from two medical institutions under
appropriate ethical frameworks. Hospital As proprietary
database was operated in compliance with the Declaration of
Helsinki (2013 revision) and received formal approval from its
Medical Ethics Committee (approval number: 20220330-024,
date: 30.03.2022).

Statistical Analysis

Continuous variables were expressed as mean * standard
deviation, while categorical variables were presented as numbers
and percentages. Univariate and multivariate logistic regression
(LOG) analyses were performed to identify independent
prognostic factors, with odds ratios (ORs) and corresponding 95%
confidence intervals (Cls) reported for all significant associations.

The Boruta algorithm, implemented in the Boruta package for R,
was a widely used feature selection method based on the random
forest (RF) framework (19). It systematically identified all relevant
features associated with the prediction target by comparing the
importance of original featureswith randomly generated “shadow
features”. The primary advantages of the Boruta algorithm
included its comprehensiveness, identifying all relevant features
rather than identifying only an optimal subset for modeling;
robustness, achieved through multiple iterations and statistical
testing; and independence from preset parameters, requiring no
pre-specified number of features or extensive parameter tuning.
In this study, Boruta was first applied to the entire dataset to
obtain a stable and interpretable set of predictors. A random
seed [set.seed (123)] was set to ensure reproducibility. This fixed
feature set was used consistently throughout all subsequent

5-fold cross-validation and model training steps, with no further
feature selection performed within the cross-validation loop.
This design ensures that all models are trained and compared
within the same feature space, facilitating fair performance
comparisons and clinical interpretability. To evaluate model
performance and mitigate overfitting, a 5-fold cross-validation
approach was employed using the caret package. The entire
dataset was randomly partitioned into five folds of roughly equal
size using a fixed random seed [set.seed (23)]. In each iteration,
four folds served as the training subset and the remaining fold
served as the validation subset. The median AUC across the five
folds was used as the overall performance estimate to select the
best-performing algorithm. To provide an intuitive illustration
of the model’s predictive ability, the fold corresponding to the
median AUC (i.e, the centrally located fold representing typical
performance) was selected as the representative fold. The model
was retrained using the training subset of this representative
fold and evaluated on the corresponding validation subset to
generate the receiver operating characteristic (ROC) curve and
detailed classification metrics (accuracy, sensitivity, specificity,
and F1-score). This approach avoids the optimism bias that
would result from selecting the best-performing fold, ensuring
that the displayed performance reflects the model’s typical
behavior. Based on the comparative performance evaluation,
the best-performing prediction model was deployed as a publicly
accessible and free-to-use web calculator through the shiny
package (20). This online tool, available free of charge to the
research and clinical community, enables real-time recurrence
risk prediction based on user-provided clinical features.
Furthermore, feature importance ranking was performed on the
final model’s predictors to identify the most influential variables.
The study process is presented in Figure 1. All statistical tests
in this study adopted a two-tailed approach, with statistical
significance defined at the alpha level of 0.05. The analytical
procedures and data visualizations were implemented using R
software (version 4.2.2; R Foundation for Statistical Computing,
Vienna, Austria).

This study employed five distinct machine learning algorithms,
each with its respective implementation. LOG, which estimates
the probability of a binary outcome using a logistic function,
was implemented with the glm function in the stats package
(21). Naive Bayes (NB), a probabilistic classifier based on Bayes’
theorem with feature independence assumption, was performed
utilizing the NB function within the e1071 package (22). Linear
discriminant analysis (LDA), a method for projecting data into
a lower-dimensional space to maximize class separability,
was conducted using the LDA function in the MASS package
(23). Support vector machine (SVM), which identifies optimal
hyperplanes to separate classes with maximum margins, was
carried out using the ksvm function from the kernlab package
(24). RF, an ensemble technique constructing multiple decision
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[ This cohort study initially enrolled 599 patients diagnosed with GLM between January 2019 and December 2024 ]
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1.Patients with missing height information (n=10).
2.Patients with incomplete lesion diameter records (n=31).
3.Patients with unspecified number of lesions (n=8).
4.Patients with missing white blood cell count data (n=8).
5.Patients who had less than 12 months of follow-up
without experiencing recurrence (n=224).

[ 318 GLM patients with diagnosis dates between January 2019 and December 2024 were included in the final analysis. ]
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[ Deploy the best performing prediction model as a publicly accessible and free to use network calculator. ]

Figure 1. The process of this study

GLM: Granulomatous lobular mastitis

trees to enhance accuracy, was executed with the RF function
from the RF package (25). The number of trees (ntree parameter)
was set to 183 based on minimizing the out-of-bag (O0B) error
rate; to determine this, we trained an initial RF model and
identified the point at which the OOB error reached its minimum
using the which.min [rf$errrate (-1)] function. This analysis
indicated that 183 trees provided the optimal balance between
predictive performance and computational efficiency, as the
error rate stabilized beyond this point. A random seed [set.seed
(3)] was used for the RF to ensure reproducibility. All models
were implemented using their respective packages default
parameters. This approach was adopted to provide a fair and
reproducible baseline comparison of algorithmic performance
on our dataset, prioritizing generalizability and mitigating the
risk of overfitting given the available sample size for model
training.

Results
Descriptive Characteristics and Prognostic Factor Analysis

This study included 318 female patients with granulomatous
lobular mastitis. With follow-up through September 1, 2025, the
cumulative one-year recurrence rate was 32.4%, corresponding to
103 patients who experienced recurrence and 215 who remained
recurrence-free. Univariate LOG analysis demonstrated significant
associations between GLM recurrence and several clinical
factors: origin of the primary lesion (p = 0.023), WBC count (p =
0.001), antitubercular therapy (p<0.001), corticosteroid therapy
(p<0.001), abscess drainage (p = 0.002), and surgical excision
(p = 0.008) as detailed in Table 1. Multivariate analysis further
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identified independent predictors of recurrence, including days
to first visit (p = 0.006; OR: 0.983; 95% CI: 0.971-0.995), origin
of primary (p = 0.007), antitubercular therapy (p = 0.002; OR:
0.358; 95% Cl: 0.190-0.676), corticosteroid therapy (p = 0.005;
OR: 2.990; 95% Cl: 1.385-6.452), abscess drainage (p = 0.003;
OR: 0.290; 95% Cl: 0.129-0.653), and surgical excision (p< 0.007;
OR: 0.190; 95% Cl: 0.084—-0.428) as presented in Table 1.

Machine Learning

To enhance the prognostic prediction for GLM patients, we
employed machine learning approaches, commencing with
feature selection using the Boruta package in R (19). The
Boruta algorithm, which evaluates feature importance by
comparing original attributes with their permuted shadow
copies, identified seven significant predictors: age at diagnosis,
origin of the primary tumor, WBC count, antitubercular therapy,
corticosteroid therapy, abscess drainage, and surgical excision
(Figure 2). These seven covariates were incorporated into our
subsequent machine learning models.

This study evaluated five machine learning models—LOG, NB,
LDA, SVM, and RF—for predicting recurrence in GLM. The AUC
values across these models ranged from 0.778 to 0.808, and
ROC analysis indicated no statistically significant differences in
discriminatory performance among them (Table 2, Figure 3).
Among the models, RF achieved the highest F1-score (0.639),
accuracy (76.2%), and sensitivity (50%), demonstrating the most
balanced performance across multiple metrics. LOG yielded the
highest AUC (0.808), while SVM exhibited the highest specificity
(95.3%).
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Table 1. Univariate and multivariate logistic regression analysis of prognostic factors for 318 patients with GLM

Univariate Multivariate
Factors n%)/XxS

p-value OR (95% Cl) p-value
Age at diagnosis (years) 31.3+4.4 0.189 0.943 (0.883-1.007) 0.080
Height (cm) 159.6%5.1 0.246 1.059 (0.997—1.126) 0.064
Weight (kg) 61.3£11.0 0.546 0.997 (0.970-1.026) 0.850
Days to first visit (days) 26.3+74.9 0.122 0.983 (0.971-0.995) 0.006
Origin of primary 0.023 0.007
Left 164 (51.6) Ref
Right 146 (45.9) 1.934 (1.098-3.408) 0.022
Bilateral 8(2.5) 15.329 (1.755-133.924) 0.014
Maximum lesion diameter on ultrasound (cm) | 4.8+2.1 0.272 1.004 (0.989-1.020) 0.600
Ultrasound-detected lesion count 0.539 0.917
Solitary 41(12.9) Ref
Multiple 277 (78.1) 0.951 (0.372-2.431)
Mammary abscess 0.461 0.413
No 40 (12.6) Ref
Yes 278 (87.4) 1.513 (0.561-4.078)
White blood cell (10°/L) 10.47£3.98 0.001 1.064 (0.986-1.149) 0.112
Quinolone therapy 0.605 0.578
No 64 (20.1) Ref
Yes 254 (79.9) 0.790 (0.344-1.812)
Penicillin therapy 0.579 0.653
No 306 (96.2) Ref
Yes 12 (3.8) 0.713 (0.164-3.108)
Cephalosporin therapy 0.899 0.450
No 233 (73.3) Ref
Yes 85 (26.7) 1.292 (0.665-2.508)
Macrolide therapy 0.936 0.672
No 303 (95.3) Ref
Yes 15(4.7) 1.326 (0.359-4.888)
Nitroimidazole therapy 0.786 0.717
No 304 (95.6) Ref
Yes 14 (4.4) 1.275 (0.342-4.753)
Antitubercular therapy <0.001 0.002
No 190 (59.7) Ref
Yes 128 (40.3) 0.358 (0.190-0.676)
Corticosteroid therapy <0.001 0.005
No 99 (31.1) Ref
Yes 219 (68.9) 2.990 (1.385-6.452)
Tetracycline therapy 0.653 0.426
No 310 (97.5) Ref
Yes 8(2.5) 0.482 (0.080-2.903)
Abscess drainage 0.002 0.003
No 88 (27.7) Ref
Yes 230 (72.3) 0.290 (0.129-0.653)
Surgical excision 0.008 <0.001
No 49 (15.4) Ref
Yes 269 (84.6) 0.190 (0.084—0.428)

OR: 0dds ratio; Cl: Confidence interval; Ref: Reference; GLM: Granulomatous lobular mastitis
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Web Application Development

Based on the RF model’s balanced performance profile —
characterized by the highest F1-score (0.639), accuracy (76.2%),
and sensitivity (50%)— this study selected it as the core algorithm
for developing a publicly accessible web application (https://
w12251393.shinyapps.io/predictGLM/). This decision was guided
by several considerations: first, RF demonstrated the most
balanced performance across key classification metrics, with a
high F1-score reflecting the optimal balance between precision
and recall, and its highest sensitivity indicating an enhanced
ability to identify true recurrence cases, which is particularly
crucial for clinical early warning; second, as an ensemble
learning algorithm, RF exhibited greater generalization and
robustness, enabling better adaptation to new data and making it
suitable for deployment as the core prediction engine in a public
application. All five models achieved comparable discriminatory
performance, with no statistically significant differences in AUC,

and the selection of RF represents a pragmatic choice based
on its multi-metric balance rather than a claim of statistical
superiority. The platform automatically calculates the one-year
recurrence risk based on patient characteristics entered by the
user. Figure 4 displays a functional example of the interface of
this web application.

Based on the RF model, feature importance ranking for the
seven covariates was performed using the importance function
from the RF package in R, which employs a permutation-based
approachtoevaluatevariablesignificance by measuringthe mean
decrease in accuracy when out-of-bag data for each predictor
is randomly shuffled (25). The analysis revealed the following
descending order of predictive importance: WBC count, which
emerged as the most influential predictor, followed by age at
diagnosis, origin of the primary, surgical excision, antitubercular
therapy, corticosteroid therapy, and abscess drainage (Figure 5).
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Table 2. Performance comparison of the five machine learning models for GLM recurrence prediction in the validation set
Mode Accuracy (%) AUC F1-score Sensitivity (%)  Specificity (%) P, P P o P.om
LOG 69.8 0.808 0.541 40.0 83.7 Ref 0.7129 0.9177 0.6496
NB 70.3 0.778 0.435 28.6 90.7 0.7129 Ref 0.712 0.9147
LDA 69.8 0.807 0.536 40.0 814 0.9177 0.712 Ref 0.662
SVM 74.6 0.787 0.456 30.0 95.3 0.6496 0.9147 0.662 Ref

RF 76.2 0.785 0.639 50.0 88.4 0.7776 0.9271 0.7868 0.9837
AUC: Area under the curve; LOG: Logistic regression; Ref: Reference; NB: Naive bayes; LDA: Linear discriminant analysis; SYM: Support vector machine; RF: Random forest;
GLM: Granulomatous lobular mastitis

312




Eur | Breast Health
2026;22(3):307-317

Feng et al.
ML Web Calculator for GLM Recurrence

Discussion and Conclusion

Studies have reported that the recurrence rate of GLM can be as
high as 24-40%, making ita commonly recurring breast condition
(8-11). Accurate prediction of recurrence could inform treatment
decisions and follow-up strategies, ultimately improving patient
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Figure 3. Comparison of ROC curves for the five machine
learning models

AUC: Area under the curve; LOG: Logistic regression; NB: Naive
bayes; LDA: Linear discriminant analysis; SVM: Support vector ma-
chine; RF: Random forest; ROC: Receiver operating characteristic

outcomes. Although some studies have attempted to use staging
systems to predict patient prognosis (12, 14, 15), these systems
have generally demonstrated limited predictive efficacy due
to the substantial heterogeneity of the condition and the wide
variation in clinical manifestations among individual patients.

Usinga multicenter retrospective cohort, this study systematically
compared five machine learning models for predicting one-year
recurrence risk in GLM and subsequently developed a publicly
accessible online calculator based on the optimally performing
RF model. The results demonstrated that all models achieved
comparable discriminatory performance, with AUCs ranging
from 0.778 to 0.808. The RF model exhibited a balanced
performance profile with an Fl1-score of 0.639, accuracy of
76.2%, and sensitivity of 50%, while LOG achieved the highest
AUC (0.808) and the SVM exhibited the highest specificity (95.3%).
Based on its balanced multi-metric performance and inherent
feature importance interpretation, RF was selected as the final
model for clinical deployment; this choice reflects practical
considerations rather than statistical superiority, given the
equivalent AUCs across models. Feature importance analysis
identified WBC as the most influential predictor of recurrence,
followed by age at diagnosis, origin of primary, surgical excision,
antitubercular therapy, corticosteroid therapy, and abscess
drainage. These findings provide novel insights and a practical
tool for individualized recurrence risk assessment in GLM.

The predictive performance of our models aligns closely with
previously reported machine learning applications in GLM.

Granulomatous Lobular Mastitis Recurrence Risk Prediction Calculator

Patient Basic Information

Recurrence Risk Prediction Result

Age at diagnosis (years)

30

survival rate

1-year recurrence rate(%) 27.9

Affected side

Left -
White blood cell count (1049/L) Important Disclaimer and Informed Consent
10 « This prediction tool provides statistical estimates only and is not a substitute for professional medical judgment.
« The model was developed based on historical patient data and its accuracy may vary for individual cases.
« Clinical decisions should not be based solely on this tool but should ir patient

+ The developers and providers of this tool assume no liability for clinical decisions or patient outcomes.

Treatment Information
« You accept full

« By using this calculator, you acknowledge that you have read and understand these limitations.
ility for the ir

P lion and ication of these resuits in clinical practice.

Antitubercular therapy
O No
@ Yes
Corticosteroid therapy
® No
O Yes

Abscess drainage
@® No
O Yes

Surgical excision
® No
O Yes

Usage of this tool constitutes your informed consent to these terms.

Figure 4. An example showing web function (https://w12251393.shinyapps.io/predictGLM/)
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Random Forest Feature Importance Ranking
Clinical Predictors of Treatment Outcome

White blood cell
Age at diagnosis

Affected side
Importance Score

ﬁzs
2

15

Surgical excision

Clinical Features

10

el ¢
Antitubercular therapy

Corticosteroid therapy

Abscess drainage

10
Mean Decrease Gini

Figure 5. Feature importance ranking in the random forest
model

Li et al. (16) analyzed 212 GLM patients and compared LOG, RF,
and neural network models, reporting that the neural network
outperformed the other models in their specific dataset, while
their RF model yielded an AUC of 0.793—remarkably similar to
the 0.785 AUC observed in our RF model. Similarly, Ma et al.
(17) developed an XGBoost model based on contrast-enhanced
ultrasound features and reported an AUC of 0.808, which is also
comparable to our findings. These convergent results across
studies and populations suggest that current machine learning
approaches for predicting GLM recurrence consistently achieve
AUGs of 0.78-0.81, reflecting the inherent complexity of GLM
recurrence.

Despite comparable predictive performance, our study extends
previous work in several important aspects. First, our models
were developed and validated in a multicenter cohort (n = 318),
enhancing generalizability compared with single-center studies
with smaller samples. Second, we systematically compared five
algorithms under standardized conditions, thereby providing a
comprehensive benchmark for future research. Third, and most
significantly, we implemented the optimal model as a freely
accessible web-based calculator (https://w12251393.shinyapps.
io/predictGLM/), filling a critical gap in clinical implementation
that previous studies had not addressed.

The clinical deployment of any prediction model requires
careful consideration of its performance characteristics. Our
RF model’s sensitivity of 50% warrants attention, as it indicates
that approximately half of patients who ultimately experience
recurrence may not be identified by the model (false negatives).
In clinical practice, such false-negative predictions could lead
to inadequate monitoring intensity or delayed therapeutic
interventions, potentially compromising patient outcomes.
Therefore, it should be emphasized that this web-based
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calculator is intended as a risk-stratification aid rather than a
definitive predictive instrument. Clinicians should integrate
model predictions with comprehensive clinical evaluation,
maintaining standard follow-up protocols for all patients and
exercising heightened vigilance for those with strong clinical
suspicion of recurrence despite low-risk model predictions.
Conversely, the model’s relatively high specificity (88.4%) offers
meaningful clinical value by reliably identifying patients at low
risk of recurrence. This capability may facilitate more efficient
resource allocation, potentially reducing unnecessarily frequent
follow-up visits or overly aggressive treatment among low-risk
populations. From a clinical utility perspective, the tool may be
better suited to rule out low-risk patients than to definitively
identify high-risk individuals—a distinction that should guide
its appropriate integration into clinical workflows.

The identification of WBC as the most important predictor
in our RF model warrants careful interpretation. While Sun et
al. (26) similarly reported WBC as the predominant risk factor
for GLM recurrence, several other studies found no significant
association between WBC and recurrence (11, 27, 28). Several
factors may explain these discrepancies. First, the timing of WBC
measurement varied substantially across studies: our study used
peak WBC during the disease course, whereas others employed
baseline WBC at diagnosis or random measurements of WBC.
Given that WBC can fluctuate in response to disease activity
and therapeutic interventions, measurement timing critically
influences its prognostic value. Second, treatment-related
factors (antibiotics, corticosteroids) can directly modulate WBC
levels, potentially confounding the relationship between WBC
and recurrence in retrospective analyses. Third, and perhaps
most importantly, the etiological heterogeneity of GLM likely
influences both WBC patterns and recurrence risk. For instance,
infectious etiologies (e.g., tuberculosis, Corynebacterium
infection) may exhibit distinct inflammatory profiles compared
with idiopathic or autoimmune variants, yet our inability to
perform etiological stratification may have averaged out these
differences.

The “days to first visit” variable exhibited substantial variability
(mean 26.3+£74.9 days), reflecting a right-skewed distribution
due to a subset of patients with markedly delayed presentation.
Its modest protective effect (OR: 0.983) should be interpreted
cautiously, as it may reflect confounding by disease severity—
patients with milder symptoms may both delay care and have a
lower recurrence risk—rather than a direct causal relationship.

The inclusion of treatment-related variables—surgical excision,
corticosteroid therapy, antitubercular therapy, and abscess
drainage—in the final model reflects their prognosticsignificance.
LOG revealed strong associations between recurrence and surgical
excision, corticosteroid therapy, and antitubercular therapy.
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These findings should be interpreted with caution due to
potential confounding by indication, a common issue in
observational studies where treatment assignment is influenced
by disease severity. For instance, patients receiving corticosteroids
may have more severe inflammation and therefore a higher
risk of recurrence regardless of treatment effect. Conversely,
the protective effects of surgery and antitubercular therapy
may reflect patient selection rather than causal benefits. These
variables may also indirectly capture etiological information—
e.g., antitubercular therapy suggests tuberculous mastitis, which
is characterized by distinct recurrence patterns. However, without
systematic etiological confirmation, such inferences remain
speculative. Therefore, these associations should be understood
as observational prognostic factors and not as evidence of causal
treatment effects. Prospective studies with standardized protocols
and etiological stratification are needed to establish causality.

Despite the encouraging results, our study was constrained by
several limitations. First, the retrospective design inherently
carried a risk of selection bias. To accurately assess the one-
year recurrence endpoint and avoid outcome misclassification,
we excluded patients with <12 months of follow-up who had
no recurrence (n = 224). While methodologically necessary, this
might have limited the cohort’s representativeness, as patients
lost to follow-up could have differed systematically. Notably,
the one-year endpoint itself represented only one aspect of this
potential bias. This limitation might have affected the model’s
generalizability to broader populations. Second, while we
evaluated several machine learning models based on structured
clinical data, we did not investigate deep learning approaches
or incorporate imaging-derived features (e.g., radiomic or
ultrasound-derived features), which might have captured
more complex patterns in the data, though at the cost of
interpretability. Our deliberate focus on readily available clinical
variables was intended to maximize clinical applicability and ease
of implementation; however, this choice meant that potentially
informative imaging data were not utilized. Future studies
integrating multi-modal data may further improve predictive
accuracy. Third, despite our multicenter dataset (two centers, n
= 318), this study lacks external validation in an independent
cohort. All data were utilized for model development and
internal validation; therefore, the model’s performance on
entirely unseen populations remains unknown. This represents
a critical limitation, as the current results may not fully reflect
the model’s generalizability to broader clinical settings. Future
research should prioritize external validation using independent
cohorts with similar or larger sample sizes. We are actively
seeking collaborations with additional centers to prospectively
collect validation data, which will be essential before the model
can be considered for wider clinical implementation. Fifth, the
lack of etiological subtyping represents an important limitation.
GLM encompasses a spectrum of disorders with diverse etiologies

(e.g., infectious, autoimmune, idiopathic) that have substantially
different treatment responses and recurrence patterns. Due to the
retrospective design and the absence of standardized etiological
screening (including testing for tuberculosis, Corynebacterium,
fungi, and autoimmune antibodies) in routine clinical practice,
we were unable to stratify patients according to these subtypes.
Consequently, our machine learning models reflect average
effects across a mixed population, and heterogeneity among
subtypes may have diluted certain predictive signals. Sixth,
while our study focused on discrimination metrics, calibration
assessment—an important aspect of model performance for
clinical decision-making—was not performed. Future external
validation studies should include comprehensive calibration
evaluation, including calibration curves and Brier scores, to
further establish the model’s clinical utility.

However, this study established a multicenter, large-scale cohort
and employed multiple machine learning algorithms to predict
recurrenceriskand subsequently developedaclinicallyapplicable
web-based calculator. This tool incorporates influential features
such as treatment modalities and offers significant clinical
value by supporting personalized recurrence risk assessment
and treatment decision-making. Future research should aim
to enhance the model’s clinical utility further. Specifically,
prospective studies should incorporate standardized etiological
screening protocols and develop dedicated predictive models for
different subtypes—especially those requiring differentiation
from specific infections—to enable precision diagnosis and
treatment. Key directions include improving sensitivity to reduce
false-negative predictions. Potential strategies encompass
prospectively collecting early or dynamic biomarkers, employing
advanced machine learning techniques to handle imbalanced
data, and expanding multi-center collaborations to enrich the
sample size, particularly within the recurrence subgroup, thereby
refining the model’s ability to identify recurrence patterns.

Study Limitations

Using a multicenter cohort, this study successfully developed
and validated a RF-based prediction model for GLM recurrence
risk; the model was selected for its balanced performance across
multiple metrics and subsequently translated into a clinically
accessible web-based calculator. All five machine learning
models demonstrated comparable discriminatory performance,
with no statistically significant differences in AUC. The tool is
intended as a risk stratification aid to support clinical decision-
making, not as a definitive predictive instrument. Although
the retrospective design and the absence of deep learning
models represented limitations, this work provided a practical
tool for personalized prognostic assessment by integrating key
clinical features. External validation on larger and more diverse
populations was recommended to further enhance the model’s
clinical utility.
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ABSTRACT

Objective: The HER2CLIMB trial demonstrated the benefit of tucatinib, trastuzumab and capecitabine (TTC) in human epidermal growth factor
receptor 2 (HER2)-positive advanced breast cancer (ABC). However, it predated the clinical use of trastuzumab deruxtecan (T-DXd), leaving
limited evidence for TTC after T-DXd exposure. This national multicenter study assessed the real-world effectiveness and safety of TTC in
patients, including those previously treated with T-DXd.

Materials and Methods: This retrospective, non-interventional study included patients with HER2-positive ABC treated with TTC across 17
centers in Portugal (October 2021-May 2025). Outcomes included overall response rate (ORR), disease control rate (DCR), progression-free
survival (PFS), overall survival (0S), and safety.

Results: Eighty-one patients were included (median age 54 years). Of the patients, 39.5% (n = 32) had brain metastases, and 61.7% (n = 50) had
prior T-DXd exposure. Median follow-up was 21.0 months; ORR and DCR were 24.4% and 64.1%, respectively. Median PFS (mPFS) was 9.0 months
(m) [95% confidence interval (CI): 5.9-12.1], and median OS (mOS) was 14.0 months (m) (95% Cl: 10.5-17.5). In patients previously treated with
T-DXd, the median mPFS 7.0 m (95% Cl: 3.6-10.4) and 13.0 m (95% Cl: 9.3-16.7), respectively. Among patients with brain metastases, mPFS
was 12.0 m (95% Cl: 6.7-17.3) and mOS was 17.0 m (95% Cl: 12.9-21.1). The most frequent all grade adverse events were fatigue (58.0%) and
diarrhea (56.8%); CTCAE grade >3 events occurred in 16.0%. Treatment discontinuation due to toxicity occurred in 7.4% of participants; there
were no treatment-related deaths.

Conclusion: In this national real-world cohort, TTC demonstrated clinically meaningful activity and was not associated with any new safety

Ferreira et al.
Real-World Tucatinib in HER2+ Advanced Breast Cancer

signals in HER2-positive ABC, including patients previously exposed to T-Dxd and those with brain metastases.

Keywords: Breast cancer, HER2 protein, tucatinib, real-world data, survival analysis

KEY POINTS

* There s limited real-world evidence and a lack of prospective trial data specifically addressing the efficacy and safety of tucatinib, trastuzumab, and capecitabine
(TTQ) after trastuzumab deruxtecan (T-DXd) in HER2-positive advanced breast cancer.

This national, multicenter, real-world study evaluated TTC in 81 patients who were treated at 17 oncology centers in Portugal.

* In the cohort, TTCachieved an overall response rate of 24.4%, a median progression-free survival of 9.0 months, and a median overall survival of 14.0 months.

disease.

Clinical activity was maintained in patients previously treated with T-DXd and patients with central nervous system (CNS) metastases, including active CNS

» TTC was generally well tolerated, with low rates of grade >3 adverse events and no treatment-related deaths.

Introduction

Breast cancer (BC) is a major public health concern and the
leading cause of cancer-related death among women worldwide,
accounting for nearly one in four cancer diagnoses and one in
six cancer deaths (1). In Portugal, approximately 8,950 new cases
were diagnosed in 2022 (2). Although most BC are diagnosed at
an early stage, 5-8% of patients present with metastatic disease
at diagnosis (3).

The human epidermal growth factor receptor 2 (HER2) is
encoded by the ERBB2 gene and is a transmembrane tyrosine
kinase (TK) receptor that activates multiple intracellular
signaling pathways involved in cell growth and development (4).
HER2 gene amplification and/or protein overexpression occurs
in approximately 15-20% of BC cases (5), and is associated with
a more aggressive phenotype, characterized by a higher risk
of metastases—particularly to visceral organs and the central
nervous system (CNS) (3).

These findings provide real-world evidence supporting the effectiveness and safety of TTC in contemporary practice, including the post—T-DXd setting.

Over the past two decades, the HER2 receptor has emerged as
an effective therapeutic target, with the development of several
targeted therapies. The introduction of HER2-targeted therapies,
such as trastuzumab and pertuzumab, has significantly redefined
the treatment of HER2-positive advanced BC (ABC), providing
substantial improvements in clinical outcomes and patient
survival. Nevertheless, as patients live longer, the incidence of
CNS metastases has been rising, affecting up to 50% of individuals
with HER2+ BC (6, 7), and it is generally associated with poor
prognosis (8). Therapeutic options in this setting remain limited,
largely because most HER2-targeted agents and chemotherapy
demonstrate suboptimal intracranial activity (9).

Tucatinib is an oral TK inhibitor highly selective for the HER2
receptor kinase domain (10).

The pivotal phase Il HER2CLIMB trial evaluated the efficacy
and safety of tucatinib versus placebo, each combined with
trastuzumab and capecitabine, in patients with HER2-positive
ABC who had previously been treated with trastuzumab,
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pertuzumab, and trastuzumab emtansine (T-DM1) (11).
The study notably included patients with stable and active
CNS metastases demonstrated significant improvements in
progression-free survival (PFS) and overall survival (0S) in the
tucatinib, trastuzumab and capecitabine (TTC) arm, including
in patients with active CNS metastases. The combination was
generally well tolerated, with serious adverse events (AEs)
mainly related to palmar-plantar erythrodysesthesia (PPE) and
diarrhea.

Given the substantial cohort of patients with CNS involvement
in the HER2CLIMB trial, tucatinib has emerged as a pivotal,
albeit not exclusive, therapeutic option for this patient
subgroup. According to the European Society for Medical
Oncology guidelines, second-line treatment for HER2-positive
ABC primarily includes trastuzumab deruxtecan (T-DXd), with
TTC also listed as an option, particularly for patients with CNS
metastases; otherwise, it is mainly recommended in the third-
line setting (12).

While the HER2CLIMB trial established the tucatinib regimen
as an effective option, limited evidence exists on its real-world
efficacy and safety. Furthermore, because the study predated
widespread T-DXd use, there is a critical need for data on
tucatinib’s effectiveness in patients previously treated with
T-DXd, which would better reflect current clinical practice.

This study aims to evaluate TTC therapy in a real-world setting
and to provide data on its efficacy and safety in patients treated
at national centers. To our knowledge, there are no previous
similar studies in the Portuguese population.

Materials and Methods
Study Design and Population

This retrospective, multicenter, non-interventional study was
conducted at 17 oncology centers in Portugal. It included
patients aged >18 years with HER2-positive ABC who received at
least one cycle of the TTC regimen for advanced disease until 31
May 2025. Eligibility was not restricted by Eastern Cooperative
Oncology Group (ECOG) performance status (PS) or prior lines of
therapy. Patients were excluded if they had not received systemic
therapy for advanced disease, or if they had a history of another
malignancy within 6 months before the diagnosis of ABC.

HER2 positivity was determined at each participating center and
defined as either 3+ immunohistochemical (IHC) staining or 2+
IHC staining with positive fluorescence in situ hybridization or
silver-enhanced in situ hybridization.

The TTC regimen comprised tucatinib (300 mg orally twice
daily throughout the treatment period), trastuzumab (6 mg/kg
intravenously once every 21 days, or 600 mg subcutaneously
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once every 21 days), and capecitabine (1,000 mg/m? orally twice
daily on days 1 to 14 of each 21-day cycle). The TTC regimen was
administered until disease progression, unacceptable toxicity, or
patient preference.

Data Collection

Eligible patients were identified at participating centers
through electronic medical records, and demographic and
clinicopathological data were pseudonymized prior to analysis.

The collected baseline variables included age, ECOG (PS,
metastatic sites, number of involved organs, and prior lines
of therapy. CNS metastases were categorized as active—
defined as untreated lesions or previously treated lesions
showing progression immediately before starting TTC, without
requiring urgent local intervention—or stable. Ongoing use of
corticosteroids was permitted.

Histopathological characteristics were also recorded, including
the BC subtype and hormone receptor (HR) status (estrogen
and progesterone receptors). TTC treatment duration, clinical
response, and AEs were also recorded.

Efficacy Assessment

Tumor response was assessed according to local clinical practice,
based on imaging studies and clinical evaluation; radiologic
response and disease progression at each center were evaluated
using response evaluation criteria in solid tumors (RECIST v1.1)
and response assessment in neuro-oncology brain metastases
(RANO-BM). Patients who discontinued treatment or died before
the first radiological assessment were considered non-evaluable
for response.

Efficacy outcomes included OS, defined as the time from TTC
treatment initiation to death from any cause; PFS, defined as
the time from TTC treatment initiation to disease progression
or death from any cause; overall response rate (ORR), defined as
the proportion of patients achieving complete response (CR) or
partial response (PR); and disease control rate (DCR), defined as
the proportion of patients with stable disease (SD) in addition
to those with an objective response. Patients who had not
experienced an event by the data cut-off were censored on the
date of their last documented follow-up.

Outcomes were evaluated across the overall cohort, and
additional subgroup analyses were performed to explore
treatment outcomes in patients with CNS metastases and in
those previously treated with T-DXd.

Safety Assessment

AEs were extracted from medical records and graded on the
Common Terminology Criteria for Adverse Events (CTCAE), version
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5.0 (13). Safety outcomes included the incidence of grade >3 AEs
and treatment discontinuation due to toxicity.

Statistical Analysis

All statistical analyses were performed using IBM SPSS statistics®
version 25.0. Continuous variables are presented as medians with
95% confidence intervals (Cls) and interquartile ranges (IQRs);
categorical variables are presented as absolute and relative
frequencies. Survival outcomes (OSand PFS) were estimated using
the Kaplan-Meier method, with group comparisons performed
using the log-rank test, and hazard ratios (HRs) with 95% Cls were
estimated using Cox proportional hazards regression. A p-value
<0.05 was considered statistically significant.

Ethics Approval

This study was approved by the Ethics Committee of the Local
Health Unit of Sdo José (approval number: 1728/2025_MJH/
MAB/NO, date: 10.10.2025).

Results
Patient Characteristics

A total of 81 patients with HER2-positive ABC were enrolled
at 17 oncology centers in Portugal and received TTC. All
patients were female, with a median age of 54 years (IQR 48—
62); fourteen patients (17.3%) were older than 65 years. The
majority (n = 76, 93.8%) had an ECOG PS of 0 or 1. Regarding
tumor biology, 72.8% (n = 59) had HR—positive disease, and
invasive carcinoma of no special type was the most common
histologic subtype (n = 73, 90.1%). At diagnosis, approximately
one- third of patients (n = 29, 35.8%) presented with metastatic
disease. The most frequent metastatic sites were bone (n = 53,
65.4%), liver (n = 37, 45.7%), and lung (n = 37, 45.7%). Thirty-
two patients (39.5%) had CNS metastases, of whom 62.5% (n =
20) were active. The median number of prior treatment lines
for metastatic disease was 3 (IQR 2-3, range 2-8). TTC was
third-line therapy in 37.0% (n = 30) and fourth-line therapy in
48.1% (n = 39) of patients. Prior exposure to anti-HER2 agents
included trastuzumab in 79 patients (97.5%), pertuzumab
in 71 patients (87.7%), trastuzumab emtansine (T-DM1) in
76 patients (93.8%), and trastuzumab deruxtecan (T-DXd)
in 50 patients (61.7%). Additionally, 77 patients (95.1%) had
previously received chemotherapy.

Among patients previously treated with T-DXd, 86.0% (n = 43)
initiated TTC immediately after disease progression. In this
subgroup, the median age at TTC initiation was 53.5 years
(IQR 48-62), and 94.0% (n = 47) had an ECOG PS of 0 or 1. CNS
metastases were present in 28.0% (n = 14), of which 57.1% (n = 8)
were active. Table 1 summarizes patient characteristics.

Table 1. Baseline demographics and clinical characteristics
of patients with HER2 + MBC receiving TTC

Patients
Overall previously
Characteristics cohort treated with
(n=81) T-DXd

(n =50)
Female sex, n (%) 81 (100) 50 (100)
cegsrzszt TTC initiation, median (IQR), 54.0 (48-62) | 53.5 (48-62)
ECOG Performance Status score, n (%)
0 30 (37.0) 21 (42.0)
1 46 (56.8) 26 (52.0)
2 5(6.2) 3(6.0)
Hormone-receptor status, n (%)
Positive for ER, PR, or both 59 (72.8) 38(76.0)
Negative for ER and PR 22 (27.2) 12 (24.0)
Histology, n (%)
No special type 73(90.1) 44 (88.0)
Lobular 6(7.4) 5(10.0)
Other 2(2.5) 1(2.0)
Stage IV at initial diagnosis, n (%) 29 (35.8) 18 (36.0)
Sites of metastasis, n (%)°
Bone 53 (65.4) 35 (70.0)
Liver 37 (45.7) 21 (42.0)
Lung 37 (45.7) 27 (54.0)
NS 32(39.5) 14 (28.0)
Cutaneous 16 (19.8) 9(18.0)
Other 19 (23.5) 10 (20.0)
Previous therapies in metastatic setting, n (%)
Trastuzumab 79 (97.5) 48 (96.0)
Pertuzumab 71(87.7) 44 (88.0)
T-DM1 76 (93.8) 45 (90.0)
T-DXd 50 (61.7) 50 (100)
Lapatinib 8(9.9) 6(12.0)
Chemotherapy 77 (95.1) 49 (98.0)
Metastatic treatment line at TTC initiation, n (%)
Third line 30 (37.0) 5(10.0)
Fourth line 39 (48.1) 37 (54.0)
Others 12 (14.8) 8 (16.0)

ECOG: Eastern Cooperative Oncology Group; ER: Estrogen receptor; IQR:
Interquartile range; PR: Progesterone receptor; T-DM1: Ado-trastuzumab
emtansine; T-DXd: Trastuzumab deruxtecan; TTC: Tucatinib, trastuzumab
andcapecitabine; IQR: Interquartile range; HER2: Human epidermal growth factor
receptor 2; MBC: Metastatic breast cancer, a: Not mutually exclusive
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Efficacy Outcomes

All patients received TTC according to the approved dosing
schedule and were October 1,2021and May 31, 2025. The median
follow-up was 21.0 months, with patients receiving a median
of 7 cycles of TTC (range, 1-36). At the data cut-off (December
2025), 9 patients (11.1%) remained on active treatment, while
65 patients (80.2%) discontinued TTC due to disease progression,
and 7 patients (8.6%) discontinued due to toxicity. Seventy-
eight of 81 patients were evaluable for response according to
RECIST v1.1 and RANO-BM. Three patients were not evaluable for
response: one died from a non—treatment-related cause before
the first assessment; one discontinued treatment due to toxicity;
and one discontinued due to clinical deterioration.

In the overall cohort, the ORR was 24.4%, including 2 (R
(2.6%) and 17 PR (21.8%). An additional 31 patients (39.7%)
experienced SD, resulting in a DCR of 64.1%. Thirty-one patients
(39.7%) had disease progression as their best response. Median
0S (mOS) was 14.0 months (95% Cl: 10.5-17.5) (Figure 1), with a
12-month OS rate of 59.1%. Median PFS (mPFS) was 9.0 months
(95% Cl: 5.9-12.1; Figure 2), and the 12-month PFS rate was

00 20,00 40,00 60,00 80,00

Time (months)

Figure 1. Kaplan-Meier curves for overall survival (0S) in
the overall cohort
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Figure 2. Kaplan-Meier curves for progression-free survival
(PFS) in the overall cohort
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38.0%. Response and survival outcomes are summarized in
Tables 2 and 3.

Among patients previously treated with T-DXd, the ORR was
23.4%, including 9 patients (19.1%) with PR and 2 patients
(4.3%) with CR, yielding a DCR of 61.7%. In this subgroup, mPFS
was 7.0 months (95% Cl: 3.6-10.4), and mOS was 13.0 months
(95% Cl: 9.3—-16.7). In the subgroup of 31 patients who had not
received T-DXd prior to TTC, the ORR was 25.8% and the DCR
was 67.7%. The mOS was 28.0 months (95% Cl: 11.5-44.5), and
the mPFS was 12.0 months (95% Cl: 6.8—17.2). The mOS was
significantly longer in T-DXd—naive patients compared with
those previously treated with T-DXd (p = 0.032; HR: 0.52; 95%
Cl: 0.28-0.97) (Figure 3), whereas no statistically significant
difference was detected in mPFS (p = 0.104; HR: 0.63; 95% Cl:
0.35-1.13) (Figure 4).

Among the 32 patients with CNS metastases, the ORR was 15.6%
(4 PR, 1 CR), and the DCR was 71.9%. The mPFS in patients
with CNS involvement was 12.0 months (95% Cl: 6.7-17.3), and
the mOS was 17.0 months (95% Cl: 12.9-21.1). In patients with
active CNS metastases (n = 20), mPFS was 10.0 months (95%
Cl: 4.0-16.0); in those with stable CNS metastases (n = 12),
mPFS was 14.0 months (95% Cl: 4.3—-23.7). The mOSs were 13.0
months (95% Cl: 4.9-21.1) and 18.0 months (95% Cl; 8.7-27.3),
respectively.

10 —T-DXd-naive

— 7 Prior T-DXd
~+—T-DXd-naive - censored
—+—Prior T-DXd - censored

08

0,6

0os

0,2

00 20,00 40,00 60,00 80,00

Time (months)

Figure 3. Kaplan-Meier curves for overall survival (OS)
according to prior exposure to trastuzumab deruxtecan
(T-DXd). Median OS was 28.0 months in T-DXd—naive
patients and 13.0 months in those previously treated with
T-DXd (log-rank p = 0.032; HR: 0.52; 95% Cl: 0.28-0.97)

HR: Hazard ratio; Cl: Confidence interval
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Table 2. Best overall response to tucatinib in combination with trastuzumab and capecitabine according to RECIST v1.1 in
the overall cohort and key subgroups
overall cohort Patients previously Patients yvith CNS
Efficacy measures treated with T-DXd metastasis
(n=81) (n = 50) (n=32)
Best overall response according to RECIST v1.14, n (%)
Complete response 2(2.6) 2(4.3) 13.1)
Partial response 17 (21.8) 9(19.1) 4(12.5)
Stable disease 31(39.7) 18 (38.3) 18 (56.3)
Progressive disease 31(39.7) 21 (44.7) 9(28.1)
Not available 3 3 0
Rate of response, (%)
Overall response rate 244 234 15.6
Disease control rate 64.1 61.7 71.9
CNS: Central nervous system; RECIST: Response Evaluation Criteria in Solid Tumors; T-DXd: Trastuzumab deruxtecan
2 Responses were assessed by local investigators according to RECIST version 1.1

tucatinib, trastuzumab, and capecitabine

Table 3. Progression-free survival and overall survival outcomes in the overall cohort and predefined subgroups treated with

PFS 0S
No of
patients = Median (95% CI), | 12-month = Median (95% Cl), 12-month
months rate (%) months rate (%)
Overall cohort 81 9.0 (5.9-12.1) 38.0 14.0 (10.5-17.5) 59.1
Patients with no prior exposure to T-DXd 31 12.0 (6.8-17.2) 67.2 28.0 (11.5-44.5) 70.4
Patients previously treated with T-DXd 50 7.0 (3.6-10.4) 30.7 13.0 (9.3-16.7) 52.1
Duration of previous T-DXd treatment (months)
<6 10 6.0 (2.0-10.0) 36.0 16.0 (8.8-23.2) 68.6
>6t0 <12 13 5.0 (0.0-11.5) 46.2 10 (1.7-18.3) 44.9
>12 27 8.0 (3.4-12.6) 28.7 12 (8.1-15.9) 49.9
TTC immediately after T-DXd treatment
Yes 43 7.0 3.9-10.1) 315 14 (11.5-16.5) 56.2
No 7 3.0(2.2-3.8) 28.6 6.0 (3.4-8.6) 28.6
Population with CNS metastases 32 12.0 (6.7-17.3) 46.2 17.0 (12.9-21.1) 61.8
Type
Active 20 10.0 (4.0-16.0) 411 13.0 (4.9-21.1) 55.0
Stable 12 14.0 (4.3-23.7) 54.7 18.0 (8.7-27.3) 72.2

free survival

CNS: Central nervous system; T-DXd: Trastuzumab deruxtecan; TTC: Tucatinib, trastuzumab and capecitabine; CI: Confidence interval; OS: Overal survival; PFS: Progression-

Safety

Seventy-four patients (91.4%) experienced treatment-related
AEs of any grade. The most frequent AEs were fatigue (n
= 47, 58.0%), diarrhea (n = 46, 56.8%), PPE (n = 35, 43.2%),
nausea (n = 29, 35.8%), and elevated liver enzymes (n = 23,
28.4%). Ten patients (12.3%) experienced grade 3 AEs, mainly
dermatologic and gastrointestinal: the most common were PPE
(n =5, 6.2%) and diarrhea (n = 3, 3.7%). In total, 13 grade-3

events occurred, as some patients experienced multiple severe
AEs. There were no grade 4 events. In patients aged >65 years
(n = 14), 13 (92.9%) experienced treatment-related AEs of any
grade with fatigue and PPE being the most common; 3 patients
(21.4%) experienced grade 3 AEs including PPE (n = 2) and
hyperbilirubinemia (n = 1).

Thirty-three patients (40.7%) received prophylaxis. Twenty-seven
patients (33.3%) required dose modifications due to toxicity
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Figure 4. Kaplan-Meier curves for progression-free survival
(PFS)according to prior exposure to trastuzumab deruxtecan
(T-DXd). Median PFS was 12.0 months in T-DXd-naive
patients and 7.0 months in patients previously treated with
T-DXd (log-rank p = 0.104; HR: 0.63; 95% CI: 0.35-1.13)

HR: Hazard ratio; Cl: Confidence interval

and 36 (44.4%) required temporary treatment interruptions. Six
patients (7.4%) discontinued treatment due to grade 3 PPE (n =
2), grade 3 diarrhe a (n = 1), grade 3 stomatitis (n = 1), grade
3 elevation of aspartate aminotransferase (n = 1), and grade
2 vomiting and diarrhea (n = 1). No treatment-related deaths
occurred. Table 4 summarizes overall and grade 3 AEs according
to CTCAE.

Discussion and Conclusion

The therapeutic landscape of HER2-positive ABC is rapidly
evolving, with the emergence of multiple anti-HER2 therapies,
including the TTC combination. This multicenter, real-world
Portuguese study evaluated TTCin 81 patients with HER2-positive
ABC at 17 oncology centers nationwide. It—expands—current
evidence on the effectiveness of TTCin patients previously treated
with T-DXd, now established as the standard first- or second-line
therapy (14, 15). Importantly, it provides contemporary data in
the post—T-DXd setting, where prospective trial evidence remains
limited, and enables a pragmatic assessment of TTC sequencing
after antibody—drug conjugate therapy.

Several baseline characteristics distinguish our real-world
population from those in the HER2CLIMB trial and should be
considered when interpreting the results. Compared with the
trial population, our cohort reflects broader eligibility criteria
and the heterogeneity typically seen in routine practice,
including patients with ECOG PS 2 and a higher burden of
visceral disease, particularly liver metastases. Conversely,
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Table 4. Incidence of treatment-related adverse events
of any grade and grade 3 among patients treated with
tucatinib, trastuzumab, and capecitabine in the overall
cohort
Adverse events Any grade® | Grade 3°
n (%) n (%)
Any adverse event 74 (91.4) 13 (16.0)
Fatigue 47 (58.0) 0(0)
Diarrhea 46 (56.8) 3(3.7)
PPE syndrome 35(43.2) 5(6.2)
Nausea 29 (35.8) 0(0)
Aspartate aminotransferase increased 21(25.9) 0(0)
Alanine aminotransferase increased 20 (24.7) 2 (2.5)
Vomiting 17 (21.0) 0(0)
Stomatitis 12(14.8) 1(1.2)
Decreased appetite 4(4.9) 0(0)
Decreased ejection fraction 4(4.9) 0(0)
Onycholysis 3(3.7) 1(1.2)
Dysgeusia 3(3.7) 0(0)
Neutropenia 2(2.5) 0(0)
Blood bilirubin increased 2(2.5) 1(1.2)
Anemia 1(1.2) 0(0)
PPE: Palmar-plantar erythrodysesthesia
2. Adverse events were graded according to the Common Terminology Criteria for
Adverse Events, version 5.0

our cohort included a lower proportion of patients with CNS
metastases and fewer active CNS lesions at treatment initiation.
This may reflect differences in imaging strategies: routine brain
imaging was mandatory in HER2CLIMB, whereas in routine
practice imaging is often symptom-driven, potentially leading
to underdiagnosis of asymptomatic disease. An additional
distinguishing feature of this study is the high proportion of
patients previously treated with. At the time of HER2CLIMB
enrollment, T-DXd was not part of the therapeutic landscape,
leaving uncertainty regarding the efficacy and safety of TTC
after prior exposure, an issue addressed by this real-world
analysis.

Despite these differences, TTC demonstrated clinically
meaningful efficacy in this real-world cohort. When focusing
on the subgroup of patients not previously exposed to T-DXd—
more closely reflecting the HER2CLIMB population—both mOS
and mPFS were numerically longer than those reported in
the pivotal trial (mOS 28.0 vs. 21.9 months; mPFS 12.0 vs. 7.8
months), suggesting that TTC retains clinical activity in routine
practice in this setting.
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In the overall cohort, PFS was comparable to that observed in
HER2CLIMB, with a modestly longer median PFS and 12-month
PFS rate This difference likely reflects variations in prior
treatment exposure—particularly the inclusion of patients
previously treated with T-DXd—and a less-selective patient
population. When considered alongside other real-world
series, the survival outcomes in our study fall within the range
reported in contemporary cohorts, including a French real-world
series that enrolled patients treated with TTC after prior T-DXd
exposure, despite differences in sample size, follow-up duration,
and treatment sequencing (16).

Within the population previously treated with T-DXd, TTCretained
clinically meaningful activity, with an mOS of 13.0 monthsand an
mPFS of 7.0 months. These outcomes align with those reported
in other real-world cohorts evaluating TTC after prior T-DXd
exposure, including the aforementioned French cohort and two
American real-world analyses (17, 18). In those studies, median
PFS ranged from 4.7 to 5.5 months among patients receiving
tucatinib-based regimens after T-DXd, with a median of three
to four prior lines of therapy, reflecting that these patients were
more heavily pretreated than those in our cohort. Together,
these findings indicate that TTC retains activity after T-DXd
exposure across different clinical settings, despite variations in
cohort size, prior treatment burden, follow-up duration, and
treatment sequencing. In our study, prior exposure to T-DXd
was associated with worse overall survival, whereas T-DXd—naive
patients exhibited a lower risk of death (HR: 0.52; 95% Cl: 0.28—
0.97). Although no statistically significant difference in mPFS was
detected between the two subgroups, given the limitations of the
sample size (p = 0.104), the approximately 5-month difference in
median PFS favoring T-DXd-naive patients may still be clinically
meaningful. Emerging evidence suggests that prior exposure to
antibody—drug conjugates such as T-DXd, beyond representing
a more heavily pretreated population, may induce biological
changes—including loss of HER2 expression, altered HER2
binding, and increased drug efflux—that could attenuate, but
not eliminate, sensitivity to subsequent HER2-directed therapies.
These mechanisms may contribute to the reduced magnitude
and durability of responses observed in the post—T-DXd setting
(19-21). Given the recent shift toward the earlier use of T-DXd,
the post—T-DXd subgroup in our cohort likely reflects early real-
world experience following its integration into routine practice.
Consequently, outcomes with TTC in this subgroup should be
interpreted in the context of this evolving therapeutic landscape.
In addition, survival comparisons by prior T-DXd exposure were
based on univariate analyses, and multivariable adjustment was
not performed due to the limited sample size and the number of
events. Therefore, the observed differences in survival outcomes
may have been influenced by baseline imbalances in prognostic
factors, such as prior lines of therapy or disease burden, rather
than representing independent treatment effects. These findings

should therefore be interpreted as descriptive and hypothesis-
generating.

Notably, most patients (86.0%) initiated TTC immediately after
progression on T-DXd. Direct sequencing of TTC after T-DXd was
associated with numerically longer mPFS and higher 12-month
OS rates than in patients who received other systemic therapies
between T-DXd and TTC (Table 3). The observed differences in
outcomes could be due to the sequence of treatments or to a
greater cumulative treatment burden among patients.

The TTC activity in CNS metastases was particularly noteworthy.
In our study, mPFS among patients with CNS involvement
reached 12 months, exceeding results reported in HER2CLIMB
and other real-world cohorts (16, 17), and further supporting
the intracranial activity of TTC. As expected, patients with stable
CNS disease experienced more favorable outcomes than those
with active CNS metastases. These findings support the role
of TTC as a relevant therapeutic option for patients with CNS
involvement, a population with historically limited therapeutic
alternatives.

To our knowledge, real-world data specifically addressing
the safety of TTC after T-DXd exposure remain limited. In this
cohort, the tolerability of TTC was consistent with the safety
profile reported in HER2CLIMB. As in the HER2CLIMB trial, the
most common AEs associated with TTC were diarrhea, PPE,
nausea, fatigue, and elevations in hepatic transaminases.
AEs of any grade were reported in 91.4% of patients in
our cohort, which is comparable to the rate reported in
HER2CLIMB. Regarding grade >3 AEs, the reported frequency
in the present cohort was 16%, which was lower than that
observed in the HER2CLIMB trial (55.5%). While this difference
should be interpreted with caution, the overall toxicity profile
was consistent with that reported in HER2CLIMB, with grade
>3 events predominantly consisting of PPE, diarrhea, and
elevations in hepatic transaminases. Although prophylactic
antidiarrheal therapy was not mandated in HER2CLIMB, 40.7%
of patients in our cohort received loperamide prophylaxis,
which may have contributed to a lower incidence of any-
grade diarrhea compared with HER2CLIMB. No new safety
signals were identified, and AEs were generally manageable
with supportive care measures, dose reductions, and
temporary treatment interruptions. Conversely, compared
with HER2CLIMB, our study observed slightly higher rates of
dose modifications and treatment discontinuation due to AEs,
likely reflecting differences in patient selection, comorbidity
burden, and toxicity management strategies in routine
clinical practice. In HER2CLIMB, capecitabine discontinuation
for treatment-related toxicity was permitted while continuing
tucatinib and trastuzumab. Although not reported in our
cohort, this pragmatic approach could help mitigate toxicity
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and prevent premature treatment discontinuation in routine
practice.

Study Limitations

Some limitations of this real-world study include inherent
challenges of routine clinical practice, in which less-standardized
protocols may cause clinicians to inconsistently report treatment-
related AEs, potentially underestimating toxicity. In addition,
heterogeneity in the timing of radiological response assessments
across centers represents a significant limitation compared with
centralized imaging evaluation. Survival comparisons by prior
T-DXd exposure were based on univariate analyses, as the limited
sample size precluded multivariable adjustment; therefore,
residual confounding cannot be excluded. The retrospective
nature of the study should be considered when interpreting
these findings.

This national real-world cohort demonstrates that the TTC
regimen has clinically meaningful activity and no unexpected
safety signals in patients with HER2-positive ABC, including those
with CNS metastases and prior exposure to T-DXd. These findings
reinforce the clinical utility of TTC in contemporary practice,
including in patients previously treated with T-DXd.
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ABSTRACT

Objective: To map global practice patterns and disparities in the use of preoperative breast magnetic resonance imaging (MRI) for early breast
cancer (EBC) among members of the Senologic International Society (SIS) and SIS Working Group.

Materials and Methods: A cross-sectional, web-based survey was distributed to SIS members worldwide. The questionnaire captured respondent
demographics, center characteristics, local/national breast MRI use, guideline perceptions and personal practice, specific indications for MRI,
and decision-making influences.

Results: We analyzed 114 responses from 17 countries. Significant variations were observed. While 36/46 (78.3%) of Japanese respondents
perceived national guidelines as recommending preoperative MRI, only 18/60 (30%) of Europeans did. Overall, 96/114 (84.2%) of all respondents
believed preoperative MRI provided a patient benefit, with none believing it caused harm. The most frequent indications in the total cohort
were invasive lobular carcinoma (106/114, 93.0%), mammographic/sonographic suspicion of multifocality/multicentricity (96/114, 84.2%) and
planned neoadjuvant therapy (89/114, 78.1%), while in Japan ductal carcinoma in situ (DCIS) or accompanying DCIS component was the most
frequent indication (45/46, 97.8%). Half of respondents stated that national guidelines recommend preoperative breast MRI for EBC (57/114,
50%). Furthermore, 30/57 (52.6%) of these “guideline-positive” respondents reported performing more MRIs than advised while most guidelines
recommending only selected preoperative indications such as invasive lobular histopathology, dense breasts, suspicion of multifocality/
multicentricity or imaging inconsistencies. Key influencing factors included specialty, reimbursement, and time to access preoperative MRI.

Conclusion: This SIS-based international survey revealed heterogeneous global adoption of preoperative breast MRI for EBC, highlighting a
significant gap between evidence-based guidelines and real-world practice. Clinical decisions are heavily influenced by geography, culture and
resources, and belief in patient benefit. These findings highlight the need to tailor guidelines to local contexts, and strengthen awareness and

dissemination efforts, together with further research to clarify the role of MRI in the modern multidisciplinary management of EBC.

Keywords: Early breast cancer; magnetic resonance imaging; preoperative staging; practice patterns; guidelines; international survey
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Introduction

The preoperative assessment of early breast cancer (EBC) aims
to achieve complete tumor resection with optimal cosmetic
outcomes. EBC represents stage | and stage Il invasive cancers
according to a narrow definition and includes ductal carcinoma
in situ (DCIS) and stage I1IA or even operable stage 111B according
to a broader oncological definition. While mammography and
ultrasound are standard imaging modalities to assess disease
extent, breast magnetic resonance imaging (MRI) offers superior
sensitivity, with a median incremental cancer detection rate of
16% compared to conventional imaging (1). This has fueled a
rising trend in preoperative MRI use, particularly in the United

States, where preoperative breast MRI application rates in EBC
reached 60% for women under 65 years of age in 2020 (2-4).

The clinical benefit of routine preoperative MRI, however,
remains controversial. While it improves surgical planning,
randomized trials have shown it can increase mastectomy rates
by 8% without demonstrating a significant improvement in local
relapse-free or overall survival (5-8). Other studies suggest this
initial increase in mastectomies may be balanced by a reduction
in reoperation rates (9-12). The largest and most recent meta-
analysis demonstrated both improved recurrence-free survival
(hazard ratio = 0.77) and better overall survival (hazard ratio
= 0.89) with the use of pre-operative contrast-enhanced MRI
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Table 1. Summary table comparing national and international key guidelines on preoperative breast MRI in early breast
cancer, with a focus on routine breast MRI in EBC and recommended selected indications
Organization/ | Routine breast MRI | Recommended indications for Notes/latest update
country recom-mended? preoperative use of breast MRI
Ipsilateral and contralateral DCIS and invasive
ACR (USA) No carcinoma, particularly invasive lobular carcinoma American College of Radiology 2025
(ILC), invasion of underlying fascia and muscle, 8 8y
neoadjuvant treatment response assessment
ILC, dense breasts, multifocal or contralateral . . R . .
o . ’ . .| Arbeitsgemeinschaft Gyndkologische Onkologie
AGO (Germany) | No suspicion, discrepancy Mx/ultrasound and histologic (AGO). Breast Committee of the AGO 2024
tumor extent
ILC, young women, dense breasts, i i
ASBIS (USA) No : y g omen The American Society of Breast Surgeons
inconclusive imaging (ASBFS). ASBrS Resource Guide 2023
Fd ol and et s 1 hina s aner scition (A, A
CACA (China) No . . . . ’ Guidelines for Holistic Integrative Management
pectoralis fascia, pectoralis major muscle, and chest of Breast Cancer 2022
wall
ILC, dense breasts, multifocal/ European Society of Breast Imaging (EUSOBI)
EUSOBI (Europe) | No . . .. ’
( be) multicentric suspicion EUSOBI 2008
ILC, imaging discrepancy, European Society for Medical Oncology (ESMO).
ESMO (Europe) No high-risk patients ESMO Early Breast Cancer Guidelines 2023
German $3 ILC, dense breasts, multifocal Evidence-based Guideline for the Early
Guidelines No . Detection, Diagnosis, Treatment and Follow-up
(Germany) suspicion of Breast Cancer. German $3 Guideline 2025*
ILC, young women, dense breasts, . .
INCa (France) No . S Institut National du Cancer (INCa). INCa 2023
inconclusive findings
. . . . . Japanese Breast Cancer Society. Clinical
JBCS (Japan) No MRI is recommended in determining diagnosis and Practice Guidelines for breast cancer screening
treatment policies for intra-breast lesions . .
and diagnosis 2022
NCCN (USA) No ILC, high-risk patients, National Comprehensive Cancer Network
inadequate conventional imaging (NCC). NCCN Breast Cancer Guidelines 2025
. . . National Institute for Health and Care
NICE (UK) No ILC, diagnostic uncertainty Excellence (NICE). NICE NG101 2025
ILC, dense breasts, diagnostic Society of Breast Imaging (SBI). SBI Position
SBI (USA) No .
uncertainty Statements 2024
*Note: ILC: Invasive lobular cancer; DCIS: Ductal carcinoma in situ; MRI: Magnetic resonance imaging; EBC: Early breast cancer

(13), though some of this benefit may reflect patient selection
(with healthier women having MRI). This conflicting evidence
is reflected in heterogeneous national and international
guidelines, which largely advise against routine use, reserving
it for specific scenarios, such as histologically-proven invasive
lobular carcinoma, dense breasts, suspicion of multifocality/
multicentricity or imaging inconsistencies (Table 1). This creates
clinical ambiguity. While national trends for preoperative MRI
are documented for the United States, comprehensive data on
global practice patterns are lacking. The present study aimed to
map current global practices, perceived benefits, and challenges
associated with preoperative breast MRl in EBC among members
of the Senologic International Society (SIS) and SIS Working Group
to identify key drivers and areas for improvement.
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Materials and Methods
Study Design and Survey Distribution

This study was performed according to the principles of the
Declaration of Helsinki. After reviewing several international
guidelines, a cross-sectional, web-based survey was conducted.
The authors developed a 20-question English-language
questionnaire, designed to be completed within 10 minutes.
The questionnaire was distributed via email to members of
the SIS and its working groups. A total of 120 recipients at an
expert level were asked to answer and to forward the survey to
other experienced colleagues. Communicative hubs among the
experts helped to extend the reach of the survey. However, due
to data protection regulations, we were not given information
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on the number or identities of the experts contacted, making
it impossible to calculate an exact response rate. The SIS is a
worldwide federation of over 100 societies devoted to breast
care, and its associated SIS working group comprise groupings
of individual experts.

Data Collection

The survey was hosted online using a survey and feedback
platform named PM+ (Performance Management Plus), and
responses were collected over 14 days (October 28-November 11,
2024).

Statistical Analysis

Data from 114 respondents were analyzed using SPSS, version
31 (IBM Inc., Armonk, NY, USA). Analyses included descriptive
statistics, chi-square test, Kruskal-Wallis tests, cross-tabulation
and ordinal logistic regression (PLUM, Polytomous Universal
Model). The threshold for significance was p<0.05.

Survey Content

The survey was divided into five sections: Section A: Respondent
demographics (specialty, continent, country). Section B:
Affiliation and center characteristics (certification status, type
of institution, annual breast cancer operation volume). Section
C: Local and national MRI use (annual MRI volume, national
infrastructure, reporting, reimbursement, access times). Section
D: MR policy and guidelines (guideline recommendations,
personal adherence, perceived patient benefit, comparison with
other modalities, eg CEM). Section E: Specific indications (patient
characteristics, risk factors, and planned treatment options
qualifying for MRI). All questions included in the questionnaire
are shown in Table 1 of the Supplementary Material.

Results
Guideline Recommendation

Several international guidelines have been reviewed and judged
whether they recommend routine preoperative breast MRI. The
summarized results are shown in Table 1. All guidelines were
judged to indicate that preoperative MRI was appropriate but
only in specific circumstances with none recommending routine
use in all patients. These guidelines suggest preoperative MRI
for specific conditions, where conventional mammographic and
ultrasound imaging is limited, and/or the risk for additional
cancers is increased, such as in invasive lobular carcinoma,
dense breasts, suspicion of multifocality/multicentricity, or
larger size on ultrasound than mammography. Further, most
guidelines require that centers should also have the facilities
to perform correlation with prior breast imaging, to offer MRI-
guided biopsy, and to have the capacity for multidisciplinary
discussion and assessment of imaging-pathology concordance.
We did not review protocol specifications such as abbreviated
MRI or inclusion of diffusion-weighted imaging.

Respondent Characteristics, Heterogeneous Distribution

Of 114 respondents, 50.0% (n = 57) were radiologists and 46.5%
(n = 53) were breast surgeons and 3.5% (n = 4) oncologists
(Table 2). Most participants were from Europe (52.6%, n =

60) or Asia (40.4%, n = 46), all of whom were from Japan.

The countries with the highest numbers of respondents were
Japan (40.4%, n = 46), Germany (28.9%, n = 33), Belgium

(9.6%, n = 11), the USA (3.5%, n = 4) and Tiirkiye (3.5%, n = 4).
The majority (89.5%, n = 102/114) worked in certified breast
centers, distributed across community-based hospitals (33.3%,
n = 38), university hospitals (31.6%, n = 36), and private

Table 2. Respondent characteristics-specialty, continent, breast center certification

Characteristic ‘ Surgical specialties (n = 53) ‘ Radiology (n = 57) ‘ Others (n=4) ‘ Total cohort* (n = 114)
Continent

Europe 10 (18.9%) 47 (82.5%) 3 (100%) 60 (52.6%)

Asia (all from Japan) 41 (77.4%) 5 (8.8%) 46 (40.4%)

North America 1(1.9%) 3(5.3%) 4 (3.5%)

Latin America 1(1.9%) 2 (3.5%) 3(2.6%)

No answer 1(33.3%) 1(0.9%)

Certified breast center

Yes 50 (94.3%) 49 (86.0%) 3 (100%) 102 (89.5%)

No 3 (5.7%) 8 (14.0%) 11 (9.6%)

No answer 1(33.3%) 1(0.9%)

*Note: Total cohort represents all responding specialties including medical oncology, radiation oncology. Three gynecological breast surgeons are classified under surgical
specialties
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institutions (29.8%, n = 34) or other institutions (5%, n = 5, and
one missing answer). In general, the answers to all questions
were significantly heterogeneously distributed (all p<0.05).

Center Volume, Breast MRI Turnaround Times and MRI
Infrastructure

Center Volumes: The mean number of annual breast cancer
operations per center was 355. The mean number of annual
breast MRI examinations was 514. In Europe and North America,
MRI use was concentrated in fewer centers with high annual
examination volumes (“high-volume, concentrated use”). In
contrast, Asia (Japan) showed broader diffusion, with more
centers adopting preoperative MRI but each performing fewer
examinations (“low-volume, diffuse adoption”) (Table 2 of the
Supplementary Material).

MRI Turnaround Times: 98% (n = 112/114) of total respondents
reported a significant variation across continents in timespan

between request of the breast MRI to the MRI report (Kruskal-
Wallis p = 0.002). Rapid access to MRI results (within 7 days) was
reported by 67.5% (n = 77/114) of respondents, with 19.6% (n =
9/46) in Japan having access on the same day.

MRI Infrastructure: The knowledge about national MRI
infrastructure was limited, with 38.6% (n = 44/114) of
respondents not answering this question. Reimbursement by the
public health system was more comprehensive in Japan (79.5%,
n = 35/44 public health coverage) than in Europe (64.4%, n =
58/90).

Indications for Preoperative MRI

Indications are detailed in Table 3. Overall, the most common
indications based on patient characteristics were invasive lobular
carcinoma (93.0%, n = 106/114) and suspicion of multifocality/
multicentricity on conventional imaging (84.2%, n = 96/114). For
risk factors, family history of breast cancer (76.3%, n = 87/114)

Table 3. Preoperative patient characteristics that qualify for preoperative breast MRI in early breast cancer in daily routine
(following to non-invasive biopsy and after imaging by other modalities than breast MRI)

Preoperative patient characteristics

Absolute numbers and percentual frequency (total cohort n = 114)*

Lobular invasive cancer histology

106/114 (93.0%)

Multicentricity at imaging

96/114 (84.2%)

Multifocality at imaging

96/114 (84.2%

DCIS or accompanying DCIS component

Other invasive histology than lobular invasive cancer

(
77/114 (67.5%
62/114 (54.4%

Additional B3 lesions at non-invasive biopsy

42/114 (46.8%

T2 stage at basic complimentary imaging

T3 stage at basic complimentary imaging

46/114 (40.4%

T1 stage at basic complimentary imaging

45/114 (39.5%

Lymph node metastasis at biopsy

37/114 (32.5%

Grading at biopsy

)
)
)
)
50/114 (43.9%)
)
)
)
)

Systemic metastasis at imaging

(
(
18/114 (15.8%
10/114 (8.8%)

Additional risk factors

Family breast cancer history 87/114 (76.3%)
High breast density 84/114 (73.7%)
Previous breast cancer 71/114 (62.3%)
Age <50 67/114 (58.8%)
Age =50 16/114 (14.0%)
Age >75 8/114 (7.0%)

Planned treatment options

Planned neoadjuvant therapy

89/114 (78.1%

Planned breast conservative therapy

Planned oncoplastic surgery

59/114 (51.8%

Planned modified radical mastectomy

( )
81/114 (71.1%)
( )
( )

21/114 (18.4%

DCIS: Ductal carcinoma in situ; MRI: Magnetic resonance imaging
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and high breast density (73.7%, n = 84/114) were the most cited.
In terms of treatment planning, neoadjuvant therapy (78.1%,
n = 89/114) and breast-conserving therapy (71.1%, n = 81/114)
were the primary drivers. Significant variation was seen for T1
staging, supported by 76.1% (n = 35/46) of Japanese respondents
but only 13.3% (n = 8/60) of Europeans (p<0.001). Detailed cross
calculations are included in the Supplementary Material.

Guideline Perceptions and Personal Practice

Guideline Perception: Half of the respondents (50.0%, n = 57/114)
reported that their national guidelines recommend preoperative
MRI for EBC. This perception was more frequent among breast
surgeons (67.9%, n = 36/53) than radiologists (31.6%, n = 18/57).
Further, this perception was stronger in Japan (78.3%, n = 36/46)
compared to Europe (30.0%, n = 18/60) (Table 4), a remarkable
contrast to the actual guideline positions shown in Table 1. The
practice guidelines of the American College of Radiology (ACR)
and the Japanese are liberal in evaluating the extent of disease
with newly diagnosed breast cancer and both include DCIS as an
indication. However, most guidelines at the time of the survey
suggest limiting the use of preoperative MRI to only a few select
patient populations.

Personal Practice: Strikingly, among those 57 respondents who
perceived guidelines as supportive, 52.6% (n = 30/57) reported
performing more MRIs than guidelines recommend, 36.8% (n
= 21/57) reported strictly following the guideline indications
and 8.8% (n = 5/58) performed fewer MRIs than recommended
(Table 5). These liberal or restrictive personal practice patterns
could not systematically be explained by continent, specialty,
pavyer, institution type or MR examination numbers in logistic
models.

Personal Judgement: A majority (84.2%, n = 96/114) believed
preoperative MRI provided patient benefit, with none believing
it caused harm. This belief was positively correlated with the
perception of positive guideline support for the practice (p<0.05)
(Table 6). This divergence between widespread perception of
guideline endorsement in daily practice and restrained guideline
content (Table 1) was a key finding.

Associationswith perceived positiveguidelinesrecommendations:
Centers in countries where guideline endorsement was
perceived for preoperative EBC MRI demonstrated shorter MRI
turnaround times compared to those without such (p<0.02).
This association between perceived guideline endorsement and

Table 4. Perceived national guideline recommendations for preoperative breast MRI

Do national guidelines recommend preoperative breast MRI for early breast Japan Europe Total cohort*
cancer? (n = 46) (n = 60) (n=114)
Yes 36 (78.3%) 18 (30.0%) 57 (50.0%)
No 10 21.7%) 42 (70.0%) 57 (50.0%)

*Note: Total cohort represents all respondents; MRI: Magnetic resonance imaging

on preoperative breast MRI for EBC

Table 5. Strict adherence, liberal or restrictive application of national guidelines in a subgroup perceiving positive guidelines

Compared to indications of national guidelines, how restrictive or liberal do you Japan Europe Subgroup*
request preoperative breast MRI? (Filter: positive national guidelines recommendation) | (n = 36) (n=18) (n=57)
Strictly following the guidelines 15 (41.7%) 5 (27.8%) 21 (36.8%)
Performing more MRIs than recommended 18 (50.0%) 11(61.1%) 30 (52.6%)
Performing fewer MRIs than recommended 3(8.3%) 2 (11.1%) 5 (8.8%)

No answer 0 (0.0%) 0 (0.0%) 1(1.8%)

Early breast cancer

*Note: Subgroup represents respondents (n = 57) from countries with positive guidelines that makes 50% of total cohort (n = 114). MRI: Magnetic resonance imaging; EBC:

Table 6. Subjective perceived patient benefit of preoperative MRl among all respondents

According to your subjective opinion, is the patient benefit by preoperative MRI the | Japan Europe Total cohort*
same, better than or worse than without preoperative MRI? (n = 46) (n = 60) (n=114)
Better 43 (93.5%) 48 (80.0%) 96 (84.2%)
Same 3 (6.5%) 10 (16.7%) 15 (13.2%)
Worse 0 (0.0%) 0 (0.0%) 0 (0.0%)

No answer 0 (0.0%) 2 (3.3%) 3 (2.6%)

*Note: Total cohort represents all respondents. MRI: Magnetic resonance imaging
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reporting efficiency does not imply causality because structural
or resource-related factors may also contribute.

Availability of Preoperative Staging Tools

The availability of staging tools is detailed in Table 7. Overall,
ultrasound (97.4%, n = 111/114) and mammography (93.9%,
n = 107/114) were nearly universally available. Digital breast
tomosynthesis (DBT) was less often available (58.8%, n = 67/114)
and contrast-enhanced mammography (CEM) was even less often
available (21.9%, 25/114). Among the Japanese respondents,
more than half reported availability of dedicated breast CT
(54.3%, n = 25/46) compared to the whole collective (26.3%, n =
30/114), while CEM was not used for preoperative staging at all
in Japan. For the small subgroup of 25 (21.9% of all respondents)
CEM users in Europe, USA and Latin America, preoperative MRI
was judged to be more beneficial than CEM by 56% (n = 14/25),
equal to CEM in 32% (n = 8/25) and worse in 12% (n = 3/25).

Discussion and Conclusion

Preoperative breast MRI consistently detects additional cancers
that remain occult on mammography and ultrasound. Whether
these additional findings translate into improved clinical
outcomes in EBC had been a matter of debate until 2024. In
that year, the largest metaanalyses available to date reported
improved recurrence-free and overall survival associated with
the use of preoperative MRI (1, 12, 13). Our SIS global survey
was performed in 2024 and reveals both striking variation and
notable consensus. The most prominentfinding was the profound
interdisciplinary and intercontinental disparity in guideline
perception and practice: 50% of respondents reported that
guidelines in their region positively recommended preoperative
MRI in EBC. At the same time, more than four fifths (84.2%,
96/114) of all respondents expressed belief in a patient benefit,
a sentiment transcending geography and specialty. Clinical
decisions appear to be driven not only by the reported survey
indications and the traditional guideline interpretation, but also
by local culture and resources, health system organization, and

deeply held personal conviction that often diverge in our survey
respondents from the guidelines recommendations, which were
out of date after the publication of the 2024 meta-analysis (13).

The Evidence-Guideline-Practice Gap: The observed global
heterogeneity underscores a fundamental disconnect between
guideline recommendations and clinical practice. Most
international guidelines advise against routine preoperative
MRI, citing historical concerns about increased mastectomy
rates and the absence of level-1 evidence for a survival benefit if
they do not respect newest evidence (13). The American Society
of Breast Surgeons (ASBrS) Choosing Wisely® Campaign is the
most explicit, stating: “Don’t routinely order breast MRI in new
breast cancer patients” (14). In contrast, responses from Japan
suggest a different picture. A majority (78.3%, 36/46) of Japanese
respondents reported that national guidelines recommend
preoperative breast MRI in EBC, compared with 30% (18/60)
of European and 50% (2/4) of US. respondents. What do the
Japanese guidelines actually say? The 2013 Japanese Breast
Cancer Society guidelines do not advocate routine use of MRI
and do not mention EBC at all but recommend (Grade B) MRI
for three scenarios: to determine diagnosis and treatment
policies for intra-breast lesions, to diagnose the extent of breast
cancer and to detect multifocal breast cancer undetectable by
mammography and ultrasound (15). The Japanese breast cancer
society clinical practice guidelines for breast cancer screeningand
diagnosis, 2022 edition, adds: “For MRI-detected lesions that are
suspected to be malignant on preoperative contrast-enhanced
breast MRI, histological examination should be performed if
there is an impact on the surgical procedure”. The rationale has
been outlined; the decision on the surgical approach should
not be based on preoperative MRI findings alone (16). This
recommendation to perform additional biopsy prior to surgery
is shared by all current guidelines. Today, in Japan, treatment
policiesforT1stage cancersinclude radiofrequencyablation (RFA).
MRI is required not only to select and monitor patients for RFA
versus breast-conserving therapy (BCT), but also as a prerequisite
for reimbursement under public health insurance (17).

Table 7. Frequency of imaging tools for preoperative staging among all respondents

Absolute numbers and percentual frequency (total

Modality cohort n = 114)*
Ultrasound 111/114 (97.4%)
Mammography 107/114 (93.9%)

Digital breast tomosynthesis (DBT)

67/114 (58.8%)

Dedicated breast CT

30/114 (26.3%

Contrast enhanced mammography (CEM)

Positron emission tomography (PET)

)
25/114 (21.9%)
18/114 (15.8%)

Single photon emission computed tomography (SPECT)

5/114 (4.4%)

*Note: Total cohort represents all respondents. CT: Computed tomography
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This is the reason for widespread acceptance of MRI in EBC in
Japan. This national context likely explains the sharp contrast
in acceptance of T1 stage as an indication for preoperative MRI,
observed in 76% (35/46) of Japanese respondents compared with
only 13% (8/60) of Europeans.

The 2026 published German S3-Guidelines emphasize the
better recurrence-free and overall survival after preoperative
MRI according to the latest meta-analysis (13) and justify the
routine use of MRI, or alternatively CEM in all patients with
newly diagnosed, locally limited breast cancer in the setting of
dense beasts or difficult assessment with mammography and
ultrasound (18).

Reported clinical practice across continents exceeds the authors’
expectations. Clinical adoption of preoperative MRI in EBC
appears more liberal than guideline recommendations, as
reflected in our survey for Japan 50% (18/36), Europe 61.1%
(11/18), and reported real-world rates in the literature of 60%
preoperative breast MRI of EBCin USA for women under 65 years
of age (2-4).

The Drivers for Use of Preoperative MRI beyond Guideline
Recommendations: Firstly, although our survey answers do not
provide a clear explanation for the overuse of preoperative MRI
compared to guideline intentions, it is reasonable to assume
that general resources, financial aspects and rapid access to MRI
may encourage the willingness to perform a preoperative MRI
examination.

Secondly, the evidence base continues to evolve and is open
to interpretation. While early trials raised concerns, recent
meta-analyses by Eisen et al. (13) indicate that preoperative
MRI significantly reduces re-operation rates (odd ratio = 0.73),
re-excisions (odd ratio = 0.63), and increases recurrence-free
survival (hazard ratio = 0.77) and overall survival (hazard ratio
= 0.89). The benefit in preventing re-excisions may outweigh
the initial increase in mastectomy rates, particularly in invasive
lobular carcinoma and non-calcified DCIS (13, 19-21). Moreover,
improved detection of synchronous contralateral breast
cancers has been associated with a reduction in metachronous
contralateral disease (hazard ratio = 0.71) (13).

Thirdly, this nuanced benefit where the outcome metric has
shifted from survival to surgical precision and patient burden
resonatesstronglywith clinicians, asreflected inthe 84.2%(96/114)
belief in patient benefit reported in our survey. Historically,
pioneers of BCT achieved survival outcomes equivalent to
mastectomy through wider excisions and radiotherapy, relying
solely on mammography for breast staging (22). Contemporary
surgical paradigms, however, favor smaller excisions to optimize
cosmesis and multimodal preoperative breast staging. In this
context, MRI is increasingly perceived as a modern tool to offset

reduced surgical margins, enabling “first-pass” clear margins in
an era of precision surgery. Combined with advances in systemic
therapy that improve overall survival, this reframes the value of
MRI not as a determinant of survival, but as a tool of enhancing
surgical quality and reducing patient burden, a rationale not
fully captured by traditional evidence hierarchies (12, 13).

Fourthly, emerging data on molecular subtypes further
complicate a one-size-fits-all guideline approach. For example,
MRI has been shown to reduce mastectomy rates in HER2-positive
disease (21). Respondent comments and recent publications
emphasize that the indication for preoperative MRI in hormone-
negative HER2+ and triple-negative cancers is driven more
by planned neoadjuvant systemic therapy than by biological
aggressivity alone (23-25). Both subtypes are prone to multiple
occult ipsilateral invasive lesions, higher local recurrence rates
and nearly all patients with HER2+ or triple-negative disease,
as well as those with invasive lobular carcinoma, are potential
guideline candidates to undergo preoperative breast MRI in
U.S. centers. Currently the Alliance A11104/ACRIN 6694 phase IlI
trial is examining the hypothesis that preoperative breast MRI
improves staging and selection of stage | and Il patients with ER/
PR- negative tumors for BCT, thus lowering rates of local regional
recurrence (26).

The Drivers of Decision-Making: Survey Indications and “Fast
Thinking”: Our data show that the decision for preoperative
breast MRI in EBC varies by the traditional patient and tumor
characteristics, but now also depends on medical specialty,
subjective beliefs and local infrastructure. The strong contrast
between Japan (predominantly surgeon respondents) and
Europe (predominantly radiologist respondents) suggests the
perceived value of MRI is viewed through different professional
lenses. The reliance on risk factors such as previous history
of breast cancer, despite their limited evidence base for
preoperative planning, illustrates the influence of intuitive “fast
thinking” in clinical decision-making. Nobel laureate Kahneman
(27) examined this “fast thinking mode” in economic contexts
and demonstrated that it is prone to several systematic biases,
including optimism bias and a tendency to overestimate
benefits while underestimating costs. Breast MRI remains the
most sensitive modality for detecting breast cancer in high-risk
women and as supplemental screening in those with extremely
dense breasts (28-30). Given this sensitivity, it is understandable
that breast surgeons may favor MRI in a proven cancer; to
determine tumor size, identify additional foci in either breast,
and assess potential extension to the chest wall or lymph nodes.
In the absence of precise risk stratification for preclinical and
clinical scenarios, surgeons and radiologists seem to intuitively
prioritize the anticipated individual benefit for the patient
over restrictive guideline recommendations. Practical factors
further reinforce this decision pattern, including rapid access to
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breast MRI, reimbursement policies, and the ease of achieving
interdisciplinary consensus for performing preoperative MRI
(30). We hypothesize that intuitive reasoning and contextual
facilitators shape practice beyond the boundaries of still valid
guidelines that are not adapted to the latest evidence.

The Continent-Specific Context: The underlying geographic
differences are shaped by the distinct ways in which guidelines
are interpreted, contextualized, and implemented across
continents (31).

Japan represents a model where perceived guideline support,
favorable reimbursement, rapid MRI access, and a strong
belief in technological advancement converge. The frequent
application of preoperative MRl may explain the moderate use
of DBT (26.1%, 12/46) and absence of CEM in our survey.

Europe embodies a more restrictive approach, more closely
aligned with the intention of the guidelines, likely influenced by
cost-control and a higher reliance on radiologists as gatekeepers.
Overall availability of ultrasound (100%, 60/60) and high
dissemination of DBT (80%, 48/60) and to a lesser degree CEM
(31.7%, 39/60) substituting breast MRI may explain this pattern.
In Europe, a milestone survey conducted by the European Society
of Breast Imaging on the use of clinical breast MRI has reported
a restrictive approach of north European countries as far back
as 2016 (32). In Southern European countries, preoperative
breast MRl was more frequently performed in all breast cancer
patients rather than being limited to those with invasive lobular
carcinoma (32.1% versus 6% in northern Europe) (32). A similar
pattern has been observed for patients with DCIS, where 50.9%
of respondents in southern Europe reported routinely using
preoperative MRI, compared with 22.2% in northern European
countries (32).

United States: Although our U.S. survey data remain limited,
the reported studies provide a coherent picture. In the United
States, preoperative breast MRl continues to be used at
comparatively high rates in EBC, despite divergent professional
recommendations (2-4). The ACR quite generously supports
preoperative MRI for evaluating disease extent, characterizing
additional ipsilateral and contralateral lesions including DCISand
invasive lobular carcinoma and assessing chestwall involvement
or response to neoadjuvant therapy (33). In contrast, surgical
guidelines from the ASBrS strictly has argued against any routine
use of preoperative MRI dating back to 2018 (14). Today MRI
is most frequently requested for women with dense breasts in
Australia (34). To the best of our knowledge, none of the major
U.S. studies or registries (SEER, NCDB, Medicare datasets) report
a national percentage of preoperative MRI use stratified by
breast density. In the U.S., however, levels of public and provider
awareness is high regarding the masking effect of dense breast
tissue and its associated increased cancer risk. This awareness
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has been actively shaped by scientific societies, advocacy
groups, and dedicated educational platforms, exemplified by
DenseBreastInfo.org, which disseminate information on breast
density, supplemental screening, and statelevel legislation (35).
The recent Food and Drug Administration National Dense Breast
Reporting requirement, mandating that all mammography
facilities inform patients whether their breast tissue is “dense” or
“notdense” and include an official density assessment in clinician
reports, has further institutionalized this awareness (36). The
authors hypothesize that these expectations on supplemental
imaging in women with dense breasts may extend beyond
screening and influence decisionmaking in the preoperative
setting, contributing to higher preoperative MRI use in the
United States compared with other countries. Realworld surveys
suggest that feeforservice reimbursement structures, defensive
medical practices, and a strong emphasis on individualized
surgical planning further contribute to this persistent utilization
pattern (2-4).

Guidelines themselves are complex instruments balancing
evidence, harm, benefit, and socio-economic factors aiming
to provide support for physicians and patients to utilize shared
decision making (31, 33). When evidence for a clear survival
benefit is weak, as is the case with preoperative MRI before
the time of the 2024 survey, recommendations naturally lean
towards case-by-case discussion. This inherent ambiguity creates
space for “instinctive judgement”, as described above (27). A
clinician’s perspective can shift the historic calculus from “no
survival benefit” (arguing against MRI) to “prevents reoperations
and optimizes cosmesis” (arguing for MRI), especially for subtypes
like invasive lobular carcinoma or in patients planned for
neoadjuvant therapy. This survey confirms that in practice, the
indications often extend beyond the core scenarios incorporating
best subjective intentions (assumed patient benefit), risk factors
such as dense breasts, planned neoadjuvant therapy and a
desire for comprehensive pre-surgical mapping.

Implications for Future Guidelines and Research

Scientifically, such ambiguity can be resolved and nuanced by
subgroup analysis with reference to metanalysis or new trial
data, such as the current phase Il Alliance A011104/ACRIN
6694 study, which to date does not suggest an oncologic benefit
from routine preoperative MRI in early-stage hormone-negative
cancers, i.e. HER2+ and triple negative disease (13, 26). This
is not surprising in the era of powerful radiation oncology
and improving adjuvant/neoadjuvant therapy, both of which
can eliminate residual malignant lesions in patients without
preoperative MRI. Future trials need to focus on stage-specific
surgical endpoints as re-resection and conversion from breast-
conservative surgery to mastectomy, and whether deescalation
of surgical therapy will progress further with improvement in
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systemic therapy. The Breast Imaging Reporting and Data System
(BI-RADS) 2025 manual represents a major step forward to obtain
up-scaled real-world data (37). By recommending audits of
breast MRI examinations after cancer diagnosis (BI-RADS MR 6),
it provides a unified framework to define and validate expected
performance parameters of preoperative MRI (38). Those data
are needed for more nuanced, international guidelines that
explicitly address stage dependent specific clinical scenarios
(e.g., molecular subtypes) for oncoplastic planning. The final
goal will be harmonizing preoperative imaging guidelines with
preexisting treatment guidelines, updated evidence on survival
benefit for early and advanced breast cancer within an integrated
holistic concept (39-41).

Study Limitations

This study has several limitations. All data are self-reported,
and the survey format primarily captures “fast-thinking” clinical
judgments. As the term EBC was not explicitly defined in the
questionnaire, respondents may have interpreted it differently.
A standard definition of EBC shared by most guidelines refers
to invasive breast cancer confined to the breast and/or axillary
lymph nodes without distant metastases (stage | to IlIA). However,
some experts favor broader or narrower borders divergent to the
mainstream and include DCIS (stage 0) or operable stage IIIB or
restrict EBC to nodenegative or small T1 or T2 tumors. These
divergent definitions complicate international comparisons and
may influence how clinicians interpret survey questions related
to EBC.

Although international, the sample size is too small to be
representative for most countries, and a selection bias toward
clinicians using breast MRI in certified centers is likely. A
substantial proportion of respondents came from Japan and
Europe. This uneven geographic distribution limits the global
generalizability of the results, particularly for less developed
regions. Imbalances in respondent specialties between Japan and
Europe, together with low participation from other continents,
may further skew the findings. All statistical analyses assess
associations only; they do not establish causation. For example,
a positive perception of guidelines may correlate with faster
reporting, but structural factors such as resources, workflow,
or infrastructure could equally account for this difference.
Another limitation is that, unlike therapy guidelines with
stage- or subtype-specific recommendations, most preoperative
breast MRI guidelines remain broad and do not differentiate
between early and advanced disease. Our survey did not
attempt to define a universal standard for what constitutes
the presence or absence of preoperative MRI guidance in EBC,
acknowledging differing interpretive traditions. A more holistic
reading, common in some Asian contexts, may treat broad
recommendations as implicitly inclusive of early-stage disease,

whereas a more selective, scenario-driven interpretation, typical
of Western scientific traditions, may conclude that no explicit
recommendation exists. This distinction aligns with established
findings in cultural psychology, which demonstrate that East
Asian cognition tends to be more holistic and context-oriented,
whereas Western cognition is typically more analytic and
object-focused (42).

In conclusion, this SIS survey maps the current global practices
and demonstrates that the use of preoperative breast MRI is
shaped more by geography, different cultural approaches and
resources, and clinical interpretation of evolving evidence
than by strict adherence to the current guidelines. Overall,
84.2% of all respondents believed preoperative MRI provided a
patient benefit, with none believing it caused harm. The most
frequent overall indications were invasive lobular carcinoma
(93.0%, 106/114), mammographic/sonographic suspicion of
multifocality/multicentricity (84.2%, 96/114), and planned
neoadjuvant therapy (78.1%, 89/114), and in Japan, assessing the
extent of DCIS (97.8%, 45/46). Among respondents who reported
using positive guidelines, 52.6% (30/57) performed more MRI
examinations than the guidelines advised. Key influencing factors
included specialty reimbursement, and rapid access to MRI.
These findings highlight the need for standardized guidelines
including the newest evidence and further research to clarify
the role of MRI in the modern multidisciplinary management
of EBC. Functional and abbreviated MR specifications and CEM
should be integrated in future international guidelines updates
(42, 43).
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ABSTRACT

Objective: Central breast tumors requiring excision of the nipple-areola complex present a reconstructive challenge in breast-conserving
surgery. Volume-displacement oncoplastic techniques, including the Grisotti flap and reduction-based Wise-pattern reconstruction, allow
breast preservation while maintaining oncological safety. This study compares the short-term oncological and aesthetic outcomes of these two
techniques.

Materials and Methods: A randomized controlled trial was conducted, enrolling 40 patients with centrally located breast cancer who underwent
breast-conserving surgery between March 2023 and November 2024. Patients were randomized to reconstruction using either the Grisotti
technique (n = 20) or the Wise-pattern technique (n = 20). The primary outcome was surgical margin status. Secondary outcomes included
postoperative complications and aesthetic satisfaction. The mean follow-up duration was 6.9 months.

Results: Mean tumor size was 3.2£1.5 cm in the Grisotti group and 2.6£0.8 cm in the Wise-pattern group (p = 0.327). The mean tumor-to-
nipple-areola complex distance was 2.17+1.01 cm in the Grisotti group and 2.90+1.04 cm in the Wise-pattern group (p = 0.428). Negative
surgical margins were achieved in 90% and 100% of cases, respectively (p = 0.487), with re-excision required in two Grisotti cases. Postoperative
complications did not differ significantly between groups; seroma was the most frequent complication (25% vs. 20%, p = 1.0). Patient satisfaction
was rated as good or excellent in 85% of Grisotti cases and 90% of Wise-pattern cases (p = 0.549). Mean surgeon satisfaction scores were
7.5521.39 and 8.10£0.72, respectively (p = 0.128). No cases of flap necrosis were observed.

Conclusion: Both the Grisotti and Wise-pattern techniques demonstrated comparable short-term oncological safety and satisfactory aesthetic
outcomes in breast-conserving surgery for central breast tumors. Differences in patient and surgeon satisfaction did not reach statistical
significance. The Grisotti technique is most suitable for patients with small-to-moderate breast volumes and mild-to-moderate ptosis, while the
Wise-pattern technique offers advantages in macromastia, significant ptosis, or when contralateral symmetrisation is planned. These findings
support individualized technique selection based on breast volume and anatomical considerations, while highlighting the need for larger
studies with longer follow-up to assess long-term oncological and aesthetic outcomes, and prospective use of validated aesthetic outcome
instruments.
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KEY POINTS

» This randomized study compares the Grisotti flap and Wise-pattern therapeutic mammoplasty for centrally located breast cancer.

* Both techniques demonstrated comparable short-term oncologic safety and acceptable aesthetic outcomes.

* Margin status, complication rates, and patient satisfaction did not differ significantly between groups.

» Technique selection may be guided by anatomical considerations and surgeon expertise.

Introduction

Breast-conserving surgery (BCS) is a cornerstone of
contemporary breast cancer management, offering oncological
outcomes equivalent to those of mastectomy while preserving
breast form and patients’ quality of life. Landmark randomised
trials have established that BCS with radiotherapy achieves
long-term survival and local control equivalent to mastectomy
in eligible patients (1, 2). Over the past two decades, the
integration of reconstructive techniques into breast-conserving
procedures has led to the development of oncoplastic BCS
(OPBCS), which combines oncologic resection with volume
displacement or volume replacement techniques to optimize
aesthetic outcomes without compromising oncological safety
(3). International consensus statements and practice guidelines
now recognize OPBCS as a standard component of breast
cancer surgery when performed in accordance with established
oncologic principles (4-6).

Multiple observational studies and pooled analyses have
demonstrated that OPBCS achieves rates of negative margins,
local recurrence, and survival comparable to conventional BCS,
despite being applied to patients with larger tumors or less
favorable tumor-to-breast ratios (5-7). Importantly, available
evidence suggests that OPBCS does not increase the risk of
postoperative complications or delay adjuvant therapy when
appropriately planned and executed, supporting its oncological
safety in routine clinical practice (5-7).

Centrally located breast cancers, particularly those requiring
excision of the nipple-areola complex (NAC), represent a distinct
reconstructive challenge in BCS. Although tumor location alone is
no longer considered a contraindication to breast conservation,
resection of the NAC can result in significant central breast
deformity if reconstruction is inadequate. Contemporary
oncoplastic approaches have therefore focused on restoring
breast shape and symmetry following central excision, allowing
breast conservation in selected patients who might otherwise
undergo mastectomy (8, 9).

Among the volume-displacement techniques described for
centrally located tumors, the Grisotti flap is a well-established
approach that enables immediate reconstruction of the central
defect using local glandular tissue. Favorable oncological and

aesthetic outcomes have been reported with this technique,
particularly in patients with small-to-moderate breast volumes
and mild to moderate ptosis (8-10). However, several studies
have highlighted limitations of the classical Grisotti technique
in patients with large or markedly ptotic breasts, short nipple—
inframammary fold distances, or unfavorable breast morphology,
prompting the development of technical modifications and
alternative oncoplastic strategies (8, 11).

Therapeutic reduction mammoplasty and mastopexy-based
techniques, commonly employing a Wise-pattern skin incision,
represent established level Il volume-displacement oncoplastic
procedures. These techniques allow wider resections, improved
reshaping of the breast mound, and contralateral symmetrization
in appropriately selected patients, particularly those with larger
breast volumes or significant ptosis (5, 6, 8). Current guidelines
emphasize that selection of oncoplastic technique should be
individualized, taking into account breast size, degree of ptosis,
tumor characteristics, and patient preferences, rather than
adhering to a single reconstructive approach (4-6).

Despite the widespread adoption of both the Grisotti technique
and reduction-based oncoplastic approaches, existing
evidence directly comparing specific oncoplastic techniques
remains limited. Most available comparative studies remain
retrospective or descriptive in nature, and comparative data are
often confounded by heterogeneity in patient selection, tumor
characteristics, and outcome assessment (4, 7, 12). In addition,
while patient-reported outcomes and aesthetic satisfaction are
increasingly recognized as essential endpoints in oncoplastic
surgery, few studies have incorporated both surgeon-reported
and patient-reported assessments within a comparative
framework (6, 12).

This randomized controlled trial was designed to compare the
short-term oncological and aesthetic outcomes of the Grisotti
technique and Wise-pattern oncoplastic reconstruction in
patients undergoing BCS for centrally located breast cancer. By
directly comparing two commonly used volume-displacement
techniques within a randomized design, this study aims to
contribute higher-level evidence to inform technique selection
and to optimize individualized surgical planning for this
challenging patient population.
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Materials and Methods
Study Design

This prospective randomized controlled trial was conducted
at Kasr Al-Ainy Teaching Hospitals, Faculty of Medicine, Cairo
University between March 2023 and November 2024. The study
included 40 patients diagnosed with centrally located breast
cancer who underwent BCS. Patients were randomized into two
equal groups: Group A (Grisotti technique, n = 20) and Group B
(Wise-pattern technique, n = 20).

Ethics Approval and Trial Registration

The study protocol was approved by the Research Ethics
Committee of the Faculty of Medicine, Cairo University (approval
code: MD-266-2023, approved on 10 September 2023), prior
to patient enrollment. The study design, eligibility criteria,
and primary and secondary outcomes were prospectively
defined before recruitment commenced in March 2023. The
trial was retrospectively registered with the ISRCTN registry
(ISRCTN16836500) on 20 May 2025; prospective registration
was not mandated by the institutional ethics committee at
the time of study initiation. All procedures were conducted
in accordance with the Declaration of Helsinki and relevant
national regulations. Written informed consent was obtained
from all participants prior to enroliment.

The study was conducted in accordance with the pre-approved
protocol throughout; no amendments to the study design,
eligibility criteria, or outcome definitions were made after
patient enrollment commenced.

Inclusion and Exclusion Criteria
Inclusion Criteria

* Patients with early-stage, centrally located breast cancer (cT1—
2) suitable for BCS.

* Centrally located breast cancer cases downgraded to cT1-2
following neoadjuvant therapy.

Exclusion Criteria

* Breast cancer not centrally located.

* Inflammatory breast cancer (cT4d).

* Metastatic or multicentric breast cancer.

* Patients with small breast size (cup size C or smaller).

Preoperative Assessment

All patients underwent comprehensive preoperative evaluation,
including:
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* Detailed medical history, including family history, prior breast
irradiation, and symptoms suggestive of metastatic disease.

» Complete clinical examination of the breasts and axillae.
* Bilateral sonomammography.

* Histopathological confirmation via ultrasound-guided core
needle biopsy.

* Breast magnetic resonance imaging (MRI) to evaluate NAC
involvement.

* Routine laboratory investigations and metastatic workup.

All cases were discussed in a multidisciplinary setting prior to
surgical intervention.

The decision to excise the NAC was based on a multidisciplinary
assessment and was not determined by tumor-to-NAC distance
alone. Indications included clinical nipple involvement
(retraction or ulceration), MRI-documented subareolar extension,
and pathological subtypes associated with increased risk of NAC
involvement, such as Paget disease and centrally located invasive
carcinoma with subareolar ductal spread.

Molecular Classification and Receptor Status

All tumors were analyzed for hormone receptor and HER2
status via immunohistochemistry. Estrogen receptor (ER) and
progesterone receptor (PR) positivity were defined as >1%
of tumor cell nuclei with nuclear staining. HER2 status was
determined by immunohistochemistry (0, 1+, 2+, 3+) and
confirmed by fluorescence in situ hybridization (FISH) when IHC
was 2+. Tumors were classified into five molecular subtypes
based on receptor status and Ki-67 proliferation index: Luminal
A (ER+ and/or PR+, HER2-, Ki-67 <14%), Luminal B1 (ER+ and/or
PR+, HER2-, Ki-67 >14%), Luminal B2 (ER+ and/or PR+, HER2+,
any Ki-67), HER2-enriched (ER-, PR-, HER2+), and triple-negative
breast cancer (ER-, PR-, HER2-). Classification was performed
according to American Society of Clinical Oncology and College
of American Pathologists guidelines (13).

Randomization

Eligible patients were randomized 1:1 to the Grisotti technique
group or the Wise-pattern technique group. Randomization
was performed using a computer-generated randomization
sequence. Due to the nature of the surgical interventions,
blinding of the operating surgeons was not feasible.

Surgical Techniques
Grisotti Technique

Preoperatively, the NAC was marked for circular excision.
Following central lumpectomy with removal of the NAC,
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Figure 1. Circular excision of the nipple-areola complex is
outlined, with inferiorly based dermoglandular flap design
and planned skin island for neo-areola reconstruction

Figure 2. Postoperative appearance demonstrating
central defect reconstruction with advancement of the
dermoglandular flap and formation of the neo-areola

Figure 3. Standard Wise-pattern skin markings outlining
central excision and planned reduction-based parenchymal
reshaping

reconstruction was performed using a dermoglandular flap
incorporating a skin island to recreate the neo-NAC. The flap was
mobilized and advanced into the central defect, and glandular
reshaping was performed to restore breast contour (Figures 1
and 2).

Wise-Pattern Technique

In the Wise-pattern group, reconstruction was performed using
a therapeutic mammoplasty approach. After central tumor
excision with NAC removal, a Wise-pattern incision was used to
permit adequate tumor resection and parenchymal reshaping.
Glandular redistribution was performed to restore breast contour
and symmetry. Contralateral symmetrization was performed
when indicated (Figures 3 and 4).

All procedures adhered to oncological principles with the goal of
achieving clear surgical margins.

Outcome Measures

Primary outcomes included:

* Surgical margin status.

* Postoperative complications.
* Aesthetic satisfaction.

Margin status was determined from the final histopathological
examination. Postoperative complications included seroma
formation and wound infection.

Aesthetic outcomes were assessed using both patient-reported
satisfaction (categorized as excellent/good versus fair/poor)
and surgeon-reported visual analog scale (VAS) scoring. A
surgeon-reported VAS (0-10) was selected as a complementary
continuous measure of overall aesthetic outcome alongside
the categorical patient satisfaction scale. We acknowledge that
validated instruments, such as the Harvard Breast Cosmesis Scale
and the BREAST-Q, would have provided a more standardised
assessment; their absence is recognised as a limitation of the
current study. VAS was selected for its simplicity and feasibility in
routine clinical practice.

Follow-up

Patients were followed postoperatively according to institutional
protocols. The mean follow-up duration was 6.9 months. Follow-
up duration was reported as the mean because individual
patient-level data required to calculate the median and range
were unavailable. Clinical assessment included evaluation
of wound healing, postoperative complications, and early
oncological outcomes. No patients were lost to follow-up.
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Figure 4. Intraoperative view demonstrating parenchymal redistribution and closure using the Wise-pattern technique after

nipple-areola complex excision

Statistical Analysis

Statistical analysis was performed using SPSS version 28 (IBM
Corp., Armonk, NY, USA). Continuous variables were expressed
as mean * standard deviation. Normality of data distribution
was assessed using the Shapiro-Wilk test. Tumor diameter and
NAC distance were non-normally distributed and were therefore
analyzed using the Mann-Whitney U test; normally distributed
variables were compared using independent-samples t-tests.
Categorical variables were analyzed using chi-square or Fisher’s
exact tests where appropriate. A p-value <0.05 was considered
statistically significant.

Results
Patient Characteristics

Forty patients were randomized into two equal groups: the
Grisotti group (n = 20) and the Wise-pattern group (n = 20).

The mean age was 52.95%9.79 years in the Grisotti group and
54.90+6.50 years in the Wise-pattern group (p = 0.463) (Table
1). Marital status (p = 0.438), medical comorbidities (p = 0.739),
and family history (p = 0.661) were comparable between groups
(Table 2).

Tumor characteristics were similar between groups. The mean
largest tumor diameter was 3.21£1.48 cm in the Grisotti group
and 2.60£0.82 cm in the Wise-pattern group (p = 0.327, Mann-
Whitney U test). The mean distance from the NAC was 2.17+1.01
cm in the Grisotti group and 2.90+1.04 cm in the Wise-pattern

group (p = 0.428, Mann-Whitney U test) (Table 3). One patient
in the Grisotti group had an initial tumor diameter of 6.8 cm
(clinical T3); this patient received neoadjuvant chemotherapy,
resulting in downstaging to ypT2 prior to enrollment, consistent
with the study’s inclusion criteria.

The distribution of pathological types showed no significant
differences between groups (p = 0.220). Invasive ductal
carcinoma was the most common subtype in both groups (70% in
the Grisotti group vs. 80% in the Wise-pattern group). Hormonal
receptor subtypes were similarly distributed (p = 0.829) (Table
4). All randomized patients were included in the final analysis.

Treatment Characteristics

Neoadjuvant chemotherapy was administered more frequently
in the Wise-pattern group (70%) than in the Grisotti group (25%)
(p = 0.004). Regarding axillary management, sentinel lymph
node hiopsy was performed in 70% of Grisotti patients and 40%
of Wise-pattern patients, whereas axillary lymph node dissection
was required in 30% of Grisotti patients and 60% of Wise-pattern
patients (p = 0.057) (Table 5).

Among the 19 patients who received neoadjuvant chemotherapy
(5 in the Grisotti group, 14 in the Wise-pattern group), invasive
ductal carcinoma was the predominant histological subtype.
Pre-treatment tumor sizes in the Grisotti NCT subgroup ranged
from 1.9 to 6.8 cm, and molecular subtypes included Luminal B1,
Luminal A, HER2-enriched, and Luminal AB1. One patient in this
subgroup was downstaged from cT3 to ypT2 following treatment.

Table 1. Age distribution of participants

Grisotti Wise pattern
. . X X p-value
Mean SD (+) | Median Min. Max. Mean SD (+)  Median Min. Max.
Age 52.95 9.79 51.00 37.00 74.00 54.90 6.50 54.50 43.00 66.00 0.463

SD: Standard deviation; Min.: Minimum; Max: Maximum
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Table 2. Demographic data
Grisotti Wise pattern
Count p-value
% Count %

Married 16 80.0% 12 60.0%

Marital status Widow 3 15.0% 6 30.0% 0.438
Divorced 1 5.0% 2 10.0%
Cardiac 1 5.0% 2 10.0%
CKD 1 5.0% 0 0.0%

) N DM 2 10.0% 0 0.0%

Medical condition 0.739
HTN 3 15.0% 4 20.0%
HTN, DM 3 15.0% 2 10.0%
Free 10 50.0% 12 60.0%

o Positive 2 10.0% 4 20.0%

Family history - 0.661
Negative 18 90.0% 16 80.0%

CKD: Chronic kidney disease; DM: Diabetes mellitus; HTN: Hypertension

Table 3. Tumor characteristics: diameter and distance from nipple-areola complex (NAC)
Grisotti Wise pattern

p-value

Mean SD Median Min. Max. Mean SD Median Min. Max.

Largest diameter of

3.21 1.48 2.80 1.40 6.80* 2.60 0.82 2.75 1.50 4.00 0.327
the tumor

Distance from the
NAC (cm)

*: This value represents a patient who was initially clinical T3 and was downstaged to ypT2 following neoadjuvant chemotherapy prior to surgical enrollment, in accordance
with the study’s inclusion criteria. P-values: tumor diameter p = 0.327; NAC distance p = 0.428 (Mann-Whitney U test). SD: Standard deviation; Min.: Minimum; Max.:
Maximum

217 1.01 | 215 0.50 4.00 2.90 1.04 | 220 0.00 35 0.428

Table 4. Histopathological and immunohistochemical characteristics of tumor

Grisotti Wise pattern
Count p-value
% Count %
Paget 2 10.0% 4 20.0%
. ILC 3 15.0% 0 0.0%
Pathological type 0.220
IDC 14 70.0% 16 80.0%
DCIS 1 5.0% 0 0.0%
S Ulceration 2 10.0% 4 20.0%
Clinical involvement of o .01 7 35.0% 4 20.0% 0.458
the nipple
No clinical involvement " 55.0% 12 60.0%
HER2 enriched 2 10.0% 2 10.0%
Luminal A 9 45.0% 6 30.0%
Luminal B1 5 25.0% 8 40.0%
Hormonal status - 0.829
Luminal B2 1 5.0% 2 10.0%
Luminal AB1 1 5.0% 0 0.0%
Triple negative 2 10.0% 2 10.0%

Molecular subtypes were determined based on immunohistochemistry (IHC) for estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor

receptor 2 (HER2), and Ki-67 proliferation index, classified as follows: Luminal A (ER+ and/or PR+, HER2-, Ki-67 <14%), Luminal B1 (ER+ and/or PR+, HER2-, Ki-67 >14%),
Luminal B2 (ER+ and/or PR+, HER2+, any Ki-67), HER2-enriched (ER-, PR-, HER2+), and Triple-negative (ER-, PR-, HER2-) (13). ER status was considered positive if >1% of

tumor cell nuclei stained positive; PR and HER2 were scored according to American Society of Clinical Oncology/College of American Pathologists guidelines. ILC:

ILC: Invasive lobular carcinoma; IDC: Invasive ductal carcinoma; DCIS: Ductal carcinoma in situ
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In the Wise-pattern NCT subgroup, pre-treatment tumor sizes
ranged from 1.5 to 4.0 cm, with Luminal B1 being the most
frequent subtype, followed by triple-negative, HER2-enriched, and
Luminal B2. The higher proportion of NCT recipients and higher
rate of axillary lymph node dissection in the Wise-pattern group
suggest a greater initial tumor burden at presentation, which may
have influenced surgical planning and technique selection.

Surgical Outcomes

Negative margins were achieved in 90% of patients in the
Grisotti group and 100% in the Wise-pattern group (p = 0.487).
Two patients in the Grisotti group required re-excision because
of positive margins on initial surgery; clear margins were
subsequently obtained.

Postoperative Complications

Postoperative complications did not differ significantly between
groups. Seroma occurred in 25% of patients in the Grisotti group
and in 20% of patients in the Wise-pattern group (p = 1.0).
Wound infection was reported in 10% of Grisotti patients and in
none of the Wise-pattern patients (p = 0.487). Wound dehiscence
occurred in 5% of Grisotti patients and was not observed in the
Wise-pattern group (p = 1.0). No cases of flap necrosis were
observed in either group (Table 6).

Aesthetic Outcomes

Patient-reported satisfaction did not differ significantly between
groups (p = 0.549). In the Grisotti group, outcomes were rated

Table 5. Surgical approach and procedure details

Grisotti Wise pattern
Count p-value
% Count %
. Yes 5 25.0% 14 70.0%
Neoadjuvant therapy 0.004
No 15 75.0% 6 30.0%
. SLNB 14 70.0% 8 40.0%
Surgery to axilla 0.057
ALND 6 30.0% 12 60.0%
. Infiltrated 2 10.0% 0 0.0%
Margin status 0.487
Free 18 90.0% 20 100.0%
SLNB: Sentinel lymph node biopsy; ALND: Axillary lymph node dissection
Table 6. Postoperative complications and their incidence
Grisotti Wise pattern
Count p-value
% Count %
Yes 5 25.0% 4 20.0%
Seroma 1.000
No 15 75.0% 16 80.0%
o Yes 2 10.0% 0 0.0%
Wound infection 0.487
No 18 90.0% 20 100.0%
Flap necrosis No 20 100.0% 20 100.0% N/A
) Yes 1 5.0% 0 0.0%
Wound dehiscence 1.000
No 19 95.0% 20 100.0%
Table 7. Aesthetic outcomes according to surgical technique
Outcome Grisotti (n = 20) Wise pattern (n = 20) p-value
Surgeon satisfaction (mean * SD) 7.554+1.39 8.10+0.72 0.128
Patient satisfaction category, n (%) 0.549
Fair 3 (15%) 2 (10%)
Good 6 (30%) 10 (50%)
Excellent 11 (55%) 8 (40%)
SD: Standard deviation
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as excellent, good, and fair in 55%, 30%, and 15% of patients,
respectively. In the Wise-pattern group, 40% rated the outcomes
as excellent, 50% as good, and 10% as fair.

Surgeon satisfaction scores were 7.554+1.39 in the Grisotti group
and 8.10%0.72 in the Wise-pattern group (p = 0.128) (Table 7).

Follow-up

The mean follow-up duration was 6.9 months. No early local
recurrences were observed during the follow-up period.

Discussion and Conclusion

The present randomized study compared the Grisotti technique
and Wise-pattern therapeutic mammoplasty in patients
undergoing BCS for centrally located breast cancer. Both
techniques demonstrated acceptable short-term oncological
and aesthetic outcomes.

OPBCS has been widely adopted as a safe alternative to
conventional lumpectomy, integrating oncologic resection with
reconstructive principles to optimize cosmetic results without
compromising cancer control (4-6). Pooled analyses have
demonstrated comparable rates of margin negativity and local
recurrence between OPBCS and conventional BCS (7). Negative
margins were achieved in the majority of patients in both
groups, and no statistically significant difference was observed
between groups. Although two patients in the Grisotti group
required re-excision, clear margins were ultimately obtained in
all cases. No early local recurrences were detected during follow-
up; however, the limited duration of monitoring precludes
conclusions regarding long-term oncologic safety.

Centrally located breast cancers requiring excision of the NAC
represent a distinct reconstructive challenge. Several oncoplastic
techniques, including the Grisotti flap and reduction-
based approaches, have been described to facilitate breast
conservation in such cases (8, 9). Contemporary consensus
statements emphasize that technique selection should be
individualized based on breast size, degree of ptosis, tumor
characteristics, and surgeon expertise rather than adherence to
a single reconstructive strategy (4-6). In this context, the absence
of significant differences in margin status or complication rates
between the groups in our study suggests that both approaches
can be applied safely when patients are appropriately selected.

Based onourfindingsand current consensusguidelines, technique
selection should be tailored to the individual patient’s breast
morphology and tumor characteristics. The Grisotti technique
is most appropriate for patients with small-to-moderate breast
volumes and mild-to-moderate ptosis (Regnault grade I-II),
where the central defect can be reliably reconstructed by rotation
and advancement of an inferiorly based dermoglandular flap,

without requiring extensive parenchymal redistribution. It offers
a technically straightforward approach with limited scarring
and is particularly useful when the contralateral breast does
not require symmetrisation. Its principal limitations include
restricted applicability in cases of macromastia or significant
ptosis (grade 1l1), where flap reach and capacity for reshaping
may be insufficient to achieve satisfactory aesthetic outcomes,
and the potential for central breast flattening if parenchymal
volume is inadequate.

The Wise-pattern technique is best suited to patients with
larger breast volumes, significant ptosis, or those in whom
wide parenchymal redistribution is required to fill a larger
central defect. It simultaneously achieves breast reduction,
mastopexy, and oncological resection and is advantageous when
contralateral symmetrisation is planned. Its limitations include
a more complex inverted-T scar pattern, longer operative time,
and a theoretical risk of wound-healing complications at the
T-junction, although these complications were not observed
in our series. When breast morphology is intermediate,
patient preference, surgeon expertise, and the intended
adjuvant treatment plan should guide the final decision. Both
techniques should be performed within a multidisciplinary
oncoplastic framework with clear margin achievement as the
primary oncological endpoint (4-6). These findings reinforce the
importance of individualized oncoplastic planning rather than
technique standardization.

A significant imbalance in neoadjuvant chemotherapy
administration was observed between groups, with higher
rates in the Wise-pattern cohort. While tumor diameter and
biological subtype distribution were comparable at the time of
surgery, the higher pre-treatment tumor burden, as suggested
by the NCT distribution, may reflect selection bias toward the
Wise-pattern technique for patients with initially larger or more
advanced tumors requiring greater parenchymal reshaping. The
potential impact of neoadjuvant therapy on surgical complexity
and aesthetic outcomes should be considered when interpreting
results.

Postoperative complications were infrequent and comparable
between groups. Seroma formation was the most common
complication, while wound infection and dehiscence were
uncommon. No cases of flap necrosis occurred. Previous series
evaluating oncoplastic techniques have reported low rates of
major complications, with most events managed conservatively
and without delay to adjuvant therapy (5, 12). Our findings are
consistent with these reports and support the safety of both
reconstructive strategies in the early postoperative period.

Aesthetic outcomes were evaluated using both patient-reported
and surgeon-reported measures. Patient satisfaction did not
differ significantly between groups, and surgeon satisfaction
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scores were comparable. Increasing emphasis has been placed
on the importance of patient-reported outcomes in oncoplastic
breast surgery (6, 12). The comparable satisfaction rates observed
in this study align with prior literature suggesting that both local
flap and reduction-based techniques can achieve acceptable
cosmetic results when carefully planned (8, 10).

The Wise-pattern technique has been described as advantageous
in patients with larger or ptotic breasts due to broader
parenchymal reshaping and improved symmetry (5, 8).
Conversely, the Grisotti technique remains a valuable option in
selected cases with moderate breast volume and central defects
(8,9). The absence of statistically significant differences in short-
term outcomes within this randomized cohort suggests that both
techniques remain viable options for centrally located tumors
when applied to appropriately selected patients. Reduction-
based techniques employing Wise-pattern skin incisions have
also demonstrated reliable reconstructive outcomes in breast
surgery, supporting their versatility in managing complex breast
defects (14).

Study Limitations

Several limitations should be acknowledged. The sample
size was relatively small, limiting statistical power to detect
modest differences. The follow-up was too short to assess
long-term recurrence, radiation-related changes, or late
cosmetic outcomes. Individual patient follow-up data to
calculate the median and range were not available for this
report. Additionally, the imbalance in neoadjuvant therapy
distribution represents a potential confounding factor.
Aesthetic outcomes were assessed using a surgeon-reported
VAS and a categorical patient satisfaction scale rather than
validated instruments such as the Harvard Breast Cosmesis
Scale or BREAST-Q. This limits direct comparability with
published literature and reduces the robustness of conclusions
regarding aesthetic outcomes. The absence of a validated
patient-reported outcome measure such as the BREAST-Q—
which encompasses multiple domains including satisfaction
with breasts, psychosocial well-being, and physical well-
being—represents a further limitation, and future studies
should incorporate such instruments prospectively. The
retrospective registration of the trial was acknowledged as
a further limitation; however, the study design, eligibility
criteria, and outcomes were defined prior to enrollment, and
ethical approval was obtained before the first patient was
recruited. Larger, multicenter studies with extended follow-
up and prospective use of validated outcome measures are
warranted to further evaluate comparative effectiveness.

In this randomized cohort of patients undergoing BCS for
centrally located breast cancer, both the Grisotti and Wise-
pattern techniques demonstrated comparable short-term
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oncological safety and acceptable aesthetic outcomes. Margin
status, complication rates, and patient- and surgeon-reported
satisfaction did not differ significantly between groups.
Within the limitations of sample size and follow-up duration,
both approaches appear to be viable reconstructive options
when selected according to patient anatomy and tumor
characteristics with the Grisotti technique preferred in small-
to-moderate-volume breasts with mild-to-moderate ptosis and
the Wise-pattern technique offering advantages in macromastia,
significant ptosis, or when contralateral symmetrisation is
required. Further studies with larger populations and longer
follow-up are warranted to confirm long-term oncologic and
cosmetic outcomes.
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ABSTRACT

Objective: Accurate prediction of pathological complete response (pCR) to neoadjuvant chemotherapy (NAC) is essential for treatment decision-
making in breast cancer. The value of integrated prediction models combining interim magnetic resonance imaging (MRI) findings with
clinicopathological factors remains uncertain. This study aimed to compare interim and post-NAC MRI in predicting pCR and to assess the
performance of prediction models integrating MRI and clinicopathological variables.

Materials and Methods: We retrospectively analyzed 249 patients with early-stage breast cancer who underwent MRI before, during (interim),
and after NAC. Clinicopathological variables were selected via stepwise regression based on the minimum Akaike information criterion. Four
predictive models were developed: Model A used clinicopathological variables alone; Model B added interim MRI; Model C added post-NAC
MRI; and Model D incorporated both interim and post-NAC MRI. Model performance was assessed using receiver operating characteristic curve
analysis, calibration plots, and decision curve analysis.

Results: Sixty-two (25%) patients achieved pCR. Independent predictors in Model A included hormone receptor status, human epidermal growth
factor receptor 2 status, and clinical tumor size. The areas under the curves were 0.721 (Model A), 0.819 (Model B), 0.847 (Model C), and 0.848
(Model D). Model B (interim MRI) demonstrated the highest sensitivity (0.99) and negative predictive value (0.97), enabling early identification
of pCR, while Models C and D showed only modest improvements. In decision curve analysis, calibration and clinical utility were superior in
models incorporating MRl compared with Model A.

Conclusion: Interim MRI demonstrated pCR-predictive performance comparable to that of post-NAC MRI, supporting its potential utility as a
clinically meaningful tool for early treatment decision-making. However, its relatively high false-positive rate suggests that caution is warranted
when applying it to guide surgical de-escalation.
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KEY POINTS

* Interim magnetic resonance imaging (MRI), performed during neoadjuvant chemotherapy (NAC) treatment, demonstrated significant predictive ability for post-

NAC pathological complete response (pCR) in patients with breast cancer.

» Combining interim MRI findings with clinicopathological factors improved predictive accuracy for pCR.

* Interim MRI may contribute to early identification of non-responders and support treatment decision-making.

* This study provides real-world evidence supporting the clinical utility of interim MRI in patients with breast cancer undergoing NAC.

Introduction

Although surgery-first has traditionally been the standard
approachinearly-stage breast cancer,neoadjuvant chemotherapy
(NAQ) is increasingly used and represents a standard treatment
option in selected subtypes, particularly human epidermal
growth factor receptor 2 (HER2)-positive and triple-negative
breast cancer, in the context of surgical de-escalation and
response-guided therapy (1). With advances in systemic therapy,
treatment response rates have improved, and the number of
patients achieving pathological complete response (pCR) has
increased. With these improvements, clinical trials investigating
the omission of surgery in responders are underway, but the
development of surgical de-escalation strategies requires
accurate and less invasive identification of pCR in patients with
breast cancer undergoing NAC (2).

Among imaging modalities used to assess response to NAC,
contrast-enhanced magnetic resonance imaging (MRI) is
considered to be the most reliable technique (3). However, MRI
alone has limited accuracy in predicting pCR, and its diagnostic
performance varies according to breast cancer subtype, with
lower accuracy reported in hormone receptor (HR)-positive/
HER2-negative breast cancer and higher accuracy in HER2-
positive and triple-negative subtypes (3, 4). To address these
limitations, several integrated prediction models that combine
MRI features with clinicopathological variables (e.g., tumor size,
HR status, HER2 status, and Ki-67 index) have been proposed,
demonstrating superior and less invasive pCR prediction
compared with MRI alone (5, 6).

Recent studies have further suggested that pCR may be predicted
more accurately based on MRI performed during NAC treatment
(interim MRI) than on post-NAC MRI (7). Quantitative longitudinal
parameters, such as changes in tumor size, apparent diffusion
coefficientvaluesondiffusion-weightedimaging,and background
parenchymal enhancement, have also shown promise in
detecting early treatment response (8-10). Nevertheless, studies
comparing the diagnostic accuracy of interim and post-NAC MRI
or evaluating the clinical utility of integrated prediction models
that incorporate clinicopathological variables remain limited (6,
11). Moreover, previous studies defined pCR as the absence of
residual invasive cancer in the breast, whereas only a few have

adopted the stricter criterion of no residual invasive or non-
invasive carcinoma in either the breast or lymph nodes (ypTO0,
ypNO) (6,8, 11, 12).

Therefore, we conducted a retrospective cohort study of patients
with early-stage breast cancer who underwent MRI during and
after NAC. The aim of this study was to compare the predictive
performance of interim and post-NAC MRI in predicting
pCR (defined as ypTO, ypNO) and to evaluate the diagnostic
performance and clinical usefulness of integrated prediction
models combining MRI findings with clinicopathological factors.

Materials and Methods
Study Design and Patients

This single-center, retrospective, observational study was
conducted at Hiroshima University Hospital using data derived
fromamulticenter database; however, only patientstreated atour
institution were included in the present analysis. This is because
interim MRI was not routinely performed at all participating
institutions, and including data from multiple centers would
have resulted in substantial heterogeneity and potentially
missing data in MRI assessments. To ensure consistency and
completeness of imaging data and uniformity in clinical
management and MRI interpretation, we limited the analysis to
a single-center cohort. The study included patients with breast
cancer who underwent NAC between April 2010 and December
2020. All women with invasive breast cancer were eligible if
they underwent MRI at three time points: before NAC, during
the early phase of treatment (interim MRI, i.e., after completion
of the first half of chemotherapy), and after completion of NAC
(post-NAC MRI). Both imaging and pathological evaluation data
were required for patient inclusion.

The exclusion criteria were as follows: (1) presence of distant
metastasis; (2) discontinuation of NAC before completion; and
(3) absence of MRI or insufficient image quality for evaluation
at any of the three time points. Clinical data were obtained
from electronic medical records and the picture archiving and
communication system.

This study was approved by the Ethics Committee for
Epidemiology of Hiroshima University (approval number: E2014-
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1157-06, date: 25.07.2023) and was conducted in accordance
with the Declaration of Helsinki. Formal patient consent was not
required for this retrospective study.

Clinicopathological Factors

The candidate predictors for pCR included clinical tumor
size (T category), clinical nodal status (N category), HR status,
HER2 expression, and nuclear grade. T and N categories were
determined according to the 8" edition of the American Joint
Committee on Cancer TNM staging system based on tumor size
and clinical nodal status (13).

HR-positivity was defined as positive staining for either the
estrogen receptor (ER) or the progesterone receptor. Tumors with
>1% positively stained tumor cells on immunohistochemistry
(IHC) were considered HR-positive. HER2 status was determined
in accordance with the American Society of Clinical Oncology/
College of American Pathologists guidelines and was defined
as positive if scored as IHC 3+ or confirmed as amplified by
fluorescence in situ hybridization (14, 15). All clinicopathological
assessments were based on needle biopsy specimens and
imaging findings obtained before initiation of NAC. pCR was
defined as no residual invasive or non-invasive carcinoma in
both the breast and axillary lymph nodes (ypT0, ypNO).

NAC Regimen

NAC was administered according to standard institutional
protocols consisting of sequential anthracycline- and taxane-
based chemotherapy regimens. Dose-dense schedules were
also adopted in selected cases. For patients with HER2-positive
breast cancer, trastuzumab was administered concurrently with
taxanes. Pertuzumab was additionally incorporated after its
approval for early breast cancer in 2013 (16).

MRI Acquisition and Evaluation

Breast MRI examinations were performed using a 1.5-Tesla
scanner (Achieva; Philips Healthcare, Best, the Netherlands) with
a dedicated breast coil. A gadolinium-based contrast agent (0.1
mmol/kg) was administered intravenously at a rate of 2.0 mL/s
using a bolus injection, followed by a saline flush of at least 10
mL.

The imaging protocol included axial diffusion-weighted imaging
(b-value: 1500 s/mm?), axial T1-weighted imaging, axial fat-
suppressed T2-weighted imaging, and dynamic contrast-
enhanced, fat-suppressed T1-weighted imaging using a 3D turbo
field echo sequence (e-THRIVE). Dynamic images were acquired
at0, 1,2, and 5 minutes after contrast administration. Additional
sagittal contrast-enhanced T1-weighted images were acquired
separately for each breast.
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The slice thickness ranged from 1.6 to 5.0 mm depending on the
sequence, and fat suppression was performed using SPAIR. MRI
was performed at three time points: before NAC, during NAC,
and after NAC.

MRI assessments were based on final radiological reports,
documented by board-certified radiologists in the electronic
medical records. MRI examinations were interpreted under
a double-reading system by two board-certified radiologists.
All radiologists had experience in breast MRI interpretation.
MRI examinations were interpreted with access to clinical
information, including the treatment course, as part of
routine clinical practice. The readers were not fully blinded to
pathological outcomes owing to the retrospective design of the
study. Using information on the presence or absence of residual
lesions and on the degree of contrast enhancement described in
the reports, the investigators determined the final MRI findings
for this study. Radiologic complete response (rCR) was defined
as the complete disappearance of contrast enhancement at the
tumor site on contrast-enhanced MRI.

Statistical Analysis

Logistic regression models were constructed with pCR (ypTO,
ypNO) as the dependent variable. First, Model A was developed
using only clinicopathological variables, without MRI findings.
Variable selection was performed using a stepwise method
based on the minimum Akaike information criterion (AIC).
The assessments of rCR on interim and post-NAC MRI were
sequentially added to the clinicopathological factors to construct
Models B and C, respectively. Model D included both interim and
post-NAC MRI assessments to evaluate their combined predictive
value.

Model performance was compared using the area under the
receiver operating characteristic (ROC) curve (AUC) as the primary
metric. Internal validation was performed using bootstrap
resampling with 1,000 iterations to assess model discrimination.
Sensitivity and specificity were also calculated to evaluate
discriminative ability. To assess clinical usefulness, decision
curve analysis was conducted to compare net benefits across a
range of threshold probabilities.

All statistical analyses were performed using R statistical software
(version 4.5.0; the R foundation for statistical computing, Vienna,
Austria). A two-sided p-value <0.05 was considered statistically
significant. There were no missing data for the variables
included in the regression analysis. Analyses were performed
by breast cancer subtype (HR-positive/HER2-negative, HER2-
positive, and triple-negative). Diagnostic performance metrics,
including sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV), were evaluated within each
subtype.
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Comparison of Diagnostic Performance Metrics

Diagnostic performance of each prediction model was evaluated
using sensitivity, specificity, PPV, NPV, false-positive rate (FPR),
and overall accuracy. All metrics were calculated to assess the
ability of each model to predict pCR.

Sensitivity was defined as the proportion of patients with pCR
correctly identified by the model. Specificity was defined as the
proportion of patients without pCR who were correctly predicted
as not having pCR. PPV and NPV were calculated from the counts
of true-positive, true-negative, false-positive, and false-negative
cases. FPR was defined as the proportion of patients without pCR
who were incorrectly predicted to have pCR (1-specificity), and
accuracy the proportion of correctly classified cases among all
patients.

Results
Patient Characteristics

A total of 249 patients with invasive breast cancer were included
in the analysis. The median age was 52 years. Clinical T1-2
tumors were present in 195 (78%) patients, and 133 (53%) had
clinically positive lymph nodes. pCR was observed in 62 patients
(25%; Table 1).

Logistic Regression Analysis of Clinicopathological Predictors
of pCR

Multivariable logistic regression analysis identified three
independent predictors associated with pCR for Model A: HR
status, HER2 expression, and clinical T category. Clinical T
category >3 [odds ratio (OR) 0.32; 95% confidence interval (Cl)
0.10-0.79; p = 0.023] and HR-positivity (OR 0.42; 95% Cl 0.22—
0.80; p = 0.008) were significantly associated with non-pCR,
whereas HER2-positivity (OR 2.38; 95% CI 1.27-4.51; p = 0.007)
was significantly associated with pCR. Nuclear grade 3 showed a
trend toward significance (OR 1.97; 95% Cl 0.98—4.14; p = 0.063).
The overall model remained statistically significant (likelihood
ratio test, p<0.001; Table 2).

ROC Analysis and Comparison of Models’ Diagnostic
Performance

ROC curve analysis showed that the AUCs were 0.721 (95% Cl
0.661-0.796) for Model A, 0.819 (95% Cl 0.752—0.881) for Model
B, 0.847 (95% Cl 0.791-0.903) for Model C, and 0.848 (95% Cl
0.791-0.906) for Model D. Compared with Model A, all MRI-
based models (Models B-D) showed significantly improved
discrimination (DeLong test, p<0.0001). However, no significant
differences were observed among Models B-D (p = 0.23-0.95;
Figure 1). Bootstrap resampling yielded a mean AUC of 0.829
(95% Cl, 0.762-0.891) for Model B, indicating stable model
discrimination.

Table 1. Baseline characteristics of the study population
(n = 249)

Characteristic n (%)

Age (y), median (range) 52 (22-76)
Menopausal status

Premenopausal 129 (52%)
Postmenopausal 106 (43%)
Unknown 14 (5%)
Clinical T stage

T1/T2 195 (78%)
T3/T4 54 (22%)
Clinical N stage

N-negative 116 (47%)
N-positive 133 (53%)
HR status

Positive 112 (45%)

HER2 status

Positive 79 (32%)
Nuclear grade

Grade 1/2 88 (35%)
Grade 3 161 (65%)
pCR

Achieved 62 (25%)
Not achieved 187 (75%)
Surgery

Breast-conserving surgery 91 (37%)
Mastectomy 157 (63%)
Axillary surgery

Sentinel node biopsy only 104 (42%)
Axillary dissection 144 (58%)

HER2: Human epidermal growth factor receptor 2; HR: Hormone receptor; pCR:
Pathological complete response

Table 2. Clinicopathological factors associated with
pathological complete response selected by AlC-based
stepwise logistic regression (Model A)

. Odds 0
Variables ratio 95% Cl p-value
T3 or higher (vs. T1-2) 0.32 0.10-0.79 = 0.023
HR-positive (vs. HR-negative) 0.42 0.22-0.80 | 0.008

HER2-positive (vs. HER2-negative) | 2.38 1.27-4.51 | 0.007

Nuclear grade 3 (vs. nuclear grade

1-2) 1.97 0.98-4.14 | 0.063

AIC = 259.19; Pseudo-R? = 0.108 (McFadden’s R?). Overall significance of the
logistic regression model (likelihood ratio test): p = 0.0000084. Cl: Confidence
interval; AIC: Akaike information criterion; HER2: Human epidermal growth factor
receptor 2; HR: Hormone receptor
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Calibration

Calibration curve analysis demonstrated that Models B, C, and
D, which incorporated MRI information, had better agreement
between predicted and observed probabilities than Model A
(Figure 2). Model B exhibited good calibration in the low-to-
intermediate probability range, whereas Model C tended to
slightly underestimate predicted probabilities in the higher-
probability range. Model D demonstrated the most consistently
favorable calibration across the full range of predicted
probabilities.

Clinical Utility based on Decision Curve Analysis

All prediction models demonstrated greater net benefit than
did the treat-all and treat-none strategies. Model B provided the
greatest net benefit in the higher threshold probability range
(=0.6), whereas Model C showed relatively higher clinical utility
in the lower threshold probability range (<0.3; Figure 3).

Comparison of Diagnostic Accuracy Metrics

Model B demonstrated the highest sensitivity (0.99) and NPV
(0.97), indicating an excellent ability to identify patients who
achieve pCR. However, Model B also showed the lowest specificity
(0.45) and the highest FPR (0.55), suggesting a substantial risk of
misclassifying non-pCR cases as pCR.

1.004

o

~

o
1

Model

Model A
Model B
Model C
Model D

»” Model A (AUC = 0.721)

, Model B (AUC = 0.819)
’ Model C (AUC = 0.847)
Model D (AUC = 0.848)

True Positive Rate (Sensitivity)
=] o
& 3

0.004
/

0.00 0.25 0.50 0.75 1.00
False Positive Rate (1 - Specificity)

Figure 1. ROC curves of four logistic regression models for
predicting pCR. The AUC values were 0.721 for Model A,
0.819 for Model B, 0.847 for Model C, and 0.848 for Model
D. Models incorporating MRI information (Models B-D)
demonstrated markedly better predictive performance
than that of Model A, whereas differences among the MRI-
based models were minimal

ROC: Receiver operating characteristic; MRI: Magnetic resonance
imaging; pCR: Pathological complete response; AUC: Area under the
curve
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Model A showed the highest specificity (0.73) and the lowest FPR
(0.27). Model C yielded the highest PPV (0.88), while Models C
and D demonstrated comparable overall accuracy (0.83), slightly
lower than that of Model B (0.86).
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Figure 2. Calibration curves of four prediction models
for pCR. Models incorporating MRI information (Models
B-D) showed better agreement between predicted and
observed probabilities than did Model A, with Model D
demonstrating the most consistent calibration across a
wide range of predicted probabilities

MRI: Magnetic resonance imaging, pCR: Pathological complete
response
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Figure 3. Decision curve analysis of four logistic regression
models for predicting pCR. Decision curve analysis of the
four prediction models: The vertical axis indicates net
benefit, and the horizontal axis indicates the threshold
probability for pCR. All models provided greater net benefit
than did the treat-all and treat-none strategies. Model B
showed the highest clinical utility in the higher threshold
probability range (>0.6), whereas Model C showed relatively
greater utility in the lower threshold probability range
(<0.3)

pCR:  Pathological complete response; NAC: Neoadjuvant
chemotherapy; MRI: Magnetic resonance imaging
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These findings indicate that although Model B is highly sensitive
and useful for identifying responders, its high FPR may limit its
applicability for safely guiding surgical de-escalation (Table 3).

Subtype-Specific Analysis

Subtype-specific analyses revealed differences in diagnostic
performance among the models across breast cancer subtypes
(HR-positive/HER2-negative, HER2-positive, and triple-negative
breast cancer).

Model B showed higher specificity in subtype analyses and lower
FPRs across subtypes, whereas Models C and D showed more
balanced performance with higher sensitivity. These subtype-
specific results are presented in Supplementary Tables 1A-C.

Discussion and Conclusion

In this study, the interim MRI-based pCR prediction model
demonstrated a diagnostic performance comparable to that
of post-NAC MRI, indicating its potential usefulness for clinical
decision-making at an early-stage of treatment. Although
Model B achieved the highest sensitivity (0.99) and NPV (0.97),
this benefit was associated with the highest FPR (0.55), raising
concerns about the risk of overtreatment when applied to
surgical de-escalation. Models C and D demonstrated slightly
superior overall discrimination with the highest AUC values
(0.847 and 0.848); however, the improvement over Model B was
marginal, and their FPRs remained moderately high.

Calibration curve analysis showed that MRI-integrated models
provided better agreement between predicted and observed
probabilities than did Model A, with Model D demonstrating the
most stable calibration across all ranges. Decision curve analysis
indicated that Model B provided the greatest net benefit at
higher threshold probabilities (=0.6), supporting its value when
prioritizing pCR detection for early treatment intensification.
Conversely, Model C was more beneficial at lower thresholds
(20.3), suggesting that these models may have complementary
roles depending on specific clinical goals. Taken together,
interim MRI offers clinically meaningful predictive performance

comparable to that of post-NAC MRI while enabling earlier
therapeutic intervention. However, the relatively high FPR
indicates that interim MRI alone may not be a safe guide for
surgical de-escalation and that integration with post-NAC MRI
remains essential to reduce unnecessary undertreatment and
to optimize individualized patient care.

Previous prospective studies have also suggested the value
of interim MRI for early assessment of treatment response.
However, many of these studies were limited by small
sample sizes or focused on specific molecular subtypes
(e.g., ER-positive/HER2-negative), which may have restricted
generalizability to real-world practice (8, 12). In contrast, the
present study included all molecular subtypes and incorporated
diverse treatment sequences reflective of contemporary
clinical practice. Thus, our results provide evidence that the
utility of interim MRI can be extrapolated to a broader patient
population.

Response-adapted treatment strategies guided by MRI have
recently gained attention in NAC. For example, the TRAIN-3
trial evaluated an MRI-guided early termination strategy based
on rCR, demonstrating reduced treatment burden without
compromising pCR rates (17). The I-SPY 2 trial incorporated early
MRI response into its adaptive trial design, reporting a strong
association between interim MRI response and pCR (18). These
findings highlight the role of interim MRI not only as a predictive
imaging biomarker but also as a key component in optimizing
treatment duration and regimen selection. Our study supports
this concept by demonstrating that combining interim MRI
findings with clinicopathological factors can facilitate effective
response-adapted clinical decision-making.

The strengths of this study include (1) a relatively large, single-
institution cohort of 249 patients; (2) MRI evaluation at three
standardized time points (pre-NAC, interim, and post-NAC),
covering a broad range of molecular subtypes and treatment
regimens reflecting real-world practice; (3) use of a strict
definition of pCR (ypTO0, ypNO); and (4) comprehensive evaluation

Table 3. Diagnostic performance for predicting pathological complete response in each prediction model

Parameter Model A Model B Model C Model D
Sensitivity 0.59 (0.52—0.66) 0.99 (0.97-1.00) 0.90 (0.85-0.94) 0.91 (0.86-0.95)
Specificity 0.73 (0.60-0.83) 0.45 (0.32-0.58) 0.63 (0.50-0.75) 0.60 (0.46-0.72)
PPV 0.87 (0.80-0.92) 0.85(0.79-0.89) 0.88 (0.82-0.92) 0.87 (0.82-0.92)
NPV 0.37(0.29-0.46) 0.97 (0.82-1.00) 0.67 (0.54-0.79) 0.69 (0.54-0.80)
FPR 0.27 (0.17-0.40) 0.55 (0.42-0.68) 0.37 (0.25-0.50) 0.40 (0.28-0.54)
Accuracy 0.63 (0.56-0.69) 0.86 (0.81-0.90) 0.83 (0.78-0.88) 0.83 (0.78-0.88)
Values are shown as estimates with 95% confidence intervals in parentheses.

FPR: False-positive rate (1-specificity); NPV: Negative predictive value; PPV: Positive predictive value
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of discrimination, calibration, and clinical usefulness using
decision curve analysis. These features reinforce the clinical
applicability of the developed prediction models.

Some limitations should also be acknowledged. First, as this
was a single-center retrospective study, potential selection
and information biases cannot be excluded. Second, patients
were treated between 2010 and 2020, and updated analyses
incorporating more recent standard-of-care regimens, including
immunotherapy for triple-negative breast cancer, are warranted
(19). Third, variable selection was performed using an AlC-based
stepwise procedure, which may have introduced data-driven
selection bias and potential overfitting. However, internal
validation using bootstrap resampling suggested that the model
performance was relatively stable, although external validation
is warranted.

Fourth, subgroup analyses by breast cancer subtype were
performed; however, the results should be interpreted with
caution due to the limited sample size in each subgroup. This
study did not assess the absolute clinical consequences of false
positives (undertreatment) or true positives (benefit), as the
primary objective was to compare relative usefulness among
models. Future investigations should incorporate regimen-
specific toxicity and patient preferences when defining clinically
meaningful decision thresholds.

Future Perspectives

External validation using independent cohorts is necessary to
confirm the generalizability of our findings. Standardization
of MRI acquisition and interpretation criteria should also be
pursued. Additionally, incorporating quantitative MRI-derived
parameters (e.g., volumetric tumor shrinkage, signal intensity
changes) may further improve objectivity and reproducibility in
prediction models (20). Ultimately, integration of these predictive
models into routine clinical workflows to guide response-adapted
strategies and to dynamically optimize treatment duration and
regimens based on interim MRI responses will be essential. Such
an approach may enhance personalized breast cancer care by
maximizing therapeutic benefit while minimizing unnecessary
treatment-related toxicities.

In this study, we showed that interim MRI demonstrated
predictive performance for pCR in patients with breast cancer
that was comparable to that of post-NAC MRI and enabled
earlier clinical decision-making, indicating its potential utility as
a decision-support tool that can be implemented early in the
management of breast cancer.
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ABSTRACT

Tattoo pigment may migrate to regional lymph nodes and appear as dense deposits and/or calcifications, mimicking malignant axillary findings
on breast imaging. We report a breast imaging case with apparent axillary lymph node calcifications detected on mammography and ultrasound,
in which image-guided sampling and histopathology demonstrated tattoo pigment-related deposits without malignancy. Awareness of this
benign mimic, combined with careful correlation with the clinical history and multimodality imaging, can prevent unnecessary escalation of
care. Additionally, confirming imaging-pathology concordance supports accurate diagnosis and helps avoid overtreatment.

Keywords: Tattoo; axillary lymph node; calcifications; breast imaging

KEY POINTS

* Tattoo pigment migration can mimic calcifications in axillary lymph nodes, potentially simulating malignant disease on breast imaging.

« Careful correlation of imaging features with clinical history and pathology, when required, helps to avoid unnecessary invasive procedures.

» Awareness of this benign mimic is important to prevent overtreatment and patient anxiety.

Introduction

Axillary lymph node calcifications are uncommon findings on
mammography and ultrasound, with a differential diagnosis
that includes both benign and malignant conditions. In
recent decades, the migration of tattoo pigments to regional
lymph nodes has been increasingly recognized as a potential
diagnostic pitfall, particularly in light of the rising prevalence
of both tattoos and breast cancer screening. The first case
report describing tattoo pigment mimicking mammographic

calcifications was published by Honegger et al. (1) in 2004, and
since then, several additional reports have documented similar
findings, underscoring the challenge of distinguishing pigment
deposits from true pathology (2-5). These deposits can closely
resemble calcifications and, in some cases, may be mistaken for
metastatic disease, creating significant diagnostic difficulties.

The aim of this case report is to raise awareness of this
imaging pitfall and to emphasize the importance of correlating
radiological findings with clinical history to avoid misdiagnosis
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and unnecessary interventions, such as biopsies. However, when
clinical and radiological findings are inconclusive, histological
examination may be required for a definitive diagnosis.

Case Presentation

A 50-year-old woman attended routine  screening
mammography. Images demonstrated hyperdense foci,
simulating coarse heterogeneous calcifications, within two right
axillary lymph nodes (Figure 1), which had otherwise normal
size and morphology. No suspicious findings were observed
in either breast. The patient was recalled for ultrasound,
which confirmed the presence of echogenic foci within two
lymph nodes of preserved morphology, including an intact
fatty hilum and cortical thickness less than 3 mm (Figure 2).
Given the absence of breast abnormalities, a contrast-
enhanced breast magnetic resonance imaging (MRI) was
performed to rule out occult disease. MRI revealed no
suspicious breast lesions and showed magnetic susceptibility
artifacts inside two right lymph nodes (Figure 3). Despite this,
an ultrasound-guided core-needle biopsy was performed to
exclude malignancy or extramammary metastasis (Figure 4).
Radiography of the biopsy specimen confirmed the retrieval
of dense material (Figure 5). Histopathology demonstrated
lymphoid tissue containing greenish-black pigment deposits,

Figure 1. shows

Digital
hyperdense foci in two right axillary lymph nodes (arrows)
simulating calcifications. The breast parenchyma shows
no abnormalities, despite the breast being categorized by
breast composition c¢ (heterogeneously dense). Technique:
Synthesized 2-dimensional mammogram (mediolateral
oblique views)

screening  mammogram

with no evidence of carcinoma or calcifications (Figures 6, 7).
On further clinical questioning, the patient reported a tattoo
on the right arm (Figure 8), within the drainage territory of the
axillary lymph nodes. Written informed consent was obtained
from the patient for publication of this case and accompanying
images.

Figure 2. Right axillary ultrasound confirms the presence
of apparent calcifications in two axillary lymph nodes
(arrows). They have oval shape with a preserved fatty hilum
(asterisks) and cortical thickness less than 3 mm. Technique:
High frequency linear probe ultrasound, 14 MHz
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Figure 3. (A) Axial T1-weighted and (B) T1-weighted fat-
suppressed magnetic resonance images show magnetic
susceptibility artifacts within two right lymph nodes
(arrows), which are not observed in the contralateral
nodes (arrowhead). No abnormalities were found in the
breast parenchyma. Technique: Bilateral breast magnetic
resonance imaging (axial) using a 1.5T magnet

Figure 4. An ultrasound-guided core-needle biopsy was
performed. The image depicts the needle passing through
the cortex. Notice the hyperechogenic foci within it,
corresponding to the apparent calcifications (arrows).
Technique: High frequency linear probe ultrasound, 14 MHz

Discussion and Conclusion

The presence of calcifications in the axillary lymph nodes is an
unusual finding. The deposition of tattoo ink within axillary
lymph nodes may mimic calcifications, as the color pigments
are commonly mixed with or derived from various heavy
metal oxides (6). The most widely accepted theory regarding its
etiopathogenesis is that repeated intradermal injection of ink
during tattooing initiates an inflammatory response driven by
macrophages. These macrophages phagocytose some of the
metal fragments, which are then slowly transported to the

360

Figure 5. Photograph of the core-needle biopsy specimen
with X-ray correlation. Note the darkest areas (due to ink),
which correspond to regions of calcification density

Figure 6. Two lymph node cylinders are observed with
blackish areas suggestive of ink marking. Technique:
Hematoxylin-eosin stain

axillary lymph nodes via lymphatic vessels, where they remain
foryears (7). The accumulation of tattoo pigment in lymph nodes
can also resemble the appearance of blue dye used for sentinel
node identification, which may result in unnecessary removal of
additional axillary nodes (8).

On mammography, tattoo ink deposits are usually seen as foci of
calcification density within the lymph node, which may mimic true
calcifications. These deposits may sometimes appear as punctate
(5), coarse heterogeneous (2), which was similar to the findings in
the presented case, or amorphous (3, 4) calcifications on imaging,
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all of which can raise suspicion of malignancy, especially in the
case of a personal history of breast cancer (4) or if the lymph
node shows other concerning signs, such as enlargement (1).
Mammographic features suggestive of abnormal axillary lymph
nodes include loss of the fatty hilum, a round rather than oval
morphology, poorly defined margins, and increased size or
density compared to previous imagind studies (1, 9). However, in
most reported cases, lymph nodes with tattoo ink deposits have
maintained normal size and morphology (3, 4).

These ink deposits can also be seen on ultrasound, usually
as echogenic foci suggestive of calcifications (1). Sonography
allows a better assessment of the lymph nodes. In breast cancer,
axillary lymph nodes are commonly classified based on cortical
morphologic features. The identification of asymmetric focal
hypoechoic cortical lobulation or a completely hypoechoic
lymph node should prompt cytological or histopathological
evaluation (10).

Figure 7. At higher magnification, dark greenish pigment
is seen trapped within cellular components in the lymph
node tissue. Technique: Hematoxylin-eosin stain

Figure 8. Photograph of the patient’s arm tattoo

There are other etiologies that can cause calcified
lymphadenopathies, both benign and malignant. The
benign causes include, for example, tuberculosis, sarcoidosis,
histoplasmosis and prior Bacillus Calmette-Guerin vaccination.
These granulomatous calcifications typically exhibit a coarse
appearance (5, 11). Long-term chrysotherapy, which involves
the administration of gold salts for the treatment of rheumatoid
arthritis, can result in their accumulation in the lymph nodes,
potentially simulating calcifications. This deposition may persist
for up to 20 years after discontinuation of therapy (5, 12). A
similar phenomenon occurs with certain drugs, such as cocaine,
due to talc deposition. Another benign etiology to consider is fat
necrosis, especially when calcifications are located in the axillary
tail and the patient has a history of prior trauma (13). Talc
powder from certain deodorants may also mimic calcified lymph
nodes on mammography, particularly when the calcifications
are bilateral (3).

The most common malignant cause of axillary lymph node
calcifications is metastasis from breast carcinoma (5, 14). These
calcifications are usually unilateral and present as pleomorphic
and/or amorphous microcalcifications, similar to those seen
in breast cancer lesions, in contrast to the coarse and large
calcifications commonly associated with benign processes (14).
In cases of occult carcinoma, however, axillary calcifications may
be more difficult to differentiate.

Non-breast neoplasms that can occasionally cause calcified
adenopathy in the axilla (often bilaterally) include those
that produce mucin, such as ovarian serous-papillary
adenocarcinoma (4,9), mucinous adenocarcinoma of the colon
and papillary thyroid carcinoma. These calcifications typically
appear amorphous and peripheral, due to the presence of
psammoma bodies (9). In addition, patients with lymphoma
undergoing treatment (either chemotherapy or radiotherapy)
may exhibit calcification of axillary lymphadenopathy, which, in
this context, is associated with a favorable therapeutic response
(5, 15).

Both clinical history and physical examination, together with
imaging findings, are essential for narrowing the differential
diagnoses. In cases of suspicious calcifications in axillary
lymph nodes and negative results on conventional imaging
(mammography/ultrasound), contrast-enhanced breast MRI
may be performed to identify an occult primary tumor (16). In
patients where benign status can be confidently established,
unnecessary biopsies can be avoided. Nevertheless, if tissue
sampling is performed, accurate clinical and radiologic-
pathologic correlations are required.

In summary, the presented case report described an uncommon
mammographic finding of calcification in axillary lymph nodes
resulting from migration and deposition of pigment after
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tattooing. This condition, likely unfamiliar to most radiologists,
should be considered in the differential diagnosis to avoid
unnecessary escalation of care.
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ABSTRACT

Myeloid sarcoma (MS) involving the breast is rare. We reviewed a case of a 21-year-old female with palpable masses in the bilateral breasts
without medullary acute myeloid leukemia. Ultrasound revealed irregular, indistinct, and complex hypoechoic masses with internal blood
flow and hyperechoic halos in the bilateral breasts. A biopsy was subsequently recommended, and MS was confirmed. Further cytogenetic
evaluation of breast biopsy specimens demonstrated positive t(16;16)(p13.1;922) translocation. The patient was admitted for chemotherapy.
Subsequent follow-up breast ultrasound following chemotherapy revealed a notable treatment response. This report aims to delineate the

ultrasound characteristics of breast MS and the utilization of ultrasound in the evaluation of early response to chemotherapy.

Keywords: Myeloid sarcoma; breast; ultrasonography

KEY POINTS
* Myeloid sarcoma (MS) involving bilateral breast is rare but aggressive.
« Ultrasound plays a certain role in the initial evaluation of breast MS.

* The assessment of therapeutic response involves the use of ultrasound.

Introduction

Myeloid sarcoma (MS), also known as granulocytic sarcoma or
chloroma, is a rare subtype of acute myeloid leukemia (AML)
that involves the extramedullary proliferation of myeloid blasts.
It often occurs concomitantly with AML or myelodysplastic
diseases, and rarely without bone marrow involvement (1, 2). MS
involving the breast is even rarer. Imaging knowledge of breast
MS remains limited due to its rarity. This study aims to enhance
the understanding of ultrasound characteristics of the disease.

Case Presentation

A 21-year-old female presented to our breast clinic with a
6-month history of rapidly enlarging palpable and painless
breast masses in January 2024. She denied any other notable
medical history. A physical examination revealed firm lumps
measuring 60x55 mm and 20x15 mm, respectively, in the left
and right subareolar areas. The presence of light skin edema was
observed in the central retroareolar region of both breasts.
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The ultrasound revealed two distinct masses in the right breast.
The first mass, measuring 50x42 mm, was identified in the
central retroareolar region, while the second, measuring 50x21
mm, was located in the upper outer quadrant (Figure 1). The
masses were irregularly shaped with indistinct margins, a non-
homogeneous hypoechoic central portion, and a hyperechoic
peripheral halo. Relatively rich internal blood flow signals with
a resistance index of 0.57 were observed. Concurrently, in the
left breast, a substantial hypoechoic mass was identified in the
central retroareolar region, measuring approximately 74x50
mm. Additionally, a smaller hypoechoic mass was detected in
the upper inner quadrant (Figure 2). These masses presented
similarly in appearance on ultrasound. Furthermore, an
abnormal lymph node measuring 158 mm was identified in the
left axilla, characterized by cortical thickening, loss of lymphoid
follicles, and a hyperechoic peripheral halo (Figure 2). The
patient was given a breast imaging-reporting and data system

classification of 4b. In light of the potential radiation exposure,
the recommendation was made to opt for an ultrasound-guided
biopsy over mammography.

Pathology showed breast tissue with diffuse infiltrate of blasts,
consistent with MS (Figure 3). The neoplastic cells were strongly
positive for myeloperoxidase, CD33, (D43, and (D34, and
partially positive for CD117 and CD68. The patient went on to have
a bone marrow biopsy, yielding no clear evidence of medullary
ALM. Subsequent cytogenetic testing of breast biopsy specimens
demonstrated positive t(16;16)(p13.1;q22) translocation (GBFf-
MYH11 gene). Fluorine-18 fluorodeoxyglucose positron emission
tomography-computed tomography (PET-CT) imaging revealed
multiple metabolically active masses in both breasts, as well as
metabolic activity in lymph nodes, intestinal wall at the terminal
ileum, uterus, bilateral ovaries, left perineum, and left parieto-
occipital subcutaneous tissue and muscles.

. Piisivw A

Figure 1. Ultrasound images of the right breast. Ultrasound revealed a non-homogeneous hypoechoic mass in the central
retroareolar region (a). Doppler ultrasound revealed that the mass exhibited internal blood flow with a moderate resistance index
(b). The second mass was located in the upper outer quadrant (c), with relatively rich internal blood flow signals (d)
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Figure 2. Ultrasound images of the left breast and left axilla. A substantial hypoechoic mass was revealed by ultrasound in the
central retroareolar region (a), accompanied by relatively rich internal blood flow signals (b). The second mass was located in the
upper inner quadrant (c). An abnormal lymph node was identified in the left axilla (d)
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Figure 3. Hematoxylin and eosin-stained sections of the
core biopsy showed a diffuse infiltration of intermediate-
sized atypical mononuclear cells with ovoid to irregular
nuclear contours (a, 200x; b, 400x)

The patient was referred to hematological oncology, where she
underwent six cycles of chemotherapy comprising cytarabine
and sorafenib. Following the first cycle of chemotherapy,
ultrasound imaging demonstrated a notable treatment response
(Figure 4). The mass in the upper inner quadrant of the left
breast and the left axillary lymph node disappeared. A PET-CT
scan, conducted after four cycles of chemotherapy, revealed no

evidence of residual tumors. At the latest follow-up in May 2025,
the patient was thriving and disease-free.

Discussion and Conclusion

MS is a distinct entity among myeloid neoplasms. It is
characterized by the development of tumor masses, consisting
of immature myeloid cells at extramedullary sites. MS involving
the breast is rare. Breast MS is characterized by the presence of
masses in the breast with rapid enlargement. Patients typically
present to breast clinics, and breast ultrasound is most frequently
utilized.

We reviewed prior literature. Breast MS is always characterized
by irregular shape, indistinct margin, and hypoechoic pattern
(3-14). Furthermore, the presentation of breast MS may manifest
as an oval form with a circumscribed margin (15). The current
case adds additional imaging evidence to the limited literature.
In this case, the internal echo pattern of the lesions in the left
breast was completely hypoechoic, while the lesions in the
right breast manifested as non-homogeneous hypoechoic. We
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Figure 4. Following the first cycle of chemotherapy, ultrasound imaging demonstrated a notable treatment response in the right
breast masses (a, b), as well as a reduction in the size of the central retroareolar mass in the left breast (c). Notably, rich blood
flow signals remained observable in the latter (d)

speculated that the internal echo pattern exhibited variability
due to the extent of infiltration by immature myeloid cells and
the presence of residual lobules and ducts.

Though the relatively non-specific imaging characteristics
of breast MS, ultrasound may play a certain role in the initial
evaluation. Bilateral breast involvement with multiple
masses is comparatively common in breast MS (3, 5, 9-12, 15).
Interestingly, in cases involving multiple lesions, ultrasound
mass characteristics demonstrate a tendency to manifest
similarly (3, 5, 9-12, 15). Echogenic halo is common in breast
MS (3-5, 9, 11-14). While calcification is rare in breast MS.
Histopathological and immunohistochemical examinations
are necessary for confirming the final diagnosis. Following
admission to chemotherapy, breast ultrasound is a simple and
effective modality for assessing the early therapeutic response.

Though relatively non-specific, breast MS tends to present as
irregular, indistinct, and complex hypoechoic masses with

366

internal blood flow on ultrasound. Hyperechoic halos are
common. Ultrasound may play a certain role in the initial
evaluation and follow-up therapeutic response assessment of
breast MS.
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Axillary De-Escalation: Precision Matters
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Dear Editor,

We read with interest the review by Mukherjee et al. (1) on
omission of sentinel lymph node biopsy (SNB) in early-stage
breast cancer. The topic is important and evolving. However,
several key elements essential for safe clinical implementation
are insufficiently defined or omitted in their review. This
becomes apparent when the review is considered alongside
contemporary guideline recommendations (2).

First, current recommendations do not support a broad or
biologically vague omission strategy. They define a highly
selected patient population in whom SNB may be safely omitted:
postmenopausal women aged >50 years, with unifocal invasive
ductal carcinoma <2 c¢m, Nottingham grade 1-2, hormone
receptor-positive/human epidermal growth factor receptor
2-negative disease, a negative preoperative axillary ultrasound
(or a single suspicious node with benign concordant biopsy),
planned adjuvant endocrine therapy, and upfront breast-
conserving surgery followed by whole-breast radiotherapy (2). In
contrast, Mukherjee et al. (1) refer to “low-risk” or “favourable”
disease without consistently presenting these criteria as
mandatory conditions, thereby risking overextension of the
concept.

Second, omission of SNB is explicitly conditioned on the
assumption that nodal information would not change
adjuvant systemic or radiotherapy decisions. Preoperative
multidisciplinary discussion is therefore essential. This safeguard

is not highlighted in the review, despite its central role in
preventing undertreatment.

Third, the contemporary American Society of Clinical Oncology
(ASCO) guideline introduces an important age-specific nuance
(2). In patients >65 years who otherwise meet omission criteria,
radiotherapy after breast-conserving surgery is not mandatory.
This distinction, derived from CALGB 9343 and PRIME IlI, has
direct implications for shared decision-making (3, 4). Mukherjee
et al. (1) do not address this age-specific consideration and
implicitly present radiotherapy as standard, thereby overlooking
an established opportunity for further treatment de-escalation
in selected older patients.

Fourth, ASCO defines surgery-specific axillary pathways after
mastectomy (2). Patients with one to two positive sentinel nodes
may omit completion axillary dissection only if postmastectomy
regional nodal irradiation is planned. In the absence of such
radiotherapy, axillary dissection remains recommended. These
decision pathways are only superficially discussed in the review,
despite their clear clinical relevance.

Finally, ASCO is explicit about what should not be done: routine
SNB for ductal carcinoma in situ treated with breast-conserving
surgery is discouraged (2). SNB should not be performed solely
to evaluate internal mammary nodes. Nor should SNB replace
axillary dissection in inflammatory breast cancer or in the
presence of biopsy-proven palpable axillary disease (2). These
explicit “red lines” are not systematically highlighted.
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In summary, the review by Mukherjee et al. (1) is timely and
informative. However closer alignment with the prescriptive
structure of the current recommendations would improve
its clinical precision. In axillary de-escalation, nuance is not
optional. Precision is the safety net. Clear eligibility criteria,
explicit contraindications, and treatment-altering decision
points are essential to ensure that “less” surgery truly remains
“no less” care.
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Dear Editor,

We read with great interest the narrative synthesis by Vidya et al.
(1) on divergent global adoption patterns in minimally invasive
breast surgery (MIBS). Their review is both timely and important,
as it shifts the discussion beyond feasibility, safety, and oncologic
non-inferiority toward a more clinically relevant question: how
minimally invasive nipple-sparing mastectomy (NSM) can be
disseminated effectively across different healthcare systems.
The authors demonstrate that minimally invasive mastectomy
is not a single entity but a family of procedures shaped by
infrastructure, training, the integration of reconstruction, cost,
and institutional priorities. This classification provides a valuable
framework for understanding robotic and endoscopic NSM as
context-dependent solutions.

A particularly insightful aspect is the contrast between robotics-
driven adoption in high-income countries and endoscopic
innovation at scale in upper-middle-income settings. Robotic
NSM, while enabled by advanced platforms and institutional
investment, remains resource-intensive and concentrated in
specialized centers. In contrast, endoscopic NSM represents
a more scalable and cost-conscious solution adaptable to
high procedural volumes. This distinction highlights that the

evolution of MIBS is driven as much by system-level constraints
as by technical capability.

This raises an important implication: the future of MIBS may not
rest on a binary choice between conventional endoscopy and
full robotic surgery, but on developing intermediate solutions
that address the ergonomic limitations of rigid endoscopic
instruments without imposing the full infrastructural burden of
robotic platforms. This intersects with a key yet underexplored
question in breast surgery: whether reproducible, ergonomically
improved, and scalable techniques can be developed that bridge
the extremes of rigid endoscopy and high-cost robotics.

In our recent technical report, we described single-port
endoscopic NSM using a handheld motorized articulating system
inselected patients (2). The rationale was straightforward: straight
laparoscopic instruments remain limiting, whereas articulating
instruments improve angulation and facilitate dissection in
constrained planes while preserving direct manual control.
We therefore positioned this approach as an intermediate,
minimally invasive technique between fully robotic systems and
endoscopic techniques.” In subsequent work, we emphasized
that the central challenge in minimal-access NSM is no longer
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feasibility alone, but technical reproducibility and ergonomic
sustainability (3).

This perspective is also consistent with contemporary outcome
data. Minimally invasive NSM has been shown to achieve
oncologic outcomes comparable to conventional approaches
(4), while emerging prospective data suggest non-inferior—
and in some analyses lower—early postoperative complication
rates (5). These findings extend the relevance of minimal-access
techniques beyond cosmetic benefit, reinforcing the importance
of expanding access through reproducible and scalable
approaches.

Seen through the lens of Vidya et al. (1), the “middle-ground”
concept is not a niche technical curiosity, but a direct response
to the health-system challenges they describe. If robotic NSM
remains concentrated in well-resourced centers and endoscopic
NSM represents the more scalable option, technologies that
enhance endoscopic ergonomics without requiring a full robotic
program may facilitate broader dissemination.

Importantly, this relevance is not purely economic. The authors
highlight that learning curves, structured training pathways,
and institutional experience are central to safe adoption (1).
Outcomes improve with experience, yet training frameworks
and reporting remain inconsistent. This underscores that the
challenge is not whether the procedure can be performed but
whether it can be standardized, taught, and reproduced beyond
early-adopter centers.

For this reason, ergonomics and reproducibility should be
viewed as global safety issues rather than technical refinements.
A technically elegant operation that cannot be reliably
reproduced will have limited impact. In contrast, reproducible
workflows that integrate into existing endoscopic infrastructure
may expand access to safe surgery more broadly (3).

Another strength of the study is its avoidance of technological
triumphalism. By highlighting that the evolution of MIBS is
driven “not only by technical feasibility but increasingly by
system-level determinants,” the authors redirect attention
from platforms to processes (1). In this context, intermediate
articulating technologies should be viewed not as alternatives
to robotics, but as complementary tools within a spectrum of
solutions.

Ultimately, we agree with the authors that the future of
MIBS will depend on more than technical proof of concept.
Reproducibility, training, and context-sensitive implementation
will be equally important. Between rigid endoscopy and full
robotics, there exists a space where ergonomically improved and
scalable solutions may help extend the benefits of minimally
invasive NSM more safely and globally.
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