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

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

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

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

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

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

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

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

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

Submission Fee

The European Journal of Breast Health (Eur J Breast Health) has an open access 
to all articles published by itself and provides online free access as soon as it is 
published in the journal. We have published our journal for more than 15 years 
without any requests from you. But today, European Journal of Breast Health 
has had to charge you a low fee (100$) at the time of application to cover its 
increasing costs for services. 

Open Access Policy

This journal provides immediate open and free access to its content on the 
principle that making research freely available to the public supports a greater 
global exchange of knowledge.

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

reviewed research literature, we mean its free availability on the public internet, 
permitting any users to read, download, copy, distribute, print, search, or link 
to the full texts of these articles, crawl them for indexing, pass them as data to 
software, or use them for any other lawful purpose, without financial, legal, or 
technical barriers other than those inseparable from gaining access to the internet 
itself. The only constraint on reproduction and distribution, and the only role for 
copyright in this domain, should be to give authors control over the integrity of 
their work and the right to be properly acknowledged and cited.

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

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

CC BY-NC-ND includes the following elements:

BY – Credit must be given to the creator

NC – Only noncommercial uses of the work are permitted

ND – No derivatives or adaptations of the work are permitted

Please contact the publisher for your permission to use requests.

Contact: info@eurjbreasthealth.com

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

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

All published content is available online, free of charge at 
 www.eurjbreasthealth.com.
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of all the content published in the journal.
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The European Journal of Breast Health (Eur J Breast Health) is an 
international, open access, online-only periodical published in accordance 
with the principles of independent, unbiased, and double-blinded peer-
review.

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

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

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

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

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

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

In the event of alleged or suspected research misconduct, e.g., plagiarism, 
citation manipulation, and data falsification/fabrication, the Editorial Board 
will follow and act in accordance with COPE guidelines.

Each individual listed as an author should fulfill the authorship criteria 
recommended by the International Committee of Medical Journal Editors

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

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

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

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

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

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

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

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

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

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

When submitting a manuscript to the European Journal of Breast Health, 
authors accept to assign the copyright of their manuscript to Turkish 
Federation of Breast Diseases Societies. If rejected for publication, the 
copyright of the manuscript will be assigned back to the authors. European 
Journal of Breast Health requires each submission to be accompanied by 
a Copyright Transfer and Acknowledgement of Authorship Form (available 
for download at www.eurjbreasthealth.com). When using previously 
published content, including figures, tables, or any other material in 
both print and electronic formats, authors must obtain permission from 

Instructions to Authors



A-V

the copyright holder. Legal, financial and criminal liabilities in this regard 
belong to the author(s).

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

Submission Fee

The European Journal of Breast Health (Eur J Breast Health) has an open 
access to all articles published by itself and provides online free access as 
soon as it is published in the journal. We have published our journal for 
more than 15 years without any requests from you. But today, your journal 
has had to charge you a low fee (100$) at the time of application to cover 
its increasing costs for services. 

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

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

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

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

• Quality of the journal,

• Editorial and technical processes of the journal,

• Market conditions,

• Other revenue streams associated with the journal

You can find the submission fees fee list here.

Article type Price

Original articles $100

Editorial comment Free of charge

Review article (No application fee will 
be charged from invited authors) $100

Case report $100

Letter to the editor Free of charge

Images in clinical practices Free of charge

Current opinion Free of charge

Systematic review $100

When and How do I pay?

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

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

There are two options to purchase the submission fee:

1- Making a remittance

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

Account no/IBAN:	 TR49 0011 1000 0000 0098 1779 82 (TL)

	 TR17 0011 1000 0000 0098 5125 29 (USD)

	 TR73 0011 1000 0000 0098 5125 88 (EUR)

Account name: Meme Hastalıkları Dernekleri Federasyonu İktisadi İşletmesi

Branch code (QNB Finans Bank Cerrahpaşa): 1020

Swift code: FNNBTRISOPS

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

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

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

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

Refund policy:

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

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

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

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

MANUSCRIPT PREPARATION

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

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

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

Authors are required to submit the following:

• Copyright Transfer and Acknowledgement of Authorship Form, and

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

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

Preparation of the Manuscript

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

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

•	 Name(s), affiliations, and highest academic degree(s) of the author(s),

•	 Grant information and detailed information on the other sources of 
support,

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

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

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

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

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

Manuscript Types

Original Articles: This is the most important type of article since it provides 
new information based on original research. The main text of original 
articles should be structured with “Introduction”, “Materials and Methods”, 
“Results”, “Discussion and Conclusion” subheadings. Please check Table 1 
for the limitations for Original Articles.

Statistical analysis to support conclusions is usually necessary. Statistical 
analyses must be conducted in accordance with international statistical 
reporting standards (Altman DG, Gore SM, Gardner MJ, Pocock SJ. 

Statistical guidelines for contributors to medical journals. Br Med J 1983: 
7; 1489-93). Information on statistical analyses should be provided with 
a separate subheading under the Materials and Methods section,and the 
statistical software that was used during the process must be specified.

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

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

Review Articles: Reviews prepared by authors who have extensive 
knowledge on a particular field and whose scientific background has been 
translated into a high volume of publications with a high citation potential 
are welcomed. These authors may even be invited by the journal. Reviews 
should describe, discuss, and evaluate the current level of knowledge of 
a topic in clinical practice and should guide future studies. The main text 
should contain Introduction, Clinical and Research Consequences, and 
Conclusion sections. Please check Table 1 for the limitations for Review 
Articles.

Case Reports: There is limited space for case reports in the journal and 
reports on rare cases or conditions that constitute challenges in diagnosis 
and treatment, those offering new therapies or revealing knowledge not 
included in the literature, and interesting and educative case reports are 
accepted for publication. The text should include “Introduction”, “Case 
Presentation”, “Discussion and Conclusion” subheadings. Please check 
Table 1 for the limitations for Case Reports.

Letters to the Editor: This type of manuscript discusses important parts, 
overlooked aspects, or lacking parts of a previously published article. 
Articles on subjects within the scope of the journal that might attract the 
readers’ attention, particularly educative cases, may also be submitted 
in the form of a “Letter to the Editor.” Readers can also present their 
comments on the published manuscripts in the form of a “Letter to the 
Editor.” Abstract, Keywords, and Tables, Figures, Images, and other media 
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ABSTRACT

This is the first meta-analysis evaluating the benefit of adjuvant radiotherapy in older patients (≥65 years) with triple-negative breast cancer (TNBC). The 
medical literature was searched for all randomized controlled trials, nonrandomized controlled trials, and cohort studies with more than one treatment arm 
that evaluated radiation therapy for TNBC in patients aged >65 years. The primary outcome was overall survival. Four cohort studies (2015–2019) were 
eligible for analysis, including a total of 10,710 patients with TNBC of whom 7,209 underwent radiotherapy. Two were large retrospective population-based 
studies that yielded major findings on adjusted multivariable analysis. Patients who underwent radiotherapy (n = 6283/8526) had a significantly better 
5-year overall survival than patients who did not (77% vs. 55%, p<0.001). The addition of radiotherapy (n = 815/1957) was associated with better cancer-
specific survival. Of the two smaller studies, one prospective study reported similar survivability for treatment with breast-conserving surgery, chemotherapy, 
and radiotherapy or mastectomy with radiation, or mastectomy alone, and the other retrospective study found that adding radiotherapy had no effect on 
5-year overall survival. Multivariate analyses of data from the two large retrospective population-based studies suggested that adding radiotherapy to breast-
conserving surgery may improve overall and disease-free survival in elderly patients with TNBC. 

Keywords:  Breast cancer; triple-negative; radiation; elderly

Introduction

Breast cancer is the leading cause of cancer-related death in women 
worldwide. The primary risk factor is advanced age. According to the 
Surveillance, Epidemiology and End Results (SEER) program, the 
median age at breast cancer diagnosis in the United States is 68 years
(1). The proportion of older women with breast cancer is expected 
to grow as technology and medical care continue to improve and life 
expectancy increases accordingly (2). 

Triple-negative breast cancer (TNBC) is a subtype of breast cancer 
in which the tumor cells lack expression of estrogen receptor, 
progesterone receptor, and human epidermal growth factor receptor 2.  

It accounts for 15% of all breast cancers diagnosed, and is less common 
in elderly patients than hormone-receptor-positive breast cancer (3). 
The treatment of breast cancer in general, and TNBC in particular, 
in elderly patients is controversial. According to the National 
Comprehensive Cancer Network guidelines of 2015 “… there are 
limited data to make recommendations for those >70 years of age” 
(4). The problem may be largely due to under-representation of elderly 
patients in clinical trials from which they are often excluded because 
of ageism and comorbidities. Furthermore, as TNBC is unresponsive 
to endocrine treatment, adjuvant treatment options are limited to 
chemotherapy and radiotherapy, and chemotherapy is best avoided in 
the elderly in whom the side effects have a more substantial impact 
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relative to younger patients. The SEER database shows that, among 
patients with node-positive stage I-II TNBC, chemotherapy was 
administered to 80% of those aged 67-69 years and to less than 10% 
of those aged more than 85 years (5). Thus, the decision to initiate 
adjuvant radiotherapy in the older TNBC population is a challenge.

The purpose of this systematic review and meta-analysis was to evaluate 
the benefit of adjuvant radiotherapy to survival in elderly patients with 
TNBC.

Materials and Methods

Search Strategy

A systematic review was conducted and reported in accordance with 
the PRISMA statement. The search was performed without date 
limits during May 2021 using PubMed. Reference lists from key 
trials were manually scanned for additional results. The following 
search criteria were used: (“breast cancer”[MeSH Terms] OR “breast 
cancer”[All Fields] OR “breast carcinoma”[MeSH Terms] OR “breast 
carcinoma”[All Fields]) AND (“triple negative”[MeSH Terms] OR 
“triple negative”[All Fields]) and filters: 65 and over: 65+ years.

Eligibility Criteria

Studies that met the following criteria were included: (1) relevance 
- randomized controlled trials, nonrandomized controlled trials, and 
cohort studies with more than one treatment arm that evaluated 
radiotherapy for the treatment of TNBC; (2) participants - patients 
of both sexes aged 65 years and older with a histological diagnosis of 
TNBC.  Although there is no clear definition of the term “elderly”, we 
defined it as 65 years and older in accordance with other researchers 
(6). We excluded (a) studies not reporting our primary or secondary 
outcomes, and (b) studies not written in English.

Outcome

The primary outcome was overall survival (OS). Secondary outcomes 
were disease-free survival (DFS) and adverse effects. If the primary and 
secondary outcomes were not reported, we considered other endpoints 
with different definitions, such as cancer-specific survival.

Study Selection and Data Extraction

Two reviewers (I.M. and I.S.) independently screened titles and 
abstracts, followed by the full text of potentially eligible studies. One 
reviewer (I.S.) extracted the data onto an electronic form, and the 
other (I.M.) checked the extracted data, including the first author’s 
name, year of publication, number of participants, mean patient age, 
primary vs. recurrent malignancy, stage, chemotherapy status, type of 
surgery and radiotherapy, length of follow-up, overall survival, disease-
free survival, and side effects. Each reviewer independently assessed 
risk for observational studies using the Newcastle-Ottawa scale. Any 
disagreement was resolved by discussion. Further discrepancies were 
resolved by the first author (E.S.).

Statistical Analysis 

The OS rate was pooled using the statistical software package 
Comprehensive Meta-Analysis, version 3.0 (Meta-Analysis@Meta-
Analysis.com, Biostat Inc., Englewood, NJ, USA). Meta-analyses were 
performed with the random effects model of DerSimonian and Laird 
because we expected considerable clinical heterogeneity. Heterogeneity 
was assessed by visually examining the forest plots for non-overlapping 

confidence intervals and by chi-square test, with p<0.05 indicating 
statistical significance and I2 >50% indicating substantial heterogeneity. 

Results  

Characteristics of Studies 

Our search yielded 3167 records (Figure 1). After the exclusion 
process, four cohort studies were found eligible for analysis (7-10). 
They included three retrospective studies and one prospective study 
with a total of 10,710 patients, of whom 7,209 received radiotherapy. 
All four studies were published in peer-reviewed journals between 
2015 and 2019. The largest, by Haque et al. (7) (n = 8526), was based 
on the U.S. National Cancer Database (NCDB), 2004–2014, and the 
second largest (n = 1957), by Zhu et al. (8), was based on the SEER 
database, 2010–2011. The characteristics of the included studies are 
detailed in Table 1.

In all studies, mean patient age was 65-70 years, and all patients were 
female. Across all studies, the majority of patients (≥93%) underwent 
surgery; however, the addition of chemotherapy and radiotherapy and 
the type of radiotherapy delivered varied significantly between studies. 
Three studies provided data on our primary outcome of OS, and one 
study provided data only on cancer-specific survival. 

Risk of Bias

All four cohort studies were designated high quality on risk of bias 
analysis (for further details see Table 1).

Overall Survival 

The largest of the three studies that provided OS data was based on 
the NCDB and included 8526 patients with primary stage I-II TNBC 
who underwent breast-conserving surgery with (n = 6283) or without 
(n = 2243) radiotherapy (7). At a median follow-up of 38 months, 
5-year OS was significantly higher in the patients who received 
radiotherapy than in the patients who did not (77% vs. 55%, p<0.001). 
A higher proportion of the patients who received radiotherapy also 
received chemotherapy (68% vs. 56%). Nevertheless, the results 
remained significant regardless of whether or not chemotherapy was 

Figure 1. Flow chart of selection of studies for meta-analysis



287

Sharon et al. Triple-Negative Breast Cancer

administered and on propensity-matched 
analysis (68% vs. 57%, p<0.001). 

By contrast, a smaller retrospective study 
from China including 66 patients with 
primary stage I-III TNBC (83% I–II, 
17% III) who underwent mostly (86%) 
breast-conserving surgery (9) found that 
the addition of radiotherapy had no effect 
on the 5-year OS or DFS. However, it was 
unclear if the groups treated or not treated 
with radiotherapy were balanced in terms of 
staging, chemotherapy status, and type of 
surgery.

Meta-analysis of these two studies revealed 
that the addition of radiotherapy was 
associated with improved 5-year survival, 
with borderline significance (odds ratio: 
2.26, 95% confidence interval: 0.9–5.71, 
I2=27%) (Figure 2). 

The third study that evaluated OS 
prospectively investigated the outcome of 
breast-conserving surgery, chemotherapy, 
and radiotherapy (n = 22) versus mastectomy 
(n = 99) versus mastectomy and radiotherapy 
(n = 40) in 161 patients with stage I-III 
TNBC (9). Similar survival was reported 
in all three groups on crude and adjusted 
analyses. 

Cancer-Specific Survival

The sole study that investigated cancer-
specific survival was based on SEER data for 
1957 patients with primary stage I–III TNBC 
(8). The majority (93%) underwent either 
mastectomy or breast-conserving surgery 
(Chemotherapy status is unavailable in the 
SEER database). On multivariate adjusted 
analysis, the addition of radiotherapy in 
815 patients was associated with an increase 
in cancer-specific survival during a mean 
follow-up of approximately 24 months.

Discussion and Conclusion

Many studies have recommended omitting 
adjuvant radiotherapy in older women 
with early hormone-receptor-positive breast 
cancer who receive endocrine therapy (11-
14). However, in patients with TNBC, 
especially the 65+ age group, the role of 
adjuvant radiotherapy is still controversial 
(15-20). This is the first meta-analysis 
conducted to date to attempt to answer this 
question.

The two largest of the four studies evaluated, 
by Haque et al. (7) and Zhu et al. (8), were 
based on the NBSD and SEER program data, 
respectively. In both, patients of different Ta
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age groups who were treated or not treated with adjuvant radiation 
were compared for outcome using multivariate analysis. Haque et al. 

(7) concluded that in elderly women with T1-2N0 TNBC, omitting 
adjuvant radiotherapy was associated with a statistically poorer OS, 
regardless of age group, T-stage, or chemotherapy. However, the 
analysis did not correct for performance status and comorbidities. 
Likewise, Zhu et al. (8) suggested that the poor prognosis of elderly 
patients with TNBC might be associated with their lower rate of loco-
regional treatment with surgery and radiation.

It is well recognized that adjuvant radiotherapy reduces the loco-
regional recurrence rate and risk of breast cancer (21-25). The Early 
Breast Cancer Trialists’ Collaborative Group study (21), including 
more than 10,000 women from 17 trials, concluded that adjuvant 
therapy is associated with a nearly 50% reduction in 10-year risk of 
any first recurrence compared with breast-conserving surgery alone. In 
addition, the patients given radiotherapy showed a reduction in 15-year 
risk of death from breast cancer. The improvement in prognosis might 
be even greater for TNBC owing to its association with the BRCA1 
mutation. Several clinical and experimental studies have suggested that 
tumors harboring the BRCA1/BRCA2 mutation are more sensitive to 
radiotherapy (26-28). These findings prompted Trainer et al. (29) to 
suggest that in patients with TNBC, the presence of a BRCA mutation 
may impact the benefit of adjuvant radiotherapy.

The two other studies in our meta-analysis were conducted in Asia 
and included a considerably lower number of patients. Bhoo-Pathy 
et al. (10) found that adjuvant radiotherapy was associated with a 
survival gain in patients with locally advanced TNBC. Among those 
with early TNBC (T1-2, N0-1, and M0), the 5-year relative survival 
rate was highest in patients who underwent mastectomy only, followed 
by patients undergoing breast-conserving surgery and mastectomy 
with radiation. However, we believe conclusions regarding the role of 
adjuvant radiotherapy in early TNBC cannot be drawn on the basis of 
these results because patients treated with mastectomy and radiation 
have a worse prognosis to begin with, regardless of the addition (or 
not) of adjuvant radiotherapy. Therefore, they should not have been 
included in the early breast cancer group. Moreover, the survival gain 
associated with radiotherapy applied only to very young patients with 
TNBC.

The fourth and smallest study analyzed reached an opposite conclusion 
from the others. Qiu et al. (9) found that 5-year DFS and OS were 
significantly higher in the elderly patients even though they received 
significantly less radiotherapy and chemotherapy than the younger 

patients. The authors advised that clinicians take a more conservative 
and cautious approach to the decision to administer postoperative 
adjuvant treatment (radiotherapy, chemotherapy, or both) to elderly 
patients with TNBC.  

Overall, the two larger studies, which were based on databases in the 
U.S. and evaluated the data using multivariate analysis, suggested 
that adjuvant radiotherapy may improve prognosis in elderly patients 
with TNBC. The sole study leading to a contrary conclusion used a 
retrospective design and a substantially smaller patient sample.

The present meta-analysis was limited by the small number of studies 
that met the inclusion criteria and the retrospective design of three of 
them. Moreover, the study population was heterogeneous in terms of 
age, adjuvant chemotherapy, and type of surgery.

This is the first meta-analysis to evaluate the role of adjuvant 
radiotherapy for TNBC in elderly patients (age >65 years). The weight 
of the evidence supports the notion that adjuvant radiotherapy has a 
survival advantage in this age group.
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Key Points

• 	 High mobility group box 1 (HMGB1) expression was mostly associated with prognosis in the most aggressive triple-negative breast cancer group.

•  	 Since the number of triple-negative cases in our series was quite low, we may not have detected a close relationship between HMGB1 expression and
prognosis.

• 	 Understanding HMGB1 expression in breast cancers may lead to new treatment opportunities, particularly in aggressive carcinomas.

ABSTRACT

Objective: High mobility group box 1 (HMGB1) is a nonhistone chromatin-associated protein involved in chromatin remodeling, transcription, DNA 
replication, and repair. The purpose of this study was to assess the relationship between tissue expression of HMGB1, clinical outcomes, and histopathological 
characteristics in patients with breast cancer.

Materials and Methods: The study included 282 patients with breast cancer. An in vitro diagnostic HMGB1 antibody was applied to the slides of 
tumor specimens.

Results: Overexpression of HMGB1 was found in tumor cells of 123 (43.6%) patients. HMGB1 was only expressed in the nucleus in most tumors 
(88.7%), while in 32 (11.3%) tumors HMBG1 expression was cytoplasmic and/or extracellular. Severe inflammatory infiltration of the peritumoral stroma 
was observed in 76 (27%) patients. There was a correlation between remarkable inflammatory cell infiltration in the tumor microenvironment and HMGB1 
overexpression, regardless of the molecular subtype, as well as the extranuclear location of HMGB1 expression (p = 0.023). HMGB1 expression was not 
found to be associated with overall or disease-free survival. However, axillary lymph node metastasis was significantly more common in tumors with intense 
inflammation (p = 0.024).

Conclusion: The proportion of breast cancer patients with HMGB1 expression was lower in the present study than that reported previously. Furthermore, 
we did not detect a relationship between HMGB1 expression and prognosis. However, the relationship between HMGB1 expression and prognosis had been 
previously reported only in aggressive breast cancers. It is suggested that understanding the significance of HMGB1 expression in breast cancer may open 
new treatment opportunities, especially in aggressive and/or triple negative tumors. 

Keywords: Breast cancer; HMGB1 protein; high mobility group box-1; tissue expression
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Introduction

Non-histone nuclear proteins, known as high mobility group box 1 
(HMGB) proteins, perform several important biological tasks in cells 
(1). Members of the HMGB protein family are HMGB1, HMGB2, 
and HMGB3. Only HMGB1 is widely expressed in the nuclei of 
almost all eukaryotic cells, but HMGB2 is mainly expressed in the 
thymus, and testes, and HMGB3 in hematopoietic stem cells. In 

contrast to its limited expression in the testes and lymphoid organs 
of adults, HMGB2 is also highly expressed during embryogenesis (1, 
2). HMGB1 is predominantly expressed in nuclei as it is involved in 
chromatin remodeling, DNA replication, repair, and transcription. In 
immunohistochemical (IHC) studies, the nuclear expression rate of 
HMGB1 was generally reported to be very high. Investigations also 
revealed that following posttranslational changes, such as acetylation, 
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phosphorylation, and methylation, HMGB1 may migrate from 
the nucleus to the cytoplasm. HMGB1 can also be released to the 
extracellular environment in response to hypoxia or chemoradiotherapy, 
primarily through active secretion from immunocompetent cells or 
passive release from necrotic or apoptotic cells. When HMGB1 is 
released into the extracellular space, it acts as a cytokine-like molecule, 
signaling tissue damage and contributing to inflammation (1-3).

Overexpression of HMGB1 has been reported in various types of 
cancers, including breast carcinoma (4). HMGB1 may promote 
tumor progression through various mechanisms. By facilitating DNA 
repair and replication, HMGB1 may facilitate tumor cell survival 
and proliferation. HMGB1 may promote neoangiogenesis, which 
supply the tumor with nutrients and oxygen. In addition, HMBG1 
may modulate the immune response, helping cancer cells evade 
detection and destruction by the immune system. HMGB1 may even 
be involved in tumor cell migration and, therefore, metastasis (1-5). 
High levels of HMGB1 expression in tumors have been associated 
with poor prognosis, higher tumor grade, and increased metastatic 
potential. Given these roles in cancer progression, HMGB1 is being 
explored as a potential therapeutic target. Strategies include blocking 
its extracellular signaling pathways or reducing its expression to inhibit 
tumor growth and spread (6-9).

Breast cancer continues to be a major global health concern for 
women with its high incidence rate. Even while improvements in 
early detection and treatment of breast cancer have somewhat reduced 
its mortality rate, many individuals still die from a range of intricate 
malignant morphologies. Abnormal HMGB1 levels have also been 
previously reported in breast cancer. The clinical use of HMGB1 in the 
detection and treatment of breast cancer has also been demonstrated 
by numerous investigations (5, 6). However, a deeper comprehension 
of dual role of HMGB1 in cancer growth is necessary due to its pro- 
and anti-tumoral properties. More significantly, HMGB1 has a role in 
controlling patients’ response to radiation and chemotherapy for breast 
cancer. The complexity of the association between HMBG1 and the 
development of breast cancer has led to the continuous development 
of novel therapeutic approaches that target HMGB1, including 
the detection of putative inducers of immunogenic cell death and 
combination treatments with immune checkpoint inhibitors (7-10). 
The purpose of this study was to assess the expression of HMGB1 by 
IHC staining in breast cancer tissues and to investigate any correlation 
between HMBG1 expression and clinicopathological traits in breast 
cancer patients.

Materials and Methods

The expression of HMBG1 protein was investigated in tissue samples 
taken from primary breast carcinoma patients who had undergone 
mastectomy or excisional breast biopsy between 2011 and 2018 and 
whose diagnoses were confirmed by IHC analysis of stained slides in 
our hospital’s pathology laboratory. The Local Ethics Committee of 
Buca Seyfi Demirsoy Training and Research Hospital approved this 
project (reference number: 293, date: 29.05.2024). Informed consent 
forms were signed preoperatively by all participating patients. Archival 
slides stained with hematoxylin and eosin (H&E) were reassessed using 
the World Health Organization’s 2012 categorization of breast tumors 
criteria. H&E stained slides were used for IHC analysis in order to 
detect the viable tumor regions and choose suitable paraffin blocks 
for study-specific IHC analysis. The 2-micron diameter paraffined 
cylindrical tissue samples were taken from donor blocks best suited for 

IHC analysis and identified first on the slide and subsequently in the 
block. IHC analysis was then carried out using diluted monoclonal 
rabbit antibodies against HMGB1 (Atlas, ATL-HPA049521, USA) at 
a dilution of 1:500 after several blocks had been created using mapping 
and addressing procedures. Histopathologists, blinded to the patients' 
clinical characteristics, examined the slides, and classified staining 
patterns based on their staining intensities. Diffuse nuclear and/
or cytoplasmic staining of the tumor cells (Figure 1) was considered 
HMGB1 positivity, and the number of positive cells was recorded. 
Furthermore, invasion of the tumor tissue by inflammatory cells that 
were HMBG1-positive was assessed and evidence of any extracellular 
expression of HMGB1 was also investigated (Figure 2). 

Statistical Analysis

SPSS, version 25.0, was used for the statistical analysis (IBM Inc., 
Armonk, NY, USA). The chi-square test was employed to compare 
quantitative data. Non-parametric data were compared using the 
Mann-Whitney U test. The non-parametric Kruskal-Wallis test was 
used to compare the measurements in more than two groups. The 
difference in survival across groups was compared using Kaplan-Meier 
survival analysis. The threshold for statistical significance was set at 
p<0.05.

Results 

There were 282 patients’ samples included in the study with a median 
(range) age of 54 (27–85) years and a mean age of 55.5±12.2 years. 
The mean follow-up period was 48.3±24.1 months. Two hundred and 
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Figure 1. Strong nuclear expression of HMGB1 in tumor cells (DAB 
x 200)

HMGB1: High mobility group box 1; DAB: diaminobenzidine

Figure 2. Note the weaker cytoplasmic HMGB1 expression in tumor 
cells compared to inflammatory cells (DAB x 200)

HMGB1: High mobility group box 1; DAB: diaminobenzidine
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forty-eight (87.9%) patients were alive, but 34 (12.1%) patients had 
died at the time of data analysis. The mean overall survival time was 21 
months, ranging from 1.5 to 79.9 months. The mean tumor diameter 
was 3.4±2.9 cm (0.4–18 cm). Clinical and histopathologic findings of 
the patient are shown in Table 1.

Estrogen receptor-positivity was found in 229 (81.2%) and 
progesterone receptor-positivity in 204 (72.4%) of the 282 patients 
who were part of the study. C-erbB2, which was used to assess human 
epidermal growth factor receptor 2 (HER2)/neu amplification, 
was 1+ or negative in 192 patients (68.1%), and both these groups 
were regarded as HER2-negative. Thirty-three cases (11.7%) were 
HER2-positive by combined IHC-fluorescent in situ hybridization 

examination, and each of them was treated specifically. Every case was 
examined using the Ki-67 proliferation index, with a mean value of 
31.1±24%, ranging from 2–80%. The number of cases with luminal 
A (n = 114; 40.4%), luminal B (n = 112; 39.7%), HER2-positive 
(n = 33: 11.7%), and triple-negative (n = 23; 8.2%) were identified, 
based on the molecular classification. Patients in the various molecular 
groups had mean ages that were relatively similar to one another (p 
= 0.603). The survival time in this series did not differ significantly 
between the molecular subtypes of the malignancies (p = 0.178). A 
few inflammatory cells were identified in the peritumoral stroma of 
almost all tumors. However, there was severe inflammatory infiltration 
in the peritumoral stroma of 76 (27%) tumors. HMBG1 expression 
was confined to the nucleus in 250 (88.7%) tumors. However, 
in 32 (11.3%) tumors, there was nuclear and cytoplasmic and/or 
extracellular expression of HMGB1 (Table 2).

In all cases, there were HMGB1 expressions in the nuclei of tumor 
cells, with a mean proportion 8.84% staining positive, but the 
intensity ranged widely from 1% to 90% of cells. There was no 
significant difference in survival rates and the presence of cytoplasmic/
extracellular HMBG1 or isolated nuclear staining (p = 0.295). The 
mean survival time was 51.1±23.2 months for the patients with a low 
expression rate of HMGB1 (<5%) while the mean survival time was 
44.7±24.7 months for the patients with high HMGB1 expression. 
There was a statistically significant difference in survival time of the 
patients according to the HMGB1 expression rate in tumor cells (p 
= 0.035). 

Discussion and Conclusion 

Breast cancers, like many other cancers, may exhibit IHC expression of 
HMGB1 in both the cytoplasm and the nuclei of breast cancer cells. 
While cytoplasmic and extracellular expressions of HMGB1 has been 
associated with its role in inflammation and the progression of cancer, 
its nuclear localization is related to its role in DNA-related functions. 
Moreover, research has demonstrated that, in contrast to normal 
breast tissue, HMGB1 is overexpressed in breast cancer tissues (11). 
Expression level of HMGB1 varies according to subtype, and stage 
of breast cancer. Aggressive phenotypes of breast cancer have been 
linked to higher levels of HMGB1 expression. For instance, HMGB1 
is frequently overexpressed in cases of triple-negative breast cancers 
(TNBC), which are notorious for their poor prognosis and lack of 
targeted treatment modalities (11). Furthermore, it has been found 
that in individuals with breast cancer, HMGB1 overexpression is 
linked to a lower overall and disease-free survival rates. Thus, HMGB1 
is thought to be a possible prognostic indicator, particularly for patients 
with more aggressive types of breast cancer. Since HMGB1 protein 
is secreted extracellularly or translocated to the cytoplasm, nuclear 
HMGB1 expression may be significantly reduced in more aggressive 
tumors, such as some types of colorectal cancer, gastric cancer, and 
advanced breast cancer, particularly TNBC. Although 40–70% of 
tumor cells may demonstrate nuclear expression of HMGB1, the other 
cells may exhibit extracellular or cytoplasmic HMGB1 expression. 
In contrast to earlier studies, in the present study, the highest mean 
nuclear HMGB1 expression rate was noted in patients with luminal 
A-subtype tumors, while the mean HMGB1 expression rates in 
the other three subtypes were similar. Furthermore, no significant 
correlation was found between the molecular subtype and the presence 
of cytoplasmic or extracellular HMGB1 expression (2, 11-13).

It was previously demonstrated that HMGB1 also plays an important 
role in mediating immunoregulatory functions. For instance, 

Table 1. Clinical and histopathologic data

n %

Survival
Survived 248 87.9

Exited 34 12.1

Tumor location 

Right breast 134 47.6

Left breast 148 52.4

Bilateral - -

Diagnosis 

IDC 200 70.9

ILC 18 6.4

IPC 7 2.5

IDC with dominant 
in situ component 33 11.7

Other histologic 
variants

24 8.5

Grade

Grade 1 20 7.1

Grade 2 141 50

Grade 3 121 42.9

Pathologic T-stage

pT1 115 41

pT2 120 42.4

pT3 34 12.1

pT4 13 4.5

In situ component Yes 182 64.5

Type of in situ 
component (if any)

Comedo 26 14.2

Non-comedo 76 41.8

Mixed 80 44.0

Lymph node metastasis Yes 112 39.7

Capsular invasion in the 
lymph node

Yes 79 70.5

Multifocality Multifocal 22 7.8

Nipple involvement Yes 20 7.1

Dermal/epidermal 
invasion

Yes 22 7.8

Lymphovascular 
invasion

Yes 102 36.2

Perineural invasion Yes 71 25.2

IDC: Invasive ductal carcinoma; ILC: Invasive lobular carcinoma; IPC: 
Invasive papillary carcinoma 
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extracellular HMGB1 modulates the immune response by acting as 
a damage-associated molecular pattern molecule. It can produce an 
immunosuppressive tumor microenvironment, which helps cancer cells 
evade the immune system. In the present study, there was a significant 
relationship between prominent inflammatory cell infiltration in 
the tumor microenvironment, regardless of the molecular subtype, 
and extranuclear location of HMGB1 expression (p = 0.023). This 
appears to be further evidence of the hypothesis that extracellular or 
cytoplasmic expressions of HMGB1 is associated with the immune 
response (2, 13).

One of molecular functions HMGB1 in breast cancer is to enhance 
tumor cell survival by encouraging DNA repair, shielding cancer cells 
from the genotoxic stress that is often brought on by treatments like 
radiotherapy and chemotherapy. HMGB1 also promotes cell invasion 
and migration, which facilitates the metastatic process. In addition, 
it contributes to the epithelial-mesenchymal transition, a crucial step 
in the spread of cancer (14-19). In the present study, no relationship 
was found between HMGB1 protein expression and metastasis 
according to different cut-off values. However, axillary lymph node 
metastasis was seen at a significantly higher rate in tumors with intense 
inflammation (p = 0.024). Similarly, higher extranuclear HMGB1 
expression rates were found in tumors with intense inflammation, 
but without any difference when compared with other breast tumor 
subtypes (p = 0.194).

HMGB1 has emerged as a possible therapeutic target because of its 
roles in cancer biology. Therapies could target HMBG1 directly or 
indirectly through signaling pathways, like the receptor for advanced 
glycation end products and toll-like receptor 4. Inhibiting HMGB1 
may slow the growth of tumors and improve the efficacy of current 
therapies. By weakening HMGB1-mediated resistance mechanisms, 
HMGB1 inhibitors may be used in conjunction with traditional 
treatments such as immunotherapy, radiotherapy, or chemotherapy so 
as to increase their effectiveness. A growing amount of data points to 
a connection between the emergence of several cancers and HMGB1 

overexpression. For example, in vitro research using gastric cancer cell 
lines showed that elevated HMGB1 levels were associated with cell 
metastasis (11). In addition, when HMGB1 was inhibited in vivo 
using short hairpin RNA, the NF-κB pathway was used to inhibit 
the proliferation and invasion of gastric cancer cells, indicating that 
HMGB1 may be a therapeutic biomarker for the disease. Similarly, 
HMGB1 expression was inhibited by downregulating the PI3k/Akt 
signaling pathway, which stopped xenograft tumor development 
and the proliferation and spread of hepatocellular carcinoma cells. 
Furthermore, inhibition of HMGB1 expression led to downstream 
activation of AKT signaling and a notable decrease in the growth of 
VCP-mediated hepatocellular carcinoma, indicating that it is a useful 
therapeutic target for focused intervention and enhanced cancer 
patient survival. Similarly, HMGB1 downregulation was related with 
the suppression of in vivo and in vitro development and metastasis of 
lung, hepatocellular, and prostate cancer cells (11, 12, 16-19). 

In summary, among 282 cases of breast cancer lower overall HMGB1 
expression rates were found, compared to previous studies. We suggest 
that this may have been due to the primary antibody we used in our 
study. Similarly, we did not detect a relationship between isolated 
nuclear or extranuclear expression of HMGB1 and prognosis. 
However, in previous studies, the HMGB1 expression was mostly 
associated with prognosis in the most aggressive TNBC group. Since 
the number of TNBC cases in our series was quite low, we may not 
have been able to detect any relationship between HMGB1 expression 
and prognosis. The role of HMGB1 expression in breast cancer should 
be fully elucidated through further larger studies. Given its apparent 
role in particularly aggressive breast cancer and the possible therapeutic 
target role for HMGB1, this research is required as quickly as possible 
as it may improve outcomes for some of the most severe forms of breast 
cancer.
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Table 2. Immunohistochemical and molecular findings

Parameters n %

ER status Positive 229 81.2

PR status Positive 204 72.4

C-erbB-2 expression

(according to ASCO/CAP 2013 criteria)

Negative or 1+

2+

3+

192

51

39

68.1

18.1

13.8

HER2 amplification

(FISH method)

Positive

Negative

29

23

10.3

8.2

Molecular subtypes

Luminal A

Luminal B

HER2-positive

Triple-negative (basal-like)

114

112

33

23

40.4

39.7

11.7

8.2

HMBG1 expression  
Nuclear

Cytoplasmic/extracellular

250

32

88.7

11.3

Severe inflammation 
Yes

No

76

206

27

73

ER: Estrogen receptor; PR: Progesterone receptor; FISH: Fluorescent in situ hybridization; ASCO/CAP: American Society of Clinical Oncology/College of 
American Pathologists; HER2: Human epidermal growth factor receptor 2
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Key Points

• 	 Breast cancer susceptibility gene (BRCA)1/BRCA2 sequence data was retrospectively analysed to reclassify BRCA1/2 variants of unknown significance
(VUS) in Turkish patients with breast, ovarian, and prostate cancers for improved clinical decision-making.

• 	 Retrospective analysis of BRCA1/2 sequencing data from 2,713 patients using American College of Medical Genetics guidelines, Evidence-based
Network for the Interpretation of Germline Mutant Alleles rules, and public genomic databases.

• 	 VUS reclassification is crucial for accurate BRCA1/2 variant interpretation, impacting treatment, surgical planning, and genetic counseling.

Introduction

Breast cancer susceptibility gene 1 (BRCA1) and breast cancer 
susceptibility gene 2 (BRCA2) are tumor suppressor genes that are 
involved in DNA repair, cell cycle regulation, and genome stability (1). 
Germline BRCA1/2 gene mutations are associated with an increased 
risk of breast, ovarian, prostate, and several other cancers. BRCA1/2 
sequencing is increasingly being used to determine the therapeutic 
options, both preventive surgery in breast and ovarian cancers and 
medical treatments with poly (ADP) ribose polymerase inhibitors 

(PARPi) in breast, ovarian, prostate, and pancreatic cancers (1-3). 
Germline BRCA1/2 variants may be classified into “pathogenic (P)”, 
“likely pathogenic (LP)”, “variant of unknown clinical significance 
(VUS)”, “likely benign (LB)”, or “benign (B)” (4, 5). Cases with P 
and LP variants will benefit from targeted treatment (surgery or 
chemotherapy) (1, 2). However, patients with B, LB, and VUS 
variants should have their treatment plans organized similarly to those 
who do not have P or LP variants. Diagnosing BRCA1/2 PV guides the 
planning of effective surgery and chemotherapy, patient follow-up, and 
the consideration of prophylactic surgical options for asymptomatic 
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Objective: Accurate classification of breast cancer susceptibility gene (BRCA)1/2 variants is important to delineate candidates for surgical or medical 
treatment. We retrospectively analyzed BRCA1/BRCA2 sequencing data and reclassified the BRCA1/2 variants of unknown significance (VUS) in Turkish 
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context of American College of Medical Genetics guidelines, the Evidence-based Network for the Interpretation of Germline Mutant Alleles BRCA1/2 
classification rules, and current public genomic databases.
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individuals (2, 6). With the increased use of targeted therapy with 
PARPi in the treatment of BRCA-positive cancers, the accurate 
classification of BRCA gene variants guides treatment planning. Over 
the years, the improvement in next-generation sequencing (NGS) 
technology has led to an increase in the use of BRCA1/2 testing and, 
consequently, reports of VUS variants. With the expanded use of NGS 
and BRCA1/2 testing, the detection of VUS has become increasingly 
frequent. BRCA1/2 VUS are a significant challenge for molecular 
genetic testing in specific breast, prostate, and ovarian cancers (7, 8). 
The rate of detection for VUS of BRCA was reported as 10–20% in 
women who were tested for BRCA variants (9).

Several guidelines and bioinformatic tools have been used to diminish 
the challenges in classifying BRCA variants (4, 5). Multiple guidelines 
and bioinformatic tools have been developed to address the challenges 
of variant interpretation. Among these guidelines, the American 
College of Medical Genetics and Genomics (ACMG) guidelines [the 
Association for Molecular Pathology (AMP)/ACMG 2015] are widely 
recognized as a reliable variant interpretation system (5). However, 
due to gene-specific complexities, more tailored approaches have 
been required to eliminate uncertainties. For this purpose, the current 
guideline provides detailed, BRCA-specific instructions to support 
variant curation and address discrepancies and uncertainties in variant 
classification. Variant classification of BRCA1 and BRCA2 genes 
depends on the current Evidence-based Network for the Interpretation 
of Germline Mutant Alleles (ENIGMA) consortium classification (5).

In this retrospective study, previously reported BRCA1 and BRCA2 
VUS were reinterpreted according to the 2015 ACMG guidelines, 
the ENIGMA BRCA1/2 classification rules, and current public 
genomic databases. This study aimed to investigate changes in BRCA 
variant classification over time and thus highlight the importance of 
reanalyzing VUS variants in light of changing genetic data for clinical 
decision-making and patient management.

Materials and Methods

Study Population

Sequence data (January 2018 to August 2023) of a total of 2,713 
patients with breast and ovarian cancer, prostate cancer, or pancreatic 
tumors who were referred to the “Mikrogen Genetic Diagnosis Center” 
for BRCA1/BRCA2 sequencing were retrospectively analyzed (Figure 
1). This study was approved by the Yüksek İhtisas University Medical 
School Ethical Committee (approval number: 296, date: 14.04.2025). 

BRCA1/2 Sequencing

QIAamp DNA Blood Kit (QIAGEN, Aarhus, Denmark) was used to 
isolate DNA from blood samples. NGS of BRCA1 and BRCA2 genes 
was performed on an Illumina MiSeq sequencing platform (Illumina 
Inc., San Diego, CA, USA) using primers covering exon/exon-intron 
junctions in the BRCA1/BRCA2 genes with the Qiaseq targeted DNA 
panel (DHS-102Z-96) according to the manufacturer’s instructions. 
NGS achieved a minimum 20x read depth for >98% of targeted bases. 
The human genome Hg19 sequence was used as a reference to identify 
genetic variants. FASTQ, BAM, and VCF files were obtained. The 
bioinformatic analysis of VCF files was performed using NextGene 
(SoftGenetics, State College, PA, USA), Geneticist Assistant 
(SoftGenetics), and Franklin Genoox (Genoox, Israel). Variant 
annotation and filtering were conducted using a comprehensive set 
of public databases, including ClinVar, the Human Gene Mutation 
Database, and dbSNP, as well as population frequency datasets such as 

the Exome Aggregation Consortium, Genome Aggregation Database 
(gnomAD), Turkish Variome and the 1000 Genomes Project. 
Functional predictions were assessed using in silico tools, including 
PolyPhen-2, SIFT, MutationAssessor, and SpliceAI (Figure 2).

Variant Classification

All the BRCA1/2 variants were reclassified in the context of the 
specific ACMG/AMP guideline for BRCA1/2 variant classification 
(6, 7). This guideline uses ACMG/AMP variant classification criteria 
and contains additional specific updates for variant interpretation of 
BRCA1/2 genes. Variant classification of BRCA1/2 gene variants was 
made according to two main criteria. PV are weighted as very strong, 
strong, moderate, or supporting (PVS1, PS1–4, PM1–6, PP1–5), and 
benign variants are defined as standalone, strong, or supporting (BA1, 
BS1–4, BP1–6). The detected variants were classified as “P”, “LP”, 
“VUS”, “LB”, or “B” according to specific ACMG/AMP guidelines 
for BRCA1/2 variant classification criteria.

Statistical Analysis

Chi-square tests were used to compare reclassification patterns between 
BRCA1 and BRCA2. We assessed whether the overall reclassification 
rates and the distribution of reclassification types (P/LP vs. B/LB) 

Figure 1. The number of reported patients and the VUS 
reclassification flow chart

VUS: Variant of unknown significance; ACMG: American College of 
Medical Genetics; AMP: Association for Molecular Pathology; BRCA: 
Breast cancer susceptibility gene 

Figure 2. BRCA1/BRCA2 variant reclassification workflow

ACMG: American College of Medical Genetics; AMP: Association 
for Molecular Pathology; BRCA: Breast cancer susceptibility gene; 
HGMD: Human Gene Mutation Database; ExAC: Exome Aggregation 
Consortium; gnomAD: Genome Aggregation Database
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differed significantly between the two genes. All statistical tests were 
analyzed with a significance level of p<0.05. Analyses were conducted 
using SPSS for Windows, version 29.0 (IBM Corp., Armonk, NY, 
USA).

Results

The BRCA1/BRCA2 sequence data of 2,713 patients were 
retrospectively analyzed regardless of cancer type. Among these, 254 
(9.36%) harbored a total of 264 had BRCA1 or BRCA2 variants 
(Figure 1). On the initial analysis, 5.7% (154/2713) with BRCA1 or 
BRCA2 variants had P and LP variants, while 3.7% (100/2713) had 
VUS variants. The majority of the 2,713 patients (90.6%; n = 2459) 
had no variant or only B/LB variants.

Among the patients with BRCA1/BRCA2 variants, 51.1% (130/254) 
PV, 9.4% (24/254) had LP, and 39.3% (100/254) VUS. Ten patients 
were carriers of multiple VUSs (two BRCA2 VUS n = 6; two BRCA1 
VUS n = 3; and one patient had one BRCA1 and one BRCA2 VUS). 
For the 119 BRCA1 variants, 68% (n = 81) were PV, 7.5% (n = 9) 
were LP, and 24.5% (n = 29) were VUS. Similarly, for the 145 BRCA2 
variants, 33.7% (n = 49) were PV, 10.3% (n = 15) were LP, and 55.8% 
(n = 81) were VUS. The type of variants were: 105 (39.7%) missense; 
97 (36.7%) frameshift; 42 (15.9%) non-sense; 9 (3.4%) splice site; 5 
(1.8%) intronic; 4 (1.5%) stop gain; and 2 (0.7%) in-frame deletions.

Reclassification of BRCA1/2 Variants 

The 110 BRCA1 and BRCA2 VUS variants were reanalyzed, 
comprising 105 missense, two stop-gain, two in-frame deletions, and 
one intronic variant. In total, 22 (20%) were reclassified, with 40.9% 
(9/22) reclassified as P/LP, and 59.1% (13/22) as B/ LB. The BRCA1 
VUS rate dropped from 24.3% (29/119) to 17.6% (21/119). Among 
the reclassified variants, the status of 50% (4/8) of the BRCA1 VUS 
variants changed to B or LB, and 50% (4/8) of them changed to P or 
LP. The frequencies of the specific BRCA2 VUS changed from 56.2% 
(81/145) to 40.9% (59/144). The status of 64.2% (9/14) of BRCA2 
VUS variants changed to B or LB, and 35.7% (5/14) of them changed 
to P or LP. The VUS classification of 80% (88/110) of the BRCA1/2 
VUS did not change (Table 1).

The reclassification rate between BRCA1 and BRCA2 was not different 
(p = 0.358). Similarly, the distribution of reclassification types (P/
LP vs. B/LB) did not differ significantly between the two genes (p = 
0.838). We calculated a 95% Wilson score confidence interval based 
on 22 reclassified variants out of 110 to estimate the reclassification 
rate. The resulting confidence interval ranged 13.6% to 28.4%.

Discussion and Conclusion

Identifying PV in BRCA1/2 is essential when managing breast, ovarian, 
and prostate cancers, particularly regarding follow-up and treatment 
selection (10). As BRCA1/2 testing becomes increasingly integrated 
into routine clinical practice, the frequency of VUS findings has also 
risen. The increasing presence of VUS variants complicates patient 
counseling and clinical management, so genetic experts strongly 
recommend reclassification to resolve these uncertainties. Updates in 
databases, the development of bioinformatics solutions, and functional 
studies increase the likelihood of identifying the pathogenicity of VUS 
variants. The reclassification of VUS variants is important in genetic 
diagnosis and is recommended by genetic experts. Several previous 
studies have reported that the rates of BRCA1/2 PV were about 6–15% 

(11, 12). Several studies have reported BRCA1/2 variant prevalence in 
the Turkish population. Celik Demirbas et al. (13) found P BRCA1 
and BRCA2 variants in 7.8% and 5.4% of 3,184 hereditary breast 
and ovarian cancer (HBOC) patients, respectively. Bahsi and Erdem 
(14) reported 9.4% P, 0.3% LP, and 6.4% VUS variants among 1,419 
patients with HBOC. Boga et al. (15) found 9.9% P and 5.7% VUS 
rates in Turkish HBOC patients.

In our cohort, the initial detection rate of BRCA1/2 PV was 5.4%, 
but after the reclassification of VUS variants, the rate of PV increased 
to 6%, which is similar to the results of Zang et al. (16) (6%). In the 
current study, the BRCA1/2 VUS dropped from 3.6% to 2.8% after 
reclassification, which aligns with previous reports. Several studies have 
reported a range of VUS rates for BRCA variants (3.9–22.5%) (17-20), 
and our VUS rate is consistent with the previous studies. Zanti et al. 
(21) reported the VUS rate as 23.4% for BRCA1 and BRCA2 genes 
in a case-control evidence study from 11,227 BRCA1 and BRCA2 
variants (2025) in 96,691 female breast cancer cases and 303,925 
healthy controls. VUS rates have ranged from study to study due to 
the types of cancers included in the study, the size of the cohort, and 
the bioinformatics tools and databases used during the years the study 
was reported. The majority of the previous studies have been reported 
from breast cancer cases. Our cohort consisted mainly of breast cancer 
patients but also included ovarian and prostate cancer patients.

The current study’s rate of VUS reclassification (20%) is very similar to 
previous reports [Mighton et al. (18), 14.7%; Benet-Pagès et al. (22), 
20%; Innella et al. (23), (20%). Our rate of VUS reclassification is 
higher than the rates reported by both Mersch et al. (24) (7.7%) and 
Macklin et al. (25) (11.3%). Several studies reported that most of the 
reclassified VUSs were downgraded, which is similar to our results; 
however, the frequency of VUSs reclassified to P is nearly the same as 
the frequency of VUSs reclassified to benign in our cohort (17, 18, 
22, 23). There is a lack of sufficient studies on the reclassification of 
BRCA1 and BRCA2 VUS variants in the Turkish population. Özdemir 
et al. (26) reclassified variants identified in 26 genes, including BRCA1 
and BRCA2, in a cohort of 137 cancer patients. In this study, 33.6% 
of the variants initially classified as VUS were downgraded, while 
20.83% were upgraded. However, the results are not specific to the 
reclassification of BRCA1 and BRCA2 VUS variants; they also include 
the reclassification outcomes of VUS variants in the other 26 genes.

Genetic authorities recommend a periodic reassessment of VUS 
variants to avoid uncertainty in clinical decision-making. The periodic 
re-evaluation of VUSs is recommended in clinical practice; however, 
no specific time interval has been reported regarding how often 
reevaluation should be performed. The recommended time interval for 
periodic reassessment of VUS variants changes among several studies 
(23, 27). AMP guidelines suggest that reassessing VUS variants every 
two years may be enough to show the changes in classifications (27). 
Although guidelines recommend re-evaluating VUS variants every 
two years, this period may be shorter in cases of earlier than expected 
recurrence, metastasis, or aggressive tumour progression. Indeed, in 
our study, we identified cases whose classification changed in <3 years 
(Table 1). Mighton et al. (18) reported that two years is an ideal time 
interval for the reclassification of BRCA1/2 VUS variants. Innella et 
al. (23) reported that the average time from the initial classification of 
VUS variants to reclassification was 49.4 months for BRCA1/2 variants. 
Nevertheless, they recommended 3 years for periodic reassessment of 
VUS variants. The present study’s mean duration between the initial 
VUS report and the first reclassification was 33.7 months. 
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Table 1. Reclassification of variants of unknown significance in BRCA1/2 genes

Patient 
no

Gene Variant/dbSNP number Initial 
classification

Clinical 
significance 
(Clinvar)

Type of 
evidence

ACMG/AMP 
reclassification

Time between 
initial 
classification 
and first 
reclassification

1
BRCA2
NM_000059.4

c.9857T>A 
rs398122624

VUS LB BP4, BP6 LB 13 months

2 BRCA2
c.632-4_632-3del
rs431825341

VUS VUS PVS1, PM2 LP Recent study

3 BRCA2 c.8249_8251delAGA rs80359703 VUS VUS PM1, PM2, 
PM4 LP Recent study

4 BRCA2
c.1232T>C 
rs79597821

VUS LB BP1, BP3 
BP4, PM2 LB 36 months

5 BRCA2
 c.8452G>A 
rs80359094

VUS LP
PM1, PP3, 
PM2, PP5

LB 38 months

6 BRCA2 c.10095delCinsGAATTATATCT 
rs276174803 VUS LP PVS1, PM2, 

BP6 LP 23 months

7 BRCA2
c.9934A>G 
rs80359254 

VUS LB BP4, BP6, 
PM2 LB 48 months

8 BRCA2
c.516G>T 
rs80359790

VUS LP
PP3, PP5,
PM2

LP 38 months

9 BRCA2
c.8524C>T 
rs80359104

VUS LP
PP3, PP5,
PM2

LP 68 months

10 BRCA2
c.9257G>C 
rs574271678

VUS LB
BS2, BP6,
PM2

LB 65 months

11 BRCA2
c.6080G>A 
rs431825337 

VUS LB
BP4, BP6,
PM2

LB 50 months

12 BRCA2
c.3318C>G
rs129855035 

VUS LB
BP4, BP6,
PM2

LB 28 months

13 BRCA2
c.1232T>C 
rs79597821

VUS LB BP6, PM2 LB 47 months

14 BRCA2
c.8452G>A
rs80359094

VUS LB
BP6, PM2,
PM5

LB 33 months

15 BRCA1
c.4986+5G>A
 rs397509211 

VUS P
PS3, PS4,
PM2

P 48 months

16 BRCA1
c.3082C>T 
rs80357049

VUS B
BS3, BP5,
BS2

B 54 months

17 BRCA1
c.5236C>A
rs80357146 

VUS LP
PM1, PM2,
PM5

LP 9 months

18 BRCA1
c.53T>A
rs80356929

VUS P
PS3, PS4,
PM2, PM5

P 39 months

19 BRCA1
c.754C>T
rs273902786

VUS LB
BS3, BP6,
PM2

LB 24 months

20 BRCA1
c.4418T>C
rs374519494

VUS LB
BP1, BP4,
PM2

LB 12 months

21 BRCA1
c.1703C>T 
rs80356910 

VUS LB BP6, PM2 LB 12 months

22 BRCA1
c.5321G>C
rs397509246

VUS P
PS3, PS4,
PM2

P 58 months

ACMG: American College of Medical Genetics; AMP: Association for Molecular Pathology; VUS: Variant of unknown significance; P: Pathogenic; LP: Likely pathogenic; LB: 
Likely benign; B: Benign; PM: Pathogenic moderate evidence; BP: Benign supporting evidence; PS: Pathogenic strong evidence; BS: Benign Strong evidence

http://www.ncbi.nlm.nih.gov/snp/rs276174803
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Two of the reclassified variants are still reported as VUS by ClinVar 
but based on updates to databases and guidelines in this study, 
these variants were reclassified as LP. Some potential P or PV may 
be classified as VUS, according to the ClinVar database. ClinVar 
provides a broad collection of data on genetic variants, and this data 
is based on reports from different laboratories and research studies, 
which can sometimes lead to conflicting classifications. For example, 
The BRCA2 c.632-3_632-2del(rs431825341) variant was found in 
one female patient with breast cancer (invasive ductal carcinoma). It 
was previously classified as VUS in our cohort and is still reported 
as VUS in the ClinVar database. After reclassification, it is upgraded 
to LP according to BRCA1/2-specific ACMG/AMP criteria. The 
frequency of this variant is extremely low in all databases (gnomAD 
(Genome); 0.0007%, gnomAD (Exome); very rare, 1000 Genomes; 
no observation); therefore, it was assigned as PM2 according to 
population data. The effect of a variant on protein is defined as 
loss of function due to a null variant (intronic within ±2 of a splice 
site) in the gene BRCA2, and it is assigned to PVS1. The BRCA2 
c.8249_8251del(rs80359703) variant was found in one female patient 
with breast cancer. The frequency of this variant is also extremely low 
in all databases [gnomAD (Genome); 0.0007%, gnomAD (Exome); 
0%, 1000 Genomes; no observation], so it was assigned as PM2 
according to population data. Protein coding length changes because 
of an in-frame variant in gene BRCA2, so it was assigned as PM4.

Over time, as the data entered into databases has increased, and more 
information has accumulated, the VUS rate in BRCA1 and BRCA2 
decreased from around 13% to 2%, but VUS rates for non-BRCA genes 
are still reported as higher (20–40%) (8). The current study’s BRCA1/2 
VUS rate was 3.6% before reclassification, and after reclassification, 
the VUS rate was revised to 2.8%.

Genetic counseling of BRCA VUS variants is one of the critical problems 
in the clinical management of cancer patients. BRCA VUS diagnosis 
causes high anxiety in both cancer and non-cancer patients (7). Limited 
studies have reported about the impact of VUS variants in the clinical 
management of patients with BRCA1/2 VUS variants (8, 28, 29). Culver 
et al. (28) reported similar mastectomy rates in patients with VUS variants 
and BRCA-negative patients, but BRCA-negative patients have higher 
anxiety compared to patients with VUS variants. Welsh et al. (8) reported 
that the patients with BRCA1/2 VUS variants had higher prophylactic 
mastectomy rates compared to BRCA-negative and untested patients 
(33% vs. 25%). Still, rates are lower than those of patients with BRCA P 
mutations (33% vs. 83%). Morgan et al. (30) reported a similar rate of 
prophylactic mastectomy among breast cancer cases with P BRCA1/2 and 
VUS variants. In Morgan’s study, VUS cases without breast cancer did 
not choose prophylactic mastectomy. VUS results can be confusing for 
patients and physicians and can cause difficulties in providing accurate 
information to the patient. In a study conducted among breast cancer 
specialists, most physicians (71%) had difficulty interpreting VUS reports, 
and 39% stated that they did not know how to provide counseling (28). 
Therefore, due to the problems in counseling, interpretation of clinical 
effects, and planning of patient treatment in patients with VUS variants, 
re-evaluation of VUS variants is essential for accurate interpretation and 
access to clinical geneticists would also be helpful.

Study Limitations

The current study has some limitations. The result of the study 
presents a limited study population from one center and one ethnic 
group. However, the variant reclassification is made according to 
databases that mainly include European population data. There is no 

information about the presence of mutations in non-BRCA genes, 
and this is also another limitation of the study. Patients with VUS 
variants may have P/LP variants in non-BRCA genes. Based on some 
limitations of the current study, further studies are needed and should 
include a large study population and information about non-BRCA 
genes.

Improvements in bioinformatic tools and database updates may 
eventually diminish the reclassification rates. The current guidelines 
recommend reporting the BRCA1/2 VUS variants; however, none 
recommend making clinical decisions according to VUS results. VUS 
reclassification will be necessary in the clinical management of the 
disease. Most VUS variants are downgraded after initial classification, 
preventing the patients from unnecessary surgery, therapy, and 
misdiagnosis. The upgraded VUS variants will facilitate surgical 
decisions, targeted therapy options, reproductive decision-making, 
and predictive at-risk family member screening.

In conclusion, this study demonstrates that the BRCA1/2-specific 
ACMG/AMP classification guidelines and current databases can 
be effectively used for VUS re-classification. VUS reclassification is 
important to avoid unnecessary treatment and to provide accurate 
risk management. This study supports the utility of BRCA-specific 
ACMG/AMP guidelines and updated genomic databases in improving 
the clinical utility of genetic testing.
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Key Points

•	 The aim of study was investigate the accosiation of reciving dose axillary-lateral thoracic vessel juncture and breast cancer related lymphedema.

•	 Patients were treated whole breast radiotherapy/chestwall radiotherapy and regional nodal radiotherapy were evaluated retrospectively.

•	 The dose axillary-lateral thoracic vessel juncture region was not detected significant factor for the development of breast cancer-related lymphedema.

ABSTRACT

Objective: Regional nodal irradiation (RNI) is one of the main causes of breast cancer-related lymphedema (BCRL). However, studies on the relationship 
between the radiation dose to the axillary-lateral thoracic vessel juncture (ALTJ) region and BCRL have reported conflicting results. Based on these findings, 
we aimed to evaluate the clinical relevance of the dose to the ALTJ region in our patient cohort.

Materials and Methods: Patients diagnosed with breast cancer and who were treated at Koç University Hospital between 2016 and 2022 and received 
RNI were included. BCRL was defined as a difference in arm circumference between the ipsilateral and contralateral limb >2.5 cm at any single encounter 
or ≥2 cm on ≥2 visits. ALTJ was retrospectively contoured, and doses were recorded as equivalent dose (α/β = 3).

Results: Of the 129 patients (median age 49 years) who met the inclusion criteria, 12 (9.3%) had lymphedema. Two-thirds of the patients (66.7%) were 
stage II, and one-third (33.3%) were stage III. The median follow-up was 22 months. The median (range) ALTJ Dmean dose was 18.11 (1.87–50) Gy, the 
median ALTJ Dmax was 44.53 (12.8–71.1) Gy, and the median ALTJ V35 was 38% (1–100%). No significant association was determined between ALTJ 
parameters and BCRL.

Conclusion: There is insufficient data to define ALTJ as an OAR for decreasing BCRL risk. It is not appropriate to define dose and target based on ALTJ. 
Prospective studies with larger patient populations are needed to clarify the relationship between ALTJ and lymphedema.

Keywords: Breast cancer; lymphedema; radiotherapy

Introduction

Breast cancer-related lymphedema (BCRL) is a common and significant 
complication following breast cancer treatment. A meta-analysis of 84 
cohort studies, including 58,358 patients, found the pooled incidence 
of lymphedema to be 21.9%, indicating that approximately one in 
five breast cancer survivors developed BCRL as a consequence of 
multimodal treatment (1).

The lymphedema in randomized studies evaluating the oncological 
results of axillary lymph node dissection (ALND) and sentinel lymph 
node biopsy (SLNB) showed that the risk of lymphedema in the 

SLNB group was between 7–11%, where this rate increases to 14–
23% in patients who underwent ALND (2, 3). In a more recent meta-
analysis of studies comparing SLNB and ALND, the prevalence of 
lymphedema was 13.7% and 24.2%, respectively (4).

There is a well-established relationship between radiotherapy and 
lymphedema. Specifically, the risk of lymphedema is significantly 
higher in breast cancer patients who receive regional nodal irradiation 
(RNI) compared to those who undergo whole-breast irradiation alone. 
This risk is more significant in patients who receive RNI following 
ALND, underlying the additive impact of these treatments on the 
lymphatic system (5). 
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The axillary-lateral thoracic vessel juncture (ALTJ) area has been 
identified as a structure at risk for lymphedema in patients who have 
undergone lymphatic irradiation in the last five years (6-8). Notably, 
the three studies advocating for recognizing ALTJ as an “organ at risk” 
(OAR) have published different dosimetric parameters significantly 
associated with lymphedema risk. Besides that, the latest study by 
Healy et al. (9) failed to find clinically meaningful importance of the 
ALTJ as an OAR. This topic remains an open question in the literature, 
warranting further research and discussion. Therefore, we aimed to 
assess the controversial relationship between ALTJ and BCRL through 
a retrospective analysis of our patient cohort.

Materials and Methods

Patients Selection

Patients diagnosed with breast cancer who were treated at Koç 
University Hospital between 2016 and 2022 and received whole breast 
radiotherapy/chest wall radiotherapy and regional nodal radiotherapy 
were evaluated retrospectively. The study population included patients 
presenting with lymph node positivity and/or tumors classified as 
T3 or T4 according to the TNM staging system. Patients who had 
complete arm measurement information for lymphedema monitoring 
and had at least one year follow-up were included in the study. Patients 
who presented with lymphedema either prior to radiotherapy or at the 
time of their initial clinical diagnosis were excluded from the study to 
avoid confounding factors related to pre-existing disease. In addition, 
patients who developed local, regional, or distant metastases during 
the follow-up period were excluded, as metastatic progression and 
its associated treatments could independently influence the risk of 
lymphedema. Furthermore, patients for whom radiotherapy treatment 
planning data were unavailable were also excluded to ensure the 
accuracy and consistency of the dosimetric analysis. Patients who used 
adjuvant capecitabine, immunotherapy, or CDK4i during radiotherapy 
were excluded from the study as the effect of new chemotherapy agents 
on lymphedema is unknown.

Treatment Protocol

All patients were simulated with a Siemens 4DCT scan and a 1.25 mm 
slice thickness. All patients were immobilized with arms upsided and 
customized vac-lac. The conventional (50 Gy/25 fr) or hypofraction 
schema (42.56 Gy/16 fr) were used for adjuvant radiotherapy of breast 

cancer for RNI. The most commonly used treatment technique is 
Field in Field (FinF).

Axillary-Lateral Thoracic Vessel Juncture Delineation

The ALTJ area was contoured retrospectively by a single radiation 
oncologist (Ş.Ş.) for all patients according to the guideline of Gross et 
al. (6) (Figure 1a-b).

The borders were defined as: 

The cranial border: One axial slice below the humeral head

The caudal border: The inferior of the axillary vessels

The anterior border: The plane defined by posterior of pectoralis major

The posterior border: The anterior surface of the subscapularis and 
latissimus dorsi muscles. 

The lateral border: Included the axillary vessels

The medial border: The lateral border of the pectoralis minor muscle.

To validate contouring, one patient for every ten patients was randomly 
selected and checked by another radiation oncologist (Y.B.). The 
mean dose, maximum dose and V35 values ​​of ALTJ were recorded 
as equivalent dose (EQD2) which α/β = 3 was settled for late toxicity.

Lymphedema Definition 

Limb circumferences were taken routinely with a tape measure before 
and at three-month intervals for the first two years using the same 
landmarks to avoid excessive pressure during evaluation. The arm 
circumferences were measured in centimeters using a standardized 
flexible tape measure for all patients. Measurements were performed in 
the affected and unaffected limbs at 10 cm above (proximal) and below 
(distal) the elbow, circumference of outstretched inner hand, and 
wrist crease. BCRL was defined as a difference in arm circumference 
between the ipsilateral and contralateral limb >2.5 cm at any single 
encounter or ≥2 cm on ≥2 visits.

Statistical Analysis

The primary objective was to evaluate the relationship between 
ALTJ dosimetric parameters and BCRL. The secondary objective 

Figure 1. Axial plan of axila (a), coronal plan of axilla (b)

P.min.: Pectoralis minor muscle, P. maj.: Pectoralis major muscle, L. Dorsi: Latissimus Dorsi muscle
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was to investigate the association between clinical and pathological 
characteristics and the development of BCRL. Cox proportional 
hazards regression models were used to test these associations. 
Univariate analyses were initially performed to assess the association 
between potential risk factors for BCRL, including body mass 
index (BMI), type of surgery, presence of axillary seroma, number 
of dissected lymph nodes, number of positive lymph nodes, clinical 
stage, radiotherapy scheme, radiotherapy technique, and ALTJ dose 
parameters. Variables demonstrating statistical significance (p<0.05) in 
the univariate analyses were subsequently entered into a multivariate 
logistic regression model to identify independent predictors of BCRL. 
The most optimal cut-off values for ALTJ Dmean, ALTJ Dmax, and 
ALTJ V35 Gy were determined using receiver operating characteristic 
(ROC) curve analysis to investigate how they related to BCRL.

Ethical Approval 

The retrospective research design of this study (approval number: 2024. 
350.IRB2.149, date: 14.10.2024) was approved by the Institutional 
Review Board at Koç University.

Results

Patients eligible for inclusion numbered 129, with a median (range) 
age of 49 (26–86) years. Of these, 86 patients had clinical stage II, and 
43 patients had clinical stage III breast cancer (Table 1). The median 
follow-up was 22 (12–89) months. Lymphedema was observed in 12 
patients (9.3%).

The majority of patients had undergone mastectomy (80.6%) and 
19.4% had lumpectomy. Of the patients, ALND was performed in 
58.9% and SLNB in ​​41.1%. Axillary seroma was observed in 20% of 
patients. The number of removed lymph nodes was >15 in 28% of the 
patients. A total of 26 patients (20.2%) had ≥4 positive lymph nodes. 
In 25.5% of the patients, the BMI value was 30 kg/m2 or higher.

In terms of pathological receptor status, 84 patients (65.1%) identified 
as hormone reseptor (HR)(+)/human epidermal growth factor receptor 
2HER2(-), 29 patients (22.5%) as HER2(+), and 16 patients (12.4%) 
as triple negative. Regarding systemic treatment, 82 patients (63.6%) 
received neoadjuvant chemotherapy, 36 patients (27.9%) received 
adjuvant chemotherapy, and 11 patients (8.5%) did not receive any 
chemotherapy. 

Radiotherapy schemes were used in 70 patients (54.3%) whereas 
hypofractionated schemes were used in 59 patients (45.7%). The 
radiotherapy technique used was predominantly the FinF technique 
in 107 patients (82.9%), while 22 patients (17.1%) were treated with 
intensity-modulated radiotherapy (IMRT).

Dosimetric parameters of the ALTJ in EQD2 terms were: median ALTJ 
Dmax was 44.53 (12.8–71.1) Gy, the median ALTJ Dmean was 18.11 
(1.87–50) Gy, and the median ALTJ V35 Gy was 38% (1–100%).

In the univariate analysis, the number of removed lymph nodes, BMI 
and axillary dissection type were evaluated in terms of predictor of 
lymphedema. In the multivariate analysis, more than 15 removed 
lymph nodes (p = 0.002), ALND (p = 0.015), and BMI ≥30 kg/m2 (p = 
0.006) were identified as significant predictive factors for lymphedema 
(Table 2).

Furthermore, ROC analysis performed for ALTJ Dmax, ALTJ Dmean, and 
ALTJ V35 Gy parameters in predicting lymphedema development did 
not identify any significant threshold values (Figure 2). In the patient 
group treated with IMRT, ALTJ doses were found to be significantly 
higher (p = 0.003) than those receiving the FinF technique, but this 
had no significant effect on the development of lymphedema.

Discussion and Conclusion

In this retrospective study, we analyzed breast cancer patients who 
had undergone regional lymph node radiotherapy, and no significant 
association was detected between the dose to the ALTJ region and 
the development of BCRL. The results indicated that the number 
of removed lymph nodes (>15), the type of axillary intervention 
(ALND), and a high BMI (≥30 kg/m2) were identified as predictive 
risk factors for BCRL. The current study is the first Turkish breast 
cancer cohort evaluating the delivered dose to the ALTJ in relation to 
the development of lymphedema.

Table 1. Patients characteristics

All patients (n) All patients (%)

Age, median, years 49 (26–86) -

Follow-up duration, 
months

22 (12–89) -

Clinical T-stage

T1 46 35.7

T2 66 51.2

T3 9 7

T4 8 6.1

Clinical N-stage

N0 25 19.4

N1 74 57.4

N2 15 11.6

N3 15 11.6

Stage groups

II 86 66.7

III 43 33.3

Pathological receptor 
status

HR(+)/HER2(-) 84 65.1

HER2(+) 29 22.5

HR(-)/HER2(-) 16 12.4

Systemic treatment

Neoadjuvant 
chemotherapy

82 63.6

Adjuvant chemotherapy 36 27.9

No chemotherapy 11 8.5

Lymphedema 

No 117 90.7

Yes 12 9.3

HR: Hormone reseptor; HER2: Human epidermal growth factor receptor 2
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The relationship between the ALTJ region and lymphedema has been 
established based on the distinction of breast and arm lymphatic 
drainage. The upper limb drainage nodes, which are identified via the 
axillary reverse mapping (ARM) technique, were distinctly separate 
lymph nodes from the sentinel nodes draining the breast in 90% of 
cases. A systemic review by Ahmed et al. (10) indicated an overlap 
rate of up to 10%; moreover, Ngui et al. (11) confirmed this low 
overlap rate of 9.6%. Moreover, the majority of ARM nodes (72%) 
were located in the upper level 1 axilla, outside the tangential whole-
breast radiotherapy fields (12). One of the studies supporting distinct 

lymphatic drainage systems was performed by Clough et al. (13). They 
mapped the sentinel lymph nodes of 242 patients diagnosed with stage 
I breast cancer and indicated that, apart from the site of the tumor in 
the breast, 98.2% of sentinel lymph nodes were found in the medial 
part of the axilla, alongside the lateral thoracic vein.

Based on data suggesting that the use of the ARM technique in surgical 
series reduces BCRL (14) and the knowledge that arm and breast 
drainage are distinct in most patients, Gross et al. (6) proposed that 
there could be a significant relationship between radiotherapy dose to 

Table 2. Results of univariate and multivariate analysis for BCRL

Characteristics All patients 
(n = 129)

BCRL 
(n = 12)

Univariate p-value Multivariate p-value

BMI, kg/m2

<30 96 5
0.01 0.006

≥30 33 7

Surgery, primary

Lumpectomy 25 3
0.42 -

Mastectomy 104 9

Surgery, axilla

SLND 53 1
0.01 0.01

ALND 76 11

Seroma, axilla

Yes 26 0
0.58

-

No 103 12

Removed lymph nodes

15 93 4
0.004 0.002

>15 36 8

Positive lymph nodes

<4 103 9
0.45

-

≥4 26 3

Stage groups

II 67 6
0.42

-

III 50 6

Radiotherapy scheme

Conventional 70 7
0.50

-

Hypofraction 59 5

RT technique 

Field in Field 107 12
0.09

-

IMRT 22 0

ALTJ Dmax (EQD2), median Gy 44.53 (12.8–71.1) 42.1 (36.8–67.95) 0.72 -

ALTJ Dmean (EQD2), median Gy 18.11 (1.87–50) 16.45 (1.87–35.57) 0.17 -

ALTJ V35 Gy (EQD2), median (%) 38 (1–100) 27 (2–74) 0.18 -

ALTJ V35 Gy (EQD2)

≤66% 99 11
0.18 -

>66% 30 1

ALTJ: Axillary-lateral thoracic vessel juncture; ALND: Axillary lymph node dissection; BCRL: Breast cancer-related lymphedema; BMI: Body mass index; EQD2: 
Equivalent dose; N: Number of patients; SLNB: Sentinel lymph node biopsy; Gy: Gray; RT: Radiation therapy; Dmean: Mean dose; Dmax: Maximum dose; V35 Gy: 
Percantage of volume receiving 35 Gy; IMRT: Intensity-modulated radiotherapy
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the upper level 1 axillary region, an area predominantly involved in 
arm drainage, and the development of BCRL. This study indicated 
that the most significant dosimetric variable and the cut-off point was 
ALTJ Dmin <36.8 Gy, which was associated with a 6.6-fold decrease 
in 3-year lymphedema rates (5.7% vs. 37.4%). Following this new 
OAR definition by Gross et al. (6), three studies have been published 
investigating the impact of radiotherapy doses on the ALTJ region and 
the risk of developing lymphedema. Two of these three studies have 
demonstrated that the ALTJ appears to be an OAR. Lei et al. (15), 
reported a significant reduction in ALTJ dose with VMAT, and we 
found higher ALTJ doses in patients treated with IMRT compared 
to the FinF technique. One of the studies validating the ALTJ as an 
OAR was conducted by Suk Chang et al. (7), which revealed that 
ALTJ V35 Gy of ≤66% in patients with ≤6 removed lymph nodes 
and ALTJ maximum dose of >53 Gy in patients with >15 removed 
lymph nodes, were identified as important factors using decision tree 
analysis. Another study by Park et al. (8) developed and validated 
a multivariable normal tissue complication probability model to 
predict lymphedema in breast cancer patients receiving radiation 
therapy. According to this model, patients were classified into three 
risk categories: high-risk [number of lymph nodes dissected (LNDno) 
>10 and ALTJ V35 >39.9%], moderate-risk (LNDno >10 and ALTJ 
V35 ≤39.9% or LNDno ≤10 and ALTJ V35 >39.9%), and low-risk 
(LNDno ≤10 and ALTJ V35 ≤39.9%). The risk of lymphedema was 
significantly higher in high-risk patients where both LNDno and 
V35 exceeded the cut-off values. In contrast to these three studies, a 
more recent study by Healy et al. (9) did not demonstrate a significant 
relationship between the dose to the ALTJ region and the development 
of BCRL. In the current study, which represents the fifth study in 
the literature analyzing the relationship between ALTJ and BCRL, no 
threshold value for ALTJ dose parameters was identified that could 
predict the risk of lymphedema. Additional analyses were conducted 
based on the threshold values of 39.9% and 66% for ALTJ V35 Gy 
reported in the literature; however, these analyses also did not yield 
significant results.

In patients with breast cancer, the type of surgical intervention to the 
axilla is among the most well-known risk factors for the development 
of lymphedema. In a meta-analysis of 67 studies published in 2023, 
focusing on upper limb morbidity associated with SLNB and ALND, 
it was once again shown that ALND significantly increased the risk of 

lymphedema compared to SLNB (13.7% and 24.2%) (4). Contrary 
to this clear relationship, studies investigating the relationship between 
the number of removed lymph nodes and the risk of lymphedema 
have reported conflicting results. Although Goldberg et al. (16), 
in their series of 600 patients, did not demonstrate a significant 
relationship between the number of lymph nodes removed and the 
risk of lymphedema, a meta-analysis of 84 studies published in 2022 
by Shen et al. (1) concluded that removing more than 15 lymph nodes 
is a risk factor for lymphedema. In the present study, removing more 
than 15 lymph nodes and ALND were also significantly identified as a 
predictive factor for lymphedema.

High BMI is another parameter that has been identified as one of 
the most significant factors increasing the risk of lymphedema in 
breast cancer patients. Both BMI at diagnosis and weight gain in the 
postoperative period have been shown to contribute to this risk. In 
Chinese data, a BMI over 25 kg/m2 has been shown to pose a risk 
for lymphedema due to physical differences, whereas in Western 
populations, this risk is observed when the BMI exceeds 30 kg/m2 (1, 
17). Our results demonstrated that a BMI of 30 kg/m2 or higher was a 
significant risk factor for BCRL.

The nodal burden of the disease, age, and long follow-up duration are 
also risk factors for lymphedema and have been integrated into various 
lymphedema risk stratification models (18, 19). While our study did 
not demonstrate a significant association between the number of 
positive lymph nodes and lymphedema, presumably due to the small 
cohort size, the role of nodal disease burden as a strong predictive factor 
for lymphedema is well recognized in the literature. The progressive 
fibrotic changes induced by radiotherapy, compounded by age-related 
factors, underscore the importance of extended follow-up periods in 
capturing the full spectrum and incidence of lymphedema among BC 
survivors (20).

Study Limitations

This study has potential limitations. Firstly, due to the retrospective 
nature of the study, we included only the patients with sufficient 
arm measurements. Secondly, even though the study explored a new 
concept in breast cancer treatment planning, it was limited by the 
small sample size. The relatively small sample size of the study may 
have limited statistical power, reducing the ability to detect significant 

Figure 2.  The outcomes of a receiver operating characteristic curve analysis examining the correlation between the ALTJ and EQD2 doses 

ROC: Receiver operating characteristic; ALTJ: Axillary-lateral thoracic vessel juncture; EQD2: Equivalent dose
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associations between variables. A lower number of patients increased 
the risk of type II errors, where actual differences or effects may go 
undetected. Thus, our findings should be considered as preliminary, 
necessitating confirmation through studies with larger, adequately 
powered populations. Thirdly, longer follow-up after 5 years could 
provide more meaningful and robust findings due to the high cure 
rates of breast cancer. Lastly, patients with lymphedema prior to 
radiotherapy were excluded in order to minimize the impact of 
surgery on lymphedema. Therefore, patients who developed acute 
postoperative morbidity related to surgery were not evaluated within 
the scope of this study and should thus be considered a separate group 
in terms of risk of developing lymphedema.

Although our study did not demonstrate a significant association 
between the radiation dose to the ALTJ and the development of BCRL, 
delineating the ALTJ as an OAR in clinical practice and incorporating 
it into treatment plan optimization, but without compromising the 
clinical target volume, may offer a clinically safe and beneficial strategy, 
particularly for long-term breast cancer survivors.
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Introduction

Breast cancer (BC) is considered a systemic disease (1) and a significant 
public health issue. This is the most common cancer type and 
responsible for the highest cancer mortality rates among women (2). 
Significant changes in the understanding of tumor biology and BC 
treatment have taken place from the end of the 20th century. Treatment 
has evolved from initial surgical approach with the aim of locoregional 
disease control into multidisciplinary management with the 

introduction of systemic therapy, leading to significant improvements 
in disease-free survival (DFS) and overall survival (OS) (3, 4).

The National Surgical Adjuvant Breast and Bowel Project studies, 
B-18 (5, 6) and B-27 (7), initiated a new era in the treatment of
BC and demonstrated other benefits when employing neoadjuvant 
chemotherapy (NAC). These include the greater possibility of being 
able to use conservative surgery and evaluating in vivo treatment 
responses based on tumor responses (6-9). 

ABSTRACT

Objective: The use of neoadjuvant chemotherapy (NAC) has improved outcomes in breast cancer (BC). The residual cancer burden index (RCB) predicts 
prognosis. This study evaluated RCB as a prognosticator in BC subtypes treated with NAC.

Materials and Methods: A retrospective cohort of BC patients was analyzed. Five-year distant recurrence-free survival (DRFS), disease-free survival 
(DFS), and overall survival (OS) were analyzed. Statistical analyses included descriptive statistics, ANOVA, chi-square test, Fisher’s exact test, Kaplan-Meier 
curves, Log-Rank test, and Cox regression.

Results: Among 562 women, RCB correlated with BC subtypes and predicted worse DRFS, DFS, and OS. In stratified analyses by molecular subtype, 
the association was significant only for luminal B and triple-negative subtypes, with inconsistent findings for luminal A and human epidermal growth factor 
type 2-overexpressed subtypes.

Conclusion: The RCB index was shown to be a prognostic marker in BC in a Brazilian population with BC. Significant associations were found only for 
the luminal B and triple negative subtypes. Further research is required to investigate the prognostic utility of RCB in other larger populations.
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Key Points

• 	 The residual cancer burden (RCB) index predicts outcomes in breast cancer treated with neoadjuvant chemotherapy; notable for luminal B and triple 
negative breast cancer (TNBC).

• 	 RCB-III shows poor prognosis across breast cancer subtypes, with up to a five-fold increased risk.

• 	 Luminal B and TNBC show significant survival differences when stratified by RCB class.

• 	 RCB index as a continuous variable forecasts distant recurrence, progression, and death.

• 	 The present study confirms the prognostic value of RCB index in a Brazilian cohort with breast cancer but there is a need for futher subtype-specific
research.
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The achievement of pathological complete response (pCR) with the use 
of NAC has been associated with increased survival rates (8-16). Given 
this evidence, this treatment has been validated as a reliable prognostic 
marker (17). The use of an index that, through post-NAC pathological 
criteria, is capable of predicting the chance of disease progression and 
death within 5 years makes it possible to evaluate the prognosis in 
patients undergoing this type of initial BC treatment. The residual 
cancer burden (RCB) Index stratifies patients with BC undergoing 
NAC into four groups; the RCB Index has demonstrated differences in 
distant recurrence-free survival (DRFS), DFS and OS, providing more 
precise information and facilitating strategic indications concerning 
adjuvant therapies (18-21).

There is a lack of studies from Latin America, and especially from 
Brazil, that demonstrate the usefulness of this index in clinical practice. 
This is important as there are marked differences in demographic 
and epidemiological population characteristics from those observed 
on other continents (22). Thus, the aim of the present study was to 
evaluate the prognostic power of the RCB Index in a cohort of patients 
with BC undergoing NAC at the Brazilian National Cancer Institute 
(INCA).

Materials and Methods

Study Design and Location

This study comprises a retrospective cohort investigation of patients 
with BC followed at the Cancer Hospital III, part of the (HCIII/
INCA), located in the city of Rio de Janeiro, where around 1000 
treatments are provided each year for BC. The study was approved 
by the INCA Human Research Ethics Committee under opinion 
166.838, following resolution 466/12 of the National Health Council 
of the Ministry of Health (date: 04.01.2013).

Eligibility Criteria

Female patients with a histopathologically-confirmed diagnosis of BC, 
of any ages and with clinical staging (CS) T1-4, N0-3 and M0 and 
having undergone initial NAC-based treatment were included in the 
study. Those who did not complete NAC or who required changes 
to the planned NAC regimen were excluded. Patients in whom data 
was not sufficient to make RCB calculations (bidimensional tumor 
bed, % total cellularity, % in situ cellularity, number of positive 
lymph nodes and the size of the largest metastasis), had no molecular 
subtype specified [incomplete or no data regarding estrogen receptor, 
progesterone receptor, human epidermal growth factor type 2 receptor 
(HER-2) and Ki-67 level], or who were pregnant at diagnosis, as 
well as those presenting with bilateral breast carcinoma, clinical and/
or cardiological contraindications to the use of chemotherapy, non-
epithelial tumors, a history of previous breast carcinoma and, finally, 
those classified as metastatic (M1) in the imaging evaluation but were 
then classified as non-metastatic in the initial clinical evaluation were 
excluded.

Participant Selection 

Initially, a total of 935 women, presenting between 2013 and 2015, 
were selected from the Hospital Cancer Registry. This period was 
chosen to allow a sufficient follow-up period of at least 5 years in order 
to properly analyze the study outcomes. After applying the eligibility 
criteria, 562 patients were included (Figure 1).

Sociodemographic, clinical, tumor, treatment and follow-up data 
(recurrence, metastasis and death) were obtained from electronic and 
physical records.

All patients underwent the same institutional treatment routine 
according to CS and molecular tumor profile determined by 
immunohistochemistry.

RCB Index and RCB Class Calculations

The RCB index was calculated as a continuous variable, based on 
information obtained from the histopathological reports of the 
assessed surgical specimens, through data concerning the primary 
tumor bed (two-dimensional tumor bed, % global cellularity and % 
in situ disease) and lymph nodes (number of positive lymph nodes and 
diameter of the largest metastasis) (18).

The determination of global cellularity in the histopathological reports 
followed the INCA/HCIII Pathology Service standards, based on the 
sum of the cellularity of the invasive portion and the cellularity of the 
in situ portion.

This data was then used to calculate the RCB index using the formula 
RCB = 1.4 (finvdprim)0.17 + [4(1–0.75LN)dmet]

0.17. The originally proposed 
cutoff points were applied for the data interpretation, resulting in 
four RCB classes, which indicate the progressive residual volume 
of disease, as follows: RCB-0 (RCB = 0, equivalent to pCR); RCB-
1 (score >0–1.36), RCB-2 (score 1.37–3.28) and RCB-3 (score 
>3.28) (18). A random sample of 50 patients was included in the 
calculator (available at http://www3.mdanderson.org/app/medcalc/
index.cfm?pagename=jsconvert3) to validate the spreadsheet formula, 
obtaining a 100% agreement rate.

The absence of invasive breast and axilla carcinomas (pT0/pTis and 
pN0) was assumed to be pCR.

Study Outcomes

To evaluate the prognostic power of the RCB index, a 5-year DRFS was 
proposed as the primary outcome, defined as the interval in months 
between the initial BC diagnosis and distant recurrence [Symmans et 
al. (18), 2007]. Secondary outcomes comprised DFS and 5-year OS. 
The DFS was considered as the time interval in months between the 

Figure 1. Study patient selection flowchart

NAC: Neoadjuvant chemotherapy; RCB Residual cancer burden
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pathological diagnosis and the appearance of a second primary tumor, 
recurrence of invasive or non-invasive disease, or death. The OS was 
considered as the period in months between the pathological diagnosis 
and the occurrence of death from any cause. Time was censored at the 
end of follow-up, on the date of the last institutional consultation (lost 
to follow-up) or December 31, 2020, the date the study ended.

Statistical Analyses

The descriptive statistics of the categorical variables are presented in 
tables, depicting their absolute and relative frequency distributions, 
while continuous variables are presented as central tendency measures 
(means and standard deviations). An analysis of variance (ANOVA) 
was applied to compare continuous variables, and associations between 
categorical variables, were verified by Pearson’s chi-square test and 
Fisher’s exact test, when indicated.

The DRFS, DFS and OS curves for the total population and each 
molecular subtype were constructed employing the Kaplan-Meier 
method and compared using the Log-Rank test. All survival curves 
were expressed as percentages versus time (in months).

Cox proportional hazards regression models (univariate and multiple) 
were used to explore the risk of distant progression, recurrence, or 
death according to RCB classes and the RCB index was used as a 
continuous variable.

Variables whose statistical significance in Cox univariate analyses 
exhibited p<0.15 values were inserted into a multiple model built 
sequentially using the Stepwise Forward method, beginning with the 
variable most strongly associated with the outcome and continuing 
until no other variable reached significance (23). Variables presenting 
with p<0.05 were maintained in the final model. All statistical analyses 
were performed using the Statistical Package for the Social Science 
(SPSS) for Windows, version 24 (IBM Inc., Armonk, NY, USA).

Results

Study Population Characteristics 

Data from the 562 patients included and presenting with the following 
molecular profiles were analyzed: 16.7% luminal A, 52.3% luminal B, 
9.6% overexpressed HER2 and 21.4% triple negative breast cancer 
(TNBC). Mean patient age was 51.3±11.4 years old. Of the patients, 
34.2% were Caucasian and 51.4% were menopausal. The predominant 
CS was III (53.2%), with 59.2% grade 1 or 2 and 92.3% of the 
histological findings indicated non-special type invasive carcinoma 
(CI-TNE). A total of 81.7% of all patients underwent mastectomies 
and 78.4%, axillary lymphadenectomies, while 97.5% underwent 
chemotherapy regimens based on anthracyclines and taxanes (Table 1).

Following NAC, the following distribution was observed between 
RCB classes: 12.1% pCR, 6.4% RCB-I, 51.1% RCB-II and 30.4% 
RCB-III. Furthermore, 11.9% still presented ypT3/T4 tumors and 
40.2%, positive axilla. The post-treatment variables (RCB classes, ypT 
and ypN) were significantly different between the total population and 
the molecular BC subtypes (Table 2).

Survival Analysis

Supplementary Table 1 displays the calculated DRFS, DFS and OS 
percentages at 5 years per RCB class, both for the total population and 
for each molecular BC profile. Similar survival rates were observed 

between patients with pCR and those with RCB-I. However, RCB-II 
and RCB-III patients displayed progressively lower survival rates, with 
more evident differences in the most aggressive tumors (overexpressed 
HER2 and TNBC).

The Kaplan-Meier curves for DRFS, DFS and OS according to each 
RCB class are depicted in Supplementary Figure (SF) 1 and Figure 2. 
A significant difference (p<0.001) was observed when comparing the 
RCB classes for all survival curves in the total study population (SF 
1A, Figure 2A and F). Concerning patients with luminal A tumors, the 
survival curves (SF 1B, Figure 2B and G) did not indicate significant 
differences when comparing RCB classes, while a significant difference 
in relation to the RCB classes was observed in all survival curves for 
those with luminal B tumors (SF 1C, Figure 2C and H) (p<0.001). 
No difference in OS was observed in patients with overexpressed 
HER2 tumors (Figure 2I) in relation to RCB class differences, while 
a significant difference was observed for DRFS and DFS (SF 1D, 
Figure 2D). The survival curves (SF 1E, Figure 2E and J) for patients 
presenting with TNBC tumors also exhibited differences in survival 
metrics depending on the RCB class.

Risk Assessment According to the RCB Index and RCB Classes

​Univariate Cox regression analyses were performed (Supplementary 
Tables 2-4) to determine the risk of progression, recurrence, and 
death in the study population. Age and menopausal status were not 
significant in any of the analyses, nor was any difference between the 
RCB-0 and RCB-I classes detected.

In the general population, the adjusted Cox analysis indicated a gradual 
increase in the risk of DRFS, DFS and OS with increasing RCB 
Indices (Tables 3-5). Increases of 70, 80 and 70% were also observed 
concerning the risk of distant recurrence, recurrence or progression or 
death, respectively, with each 1-point score increase when the RCB 
index was used as a continuous variable.

The risks associated different RCB classes could not be calculated for 
patients with luminal A tumors, as no data convergence was obtained. 
However, when used as a continuous variable, the RCB index indicated 
increases of about two-fold, 2.6-fold and 5.2-fold concerning the risk 
of distant recurrence, recurrence or progression or death for each 
1-point score increase, respectively (Tables 3-5).

In patients with luminal B tumors, the risk of DRFS, DFS and 
OS associated with the RCB classes increased by 4.5-fold, 4.6-fold 
and 4.2-fold, respectively, for RCB-III. When used as a continuous 
variable, the RCB index indicated an almost two-fold increase in the 
risk of distant recurrence, recurrence or progression or death for each 
1-point score increase (Tables 3-5).

Risks associated with different RCB classes for patients with 
overexpressed HER-2 tumors could not be calculated, again due to a 
lack of data convergence. On the other hand, when the RCB index was 
employed as a continuous variable, a two-fold increase in the risk of 
distant recurrence, recurrence or progression or death was noted with 
each 1-point score increase (p<0.001) (Tables 3-5).

Finally, RCB classes exhibited independent prognostic value regarding 
the risk of distant recurrence, recurrence or progression and death 
in patients with TNBC, while an increasing risk as the RCB index 
increased was noted only for DRFS. The risk of distant recurrence, 
recurrence or progression or death increased two-fold (p<0.001) for 
each 1-point score RCB index increase (Tables 3-5).



310

Eur J Breast Health 2025; 21(4): 307-325

Table 1. Clinical characteristics of the whole study population and when stratified by molecular breast cancer subtypes 

at diagnosis

Pre-NAC variables Total Luminal A Luminal B Overexpressed 
HER2

Triple 
negative

p

n (%) n (%) n (%) n (%) n (%)

562 (100.0) 94 (16.7) 294 (52.3)        54 (9.6) 120 (21.4)

Age (years), mean (± SD) 51.3 (11.4) 52.7 (11.1) 51.4 (11) 50.5 (11.6) 50.0 (12.5) 0.294a

Race/skin color

White 192 (34.2) 26 (27.7) 98 (33.3) 23 (42.6) 45 (37.5)

0.452*Non-white 367 (65.3) 68 (72.3) 194 (66.0) 31 (57.4) 74 (61.7)

Missing 3 (0.5) 0 (0.0) 2 (0.7) 0 (0.0) 1 (0.8)

Menopausal status

Pre-menopausal (≤50 years old) 273 (48.6) 42 (44.7) 143 (48.6) 28 (51.9) 60 (50.0)
0.825

Post-menopausal (>50 years old) 289 (51.4) 52 (55.3) 151 (51.4) 26 (48.1) 60 (50.0)

Tumor size (T)

T1/2 203 (36.1) 45 (47.9) 95 (32.3) 25 (46.3) 38 (31.6)

0.05T3 167 (29.7) 22 (23.4) 88 (29.9) 16 (29.6) 41 (34.2)

T4 192 (34.2) 27 (28.7) 111 (37.8) 13 (24.1) 41 (34.2)

Lymph nodes (N)

N0 252 (44.8) 52 (55.3) 132 (44.9) 21 (38.9) 47 (39.2)

0.192N1 240 (42.7) 31 (33.0) 129 (43.9) 27 (50.0) 53 (44.2)

N2/ N3 70 (12.5) 11 (11.7) 33 (11.2) 6 (11.1) 20 (16.6)

Histological grade

1 or 2 389 (69.2) 90 (95.7) 230 (78.2) 26 (48.1) 43 (35.8)

0.001*3 164 (29.2) 4 (4.3) 62 (21.1) 26 (48.1) 72 (60.0)

Missing 9 (1.6) 0 (0.0) 2 (0.7) 2 (3.8) 5 (4.2)

Clinical staging

I/ II 263 (46.8) 54 (57.4) 130 (44.2) 29 (53.7) 50 (41.7)
0.062

III 299 (53.2) 40 (42.6) 164 (55.8) 25 (46.3) 70 (58.3)

Breast surgery

Breast conserving 103 (18.3) 14 (14.9) 56 (19.0) 7 (13.0) 26 (21.7)
0.428

Mastectomy 459 (81.7) 80 (85.1) 238 (81.0) 47 (87.0) 94 (78.3)

Axillary surgery

Sentinel lymph node biopsy (SLNB) 121 (21.5) 22 (23.4) 62 (21.1) 13 (24.1) 24 (20.0)

0.933
Axillary lymph node dissection 
(ALND)

388 (69.0) 63 (67.0) 201 (68.4) 37 (68.5) 87 (72.5)

SLNB + ALND 53 (9.5) 9 (9.6) 31 (10.5) 4 (7.4) 9 (7.5)

Neoadjuvant regimen

Anthracyclic + Taxane 548 (97.5) 93 (98.9) 289 (98.3) 52 (96.3) 114 (95.0)
 0.173

Other 14 (2.5) 1 (1.1) 5 (1.7) 2 (3.7) 6 (5.0)

SD: Standard deviation; NAC: Neoadjuvant chemotherapy; HER: Human epidermal growth factor receptor-type 2; a: p-value obtained by an ANOVA analysis; 
*: p-value obtained by Fisher’s exact test; Other p values calculated using the Pearson chi-square test; in bold, p<0.05
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Discussion and Conclusion

This study included 562 BC patients with more than half with luminal 
B subtype, just over a fifth with TNBC and smaller proportions of 
luminal A and HER2. As the predominant CS was advanced (53.2%), 
most patients underwent radical surgery (81.7% mastectomies and 
78.4% axillary lymphadenectomies). The most commonly used 
chemotherapy regimen was based on anthracyclines and taxanes 
(97.5%).

The survival curves analysis for the whole cohort and by molecular 
subtype indicated that patients of all subgroups with minimal residual 
disease (RD) (RCB-I) exhibit a similar prognosis at 5 years to those 
who achieved pCR (RCB-0). Conversely, those with extensive 
RD (RCB-III) exhibited a poor prognosis. Patients with an RCB-
II classification, around 50% of the population, remain in need of 
additional investigations.

The RBC index analyzed as a continuous variable was associated with 
the prognosis of BC across the whole study population and in all 
molecular subtypes. However, when analyzed by class, this association 
was detected only in the total population and in patients with the 
luminal B and TNBC subtypes, probably due to the small sample size 
noted for the other profiles.

Concerning the total population, as well as in the study conducted 
by Hamy et al. (24) and in contrast to Symmans et al. (19), age and 
menopausal status did not exhibit statistically significant differences 

between the assessed molecular BC subtypes in both the univariate and 
multiple analyses. The inclusion criteria of the present study allowed 
for the study of patients presenting with T4, N2 and N3, similar to the 
study conducted by Gomes da Cunha et al. (22), who evaluated the 
Brazilian population, and differing from the original study carried out 
by Symmans et al. (18) and replicated by several other authors, such 
as Hamy et al. (24) and Yau et al. (25). Thus, patients presenting with 
more advanced CS than in the initial studies were included, with a 
predominance of CS III, positive hormone receptors, negative HER2, 
elevated Ki-67 and grades 1 and 2. The applied Kaplan-Meier analysis 
highlighted the significant drop in DRFS, DFS and OS with increasing 
RCB class and when the RCB index was analyzed as a continuous 
variable (p<0.001). The multiple analysis demonstrated an increase in 
the risk of distant progression, recurrence, and death by about two-
fold for each 1-point increase in the RCB index (p<0.001), adjusted 
for T and Ki-67. The RCB II and III classes adjusted for T and ypN 
were also significantly associated with these survival parameters.

The Kaplan-Meier analyses did not indicate significant differences 
between RCB classes for patients with luminal A subtype. The 
multiple regression analysis indicated an increase in the risk of distant 
progression and recurrence by about 2.6-fold for each 1point increase 
in the continuous score, as well as an increase in the risk of death by 
more than five times with a one-point score increase. Such findings 
corroborate the results reported by Yau et al. (25), the only study 
demonstrating an increased risk among tumors classified as luminal 
and in contrast to the currently available literature.

Table 2. Characteristics of the whole study population and when stratified by molecular breast cancer subtypes by IHC 

following neoadjuvant chemotherapy

Pre-NAC variables Total   Luminal A Luminal B Overexpressed HER2 Triple negative p

n (%) n (%) n (%) n (%) n (%)

562 (100.0) 94 (16.7) 294 (52.3) 54 (9.6) 120 (21.4)

RCB classes

0 68 (12.1) 2 (2.1) 20 (6.8) 15 (27.8) 31 (25.8)

0.001
I 36 (6.4) 1 (1.1) 25 (8.5) 4 (7.4) 6 (5.0)

II 287 (51.1) 57 (60.6) 149 (50.7) 28 (51.8) 53 (44.2)

III 171 (30.4) 34 (36.2) 100 (34.0) 7 (13.0) 30 (25.0)

YpT

PCR 105 (18.7) 5 (5.3) 45 (15.3) 23 (42.6) 32 (26.7)

0.001*
ypT1 193 (34.3) 30 (31.9) 115 (39.1) 17 (31.5) 31 (25.8)

ypT2 197 (35.1) 48 (51.1) 99 (33.7) 11 (20.4) 39 (32.5)

ypT3/T4 67 (11.9) 11 (11.7) 35 (11.9) 3 (5.5) 18 (15.0)

YpN

ypN0 336 (59.8) 47 (50.0) 163 (55.4) 42 (77.8) 84 (70.0)

 0.001*ypN1 124 (22.1) 30 (31.9) 62 (21.1) 9 (16.7) 23 (19.2)

ypN2/3 102 (18.1) 17 (18.1) 69 (23.5) 3 (5.5) 13 (10.8)

SD: Standard deviation; NAC: Neoadjuvant chemotherapy; IHC: Immunohistochemistry; HER: Human epidermal growth factor receptor-type 2; RCB: Residual 
cancer burden; *: p-value obtained by Fisher’s exact test; other p values calculated by Pearson’s chi-square test; in bold, p<0.05
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Figure 2. Kaplan-Meier survival curves. Disease-free survival - A: general population; B: 
luminal A; C: luminal B; D: overexpressed HER2; E: triple negative. Overall survival - F: general 
population; G: luminal A; H: luminal B; I: overexpressed HER2; and J: triple negative

RCB: Residual cancer burden; HER2: Human epidermal growth factor receptor 2
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Concerning patients with luminal B subtype, the Kaplan-Meier 
analyses demonstrated a significant difference between RCB classes. 
The multiple analysis demonstrated an increase in the risk of distant 
progression, recurrence and death of around two-fold for each 1-point 
increase in the continuous score, and when adjusted by estrogen 
receptor and Ki-67, only for the risk of death. The RCB class analysis 

for this subtype verified a significant prognostic association in RCB-
III equivalent to pathological stage III, in contrast to the findings of 
Symmans et al. (19), probably due to the inclusion of patients with 
TNBC tumors in our study. These findings are, however, in line with 
the more recent results reported by Yau et al. (25).

Table 3. Crude and adjusted Cox analysis according to RCB classes and RCB index in the whole study population and 

molecular breast cancer subtypes by immunhistochemistry regarding distant recurrence-free survival

  cHR (95% CI) p aHR (95% CI) p 

Whole study population* (n = 562)

RCB classes

0 (n = 68) Ref. Ref.

I (n = 36) 2.9 (0.8–10.4) 0.096 3.1 (0.9–10.8) 0.085

II (n = 287) 4.3 (1.6–11.8) 0.005 4.3 (1.6–11.7) 0.005

III (n = 171) 11.7 (4.3–31.8) <0.001 10.9 (3.9–29.6) <0.001

RCB index (as a continuous variable) 1.9 (1.6–2.2) <0.001 1.7 (1.1–2.5) <0.001

Luminal A*** (n = 94)

RCB classes

0 (n = 2) Ref. Ref.

I (n = 1) £ £ £ £

II (n = 57) £ £ £ £

III (n = 34) £ £ £ £

RCB index (as a continuous variable) 2.6 (1.3–5.2) 0.008 2.6 (1.3–5.2) 0.008

Luminal B (n = 294)

RCB classes

0 (n = 20) Ref. Ref.

I (n = 25) 1.4 (0.4–6.0) 0.627 1.5 (0.4–6.1) 0.616

II (n = 149) 1.5 (0.5–5.0) 0.493 1.5 (0.5–4.9) 0.516

III (n = 100) 4.8 (1.5–15.5) 0.008 4.5 (1.4–14.4) 0.012

RCB index (as a continuous variable)*** 1.8 (1.5–2.2) <0.001 1.8 (1.5–2.2) <0.001

Overexpressed HER2*** (n = 54)

RCB classes

0 (n = 15) Ref. Ref.

I (n = 4) £ 0.914 £ £

II (n = 28) £ 0.912 £ £

III (n = 7) £ 0.904 £ £

RCB index (as a continuous variable) 2.2 (1.5–3.3) <0.001 2.2 (1.5–3.3) <0.001

Triple negative*** (n = 120)

RCB classes

0 (n = 31) Ref. Ref.

I (n = 6) 2.9 (0.8–10.4) 0.096 2.9 (0.8–10.4) 0.096

II (n = 53) 4.3 (1.6–11.8) 0.005 4.3 (1.6–11.8) 0.005

III (n = 30) 11.7 (4.3–31.8) <0.001 11.7 (4.3–31.8) <0.001

RCB index (as a continuous variable) 2.0 (1.6–2.5) <0.001 2.0 (1.6–2.5) <0.001

CI: Confidence interval; CS: Clinical staging; HER: Human epidermal growth factor receptor-type 2; RCB: Residual cancer burden; cHR: Crude hazard ratio; 
aHR: Adjusted hazard ratio. In bold, p<0.05; adjusted by: *T; **CS and ***without adjustment variables; £: Insufficient sample size for the calculation
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With regard to patients with overexpressed HER2 BC, the Kaplan-
Meier analyses only indicated a lack of differences between classes 
regarding OS. The multiple analysis indicated an increase in the risk of 
distant progression, recurrence, and death by about two-fold for each 
1-point increase in the continuous score without adjustment, similar 
to Symmans et al. (19) and Yau et al. (25).

Finally, regarding women with TNBC, the Kaplan-Meier analyses 
verified a significant difference between RCB classes (p<0.001). The 
multiple analysis demonstrated an increase in the risk of distant 
progression, recurrence, and death of approximately double for each 
1-point increase in the continuous score, again without adjustment. 
In the current study, RCB classes for patients with TNBC were 

Table 4. Crude and adjusted Cox analysis according to RCB classes and RCB index in the whole study population and for 

molecular breast cancer subtypes regarding disease-free survival

  cHR (95% CI) p aHR (95% CI) p 

Whole study population (n = 562)

RCB classes*

0 (n = 68) Ref. Ref.

I (n = 36) 2.9 (0.8–10.3) 0.099 3.0 (0.9–10.6) 0.092

II (n = 287) 4.3 (1.6–11.9) 0.005 4.1 (1.5–11.2) 0.007

III (n = 171) 11.8 (4.3–32.0) <0.001 7.0 (2.2–21.7) 0.001

RCB index (as a continuous variable)** 1.9 (1.6–2.2) <0.001 1.8 (1.6–2.1) <0.001

Luminal Aa (n = 94)

RCB classes

0 (n = 2) Ref. Ref.

I (n = 1) £ £ £ £

II (n = 57) £ £ £ £

III (n=34) £ £ £ £

RCB index (as a continuous variable) 2.6 (1.3–5.2) 0.008 2.6 (1.3–5.2) 0.008

Luminal B (n = 294)

RCB classes***

0 (n = 20) Ref. Ref.

I (n = 25) 1.4 (0.4–6.0) 0.632 1.5 (0.4–6.0) 0.618

II (n = 149) 1.5 (0.5–5.0) 0.495 1.5 (0.5–4.9) 0.511

III (n = 100) 5.0 (1.6–15.9) 0.007 4.6 (1.5–14.7) 0.01

RCB index (as a continuous variable)a 1.8 (1.5–2.2) <0.001 1.8 (1.5–2.2) <0.001

Overexpressed HER2 (n = 54)

Classes de RCB

0 (n = 15) Ref. Ref.

I (n = 4) £ 0.914 £ £

II (n = 28) £ 0.912 £ £

III (n = 7) £ 0.904 £ £

RCB index (as a continuous variable) 2.2 (1.5–3.3) <0.001 2.2 (1.5–3.3) <0.001

Triple negative (n = 120)

Classes de RCB****

0 (n = 31) Ref. Ref.

I (n = 6) £ 0.975 £ 0.978

II (n = 53) 17.0 (2.3–126.3) 0.006 19.3 (2.6–144.2) 0.004

III (n = 30) 41.7 (5.6–309.7) <0.001 14.1 (1.5–136.5) 0.022 

RCB index (as a continuous variable)a 2.0 (1.6–2.3) <0.001 2.0 (1.6–2.3) <0.001

CI: Confidence interval; CS: Clinical staging; HER: Human epidermal growth factor receptor-type 2; RCB: Residual cancer burden; cHR: Crude hazard ratio; 
aHR: Adjusted hazard ratio. In bold, p<0.05; adjusted by: *ypN and T; **T; ***CS and ****ypN and awith no adjustment variables; £: Insufficient sample size 
for the calculation
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prognosticators in RCB-II and RCB-III tumors, equivalent to 
pathological staging II and III, and similar to that reported by 
Symmans et al. (19), Hamy et al. (24) and Yau et al. (25).

This study, therefore, corroborates the founding results reported by 
Symmans et al. (18), Symmnas et al. (19), Hamy et al. (24) and Yau 
et al. (25), with an increase in the chance of distant BC progression 

with increasing RCB scores in the whole study population and in sub-
groups with some different molecular BC subtypes, as well as with the 
risk of recurrence and death.

The survival analyses confirm the findings reported by Symmans et al. 
(19), Hamy et al. (24) and Yau et al. (25), indicating better survival 
rates in patients without RD or with minimal RD and differences 

Table 5. Crude and adjusted Cox analysis according to RCB classes and RCB index in the whole study population and for 

molecular breast cancer subtypes regarding overall survival

  cHR (95% CI) p aHR (95% CI) p

Whole study population (n = 562)

RCB classesa

0 (n = 68) Ref. Ref.

I (n =36) 1.4 (0.3–6.3) 0.655 1.5 (0.3–6.5) 0.632

II (n = 287) 3.5 (1.3–9.7) 0.015 3.4 (1.3–9.5) 0.018

III (n = 171) 8.1 (2.9–22.1) <0.001 7.2 (2.6–19.8) <0.001

RCB index (as a continuous variable)b 1.8 (1.5–2.1) <0.001 1.7 (1.5–2.0) <0.001

Luminal A*** (n = 94)

RCB classes

0 (n = 2) Ref. Ref.

I (n = 1) £ £ £ £

II (n = 57) £ £ £ £

III (n = 34) £ £ £ £

RCB index (as a continuous variable) 5.2 (1.7–16.0) 0.004 5.2 (1.7–16.0) 0.004

Luminal B (n = 294)

RCB classes***

0 (n = 20) Ref. Ref.

I (n = 25) 1.3 (0.2–7.8) 0.768 1.3 (0.2–7.8) 0.768

II (n = 149) 1.6 (0.4–6.7) 0.542 1.6 (0.4–6.7) 0.542

III (n = 100) 4.2 (1.0–17.8) 0.046 4.2 (1.0–17.8) 0.046

RCB index (as a continuous variable)c 1.7 (1.3–2.1) <0.001 1.7 (1.3–2.1) <0.001

overexpressed HER2*** (n = 54)

RCB classes

0 (n = 15) Ref. Ref.

I (n = 4) 1.0 (*) 1 £ £

II (n = 28) £ 0.941 £ £

III (n = 7) £ 0.939 £ £

RCB index (as a continuous variable) 1.8 (1.2–2.8) 0.008 1.8 (1.2–2.8) 0.008

Triple negative (n = 120)

RCB classesd

0 (n = 31) Ref. Ref

I (n = 6) £ 0.981 £ 0.976

II (n = 53) 9.0 (2.1–38.2) 0.003 10.3 (2.3–45.4) 0.002

III (n = 30) 21.6 (5.1–91.9) <0.001 6.3 (1.1–37.9) 0.044

RCB index (as a continuous variable)*** 2.0 (1.6–2.5) <0.001 2.0 (1.6–2.5) <0.001 

CI: Confidence interval; RE: Estroger receptor; ypN: Pathological axilla; HER: Human epidermal growth factor receptor-type 2; RCB: Residual cancer burden; 
cHR: Crude hazard ratio; aHR: Adjusted hazard ratio. In bold, p<0.05; adjusted by: aT; T and bKi-67; cRE and Ki-67; dypN and T and ***without adjustment 
variables; £: Insufficient sample size for the calculation
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between molecular BC subtypes, with lower survival rates among 
patients with more aggressive BC.

As reported by Symmans et al. (18) and Romero et al. (26), positive 
axilla in the present study were inversely associated with DRFS. 
Similarly, some patients who achieved pCR following NAC evolved to 
recurrence or disease progression, indicating that they remained at risk 
of disease progression despite good responses.

Study Limitations

This study’s limitations include that it was a retrospective analysis, 
employing data from a single institution, with anatomopathological 
reports prepared by multiple pathologists. Furthermore, different 
chemotherapy regimens could not be assessed, as carried out by 
Symmans et al. (18) and Symmans et al. (19), as almost all patients 
(97.5%) underwent an anthracycline and taxane-based regimen. 
Moreover, the number of patients in the RCB classes for the luminal 
A and overexpressed HER-2 subtypes was insufficient to estimate 
specific DRFS, DFS and OS. Retrospectively obtaining the RCB 
did not interfere with its discriminatory power, and all patients were 
subjected to the same institutional routine. However, this is, to the 
best of our knowledge, the largest study to include patients treated 
in the Brazilian Unified Health System (SUS). Despite having mostly 
advanced CS, similar survival rates was detected, similar to the earlier 
studies, reinforcing previous findings and expanding the use of this 
tool the population served in the Brazilian SUS (18, 19, 22, 24-26).

The RCB index displayed predictive power when used as a continuous 
variable, comprising an independent prognostic factor for predicting 
distant progression, recurrence or death following NAC in the whole 
study population and in all molecular BC subtypes. The RCB classes 
in patients with luminal B subtype indicated a 4 to 5-fold increase 
in the risk of distant progression, recurrence, and death, which was 
significant only in RCB-III. In patients with TNBC, RCB classes 
demonstrated a 4 to 20-fold increase in the risk of distant progression, 
recurrence, and death, which was significant for RCB-II and RCB-III. 
Further investigations into the utility of RCB Index in the prognosis 
of patients with the luminal A and overexpressed HER-2 subtypes is 
required as the present study was unable to definitively demonstrate 
this, probably due to smaller subgroup sizes.
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Supplementary Figure 1. Kaplan-Meier survival curves. Distant recurrence-free survival - A: general population; B: luminal A; C: luminal B; D: 
overexpressed HER2; E: triple negative

RCB: Residual cancer burden; HER2: Human epidermal growth factor receptor 2
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Supplementary Table 1. Percentage of distant recurrence-free, disease-free and overall 5-year survival in the whole study 

population and for molecular breast cancer subtypes

RCB class     % (± SD)    

Total Luminal A   Luminal B   Overexpressed HER2 Triple negative   

Distant recurrence-free survival

0 93.6 (3.1) 100.0 (0.0) 85.0 (8.0) 100.0 (0.0) 93.6 (3.6)

I 85.8 (5.9) 100.0 (0.0) 83.2 (7.7) 75 (21.7) 100.0 (0.0)

II 77.4 (2.6) 96.5 (2.5) 78.0 (3.5) 66.9 (9.7) 58.1 (7.3)

III 53.4 (3.9) 76.2 (7.4) 55.1 (5.1) 38.1 (19.9) 24.4 (8.2)

Disease-free survival

0 93.7 (3.1) 100.0(0.0) 85.0 (8.0) 100.0 (0.0) 96.4 (3.5)

I 82.7 (6.4) 100.0 (0.0) 78.6 (8.5) 75 (21.7) 100.0 (0.0)

II 76.4 (2.6) 92.9 (3.4) 78.0 (3.5) 68.0 (9.4) 56.5 (7.3)

III 50.4 (3.9) 76.3 (7.3) 49.7 (5.1) 42.9 (17.8) 24.4 (8.2)

Overall survival

0 93.5 (3.1) 100.0 (0.0) 89.7 (6.9) 100.0 (0.0) 93 (4.8)

I 91.2 (4.9) 100.0 (0.0) 87.0 (7.0) 100.0 (0.0) 100.0 (0.0)

II 80.1 (2.4) 96.3 (2.6) 85.3 (3.0) 67.7 (9.5) 50.9 (7.5)

III 60.3 (3.8) 79.2 (7.0) 64.9 (4.9) 53.6 (20.1) 23.8 (8.2)

SD: Standard deviation; HER: Human epidermal growth factor receptor-type 2; RCB: Residual cancer burden
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Supplementary Table 2. Univariate risk analyzes in the general population and molecular breast cancer subtypes regarding 

distant recurrence-free survival

Total Luminal A Luminal B Overexpressed HER 2 Triple negative

Variables HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Mean age 1.0 (1.0–1.1) 0.201 1.0 (1.0–1.1) 0.576 1.0 (1.0–1.1) 0.200 1.0 (1.0–1.1) 0.234 1.0 (1.0–1.1) 0.201

Menopausal status

Post-menopausal 
(>50 y)

Ref. Ref. Ref. Ref. Ref.

Pre-menopausal 
(≤50 y)

1.2 (0.9–1.6) 0.360 0.6 (0.2–2.1) 0.442 1.4 (0.9–2.1) 0.117 0.6 (0.2–1.8) 0.350 0.9 (0.7–1.2) 0.360

Race/skin color

White Ref. Ref. Ref. Ref. Ref.

Non-white 1.0 (0.8–1.4) 0.908 4.2 (0.6–32.2) 0.172 1.1 (0.7–1.6) 0.870 0.5 (0.2–1.5) 0.215 1.0 (0.8–1.4) 0.908

Tumor size

T1/ T2 Ref. Ref. Ref. Ref. Ref.

T3 1.5 (1.0`–2.3) 0.049 2.2 (0.5–10.9) 0.335 2.0 (1.2–3.5) 0.014 * 0.961 1.5 (1.0 –2.3) 0.049

T4 2.2 (1.5–3.3) <0.001 3.5 (0.9–14.1) 0.075 1.9 (1.1–3.3) 0.022 3.0 (1.0–8.5) 0.046 2.2 (1.5–3.3) <0.001

Lymph nodes

N0 Ref. Ref. Ref. Ref. Ref.

N1 1.6 (1.1–2.2) 0.012 1.4 (0.4–5.1) 0.652 1.6 (1.0–2.4) 0.053 1.3 (0.4–3.8) 0.674 1.6 (1.1–2.2) 0.012

N2/N3 1.6 (1.0–2.6) 0.059 3.2 (0.8–13.2) 0.117 1.4 (0.7–2.8) 0.319 * 0.979 1.6 (1.0–2.6) 0.055

Estrogen receptor

Positive Ref. Ref. Ref. - -

Negative 1.6 (1.2–2.2) 0.003 0.1 (*) 0.802 2.2 (0.8–6.0) 0.127 - -

Progesterone receptor

Positive Ref. Ref. Ref. - -

Negative 1.8 (1.3–2.4) <0.001 3.1 (0.9–10.2) 0.068 1.7 (1.0–2.7) 0.037 - -

HER2

Negative Ref. - Ref. - -

Positive 0.9 (0.7–1.3) 0.647 - 1.2 (0.7–1.8) 0.556 - -

Ki-67

Low (≤14) Ref. - Ref. - Ref.

High (>14) 2.3 (1.4–3.6) 0.001 - 0.7 (0.3–1.8) 0.463 - 2.3 (1.4–3.6) <0.001

Histological grade

I/ II Ref. Ref. Ref. Ref. Ref.

III 1.4 (1.0–2.0) 0.032 0.1 (*) 0.614 1.2 (0.8–1.9) 0.454 0.9 (0.3–2.6) 0.784 1.5 (1.0–2.0) 0.032

Histological type

IDC Ref. Ref. Ref. Ref. Ref.

Other 0.9 (0.5–1.6) 0.632 2.6 (0.8–8.5) 0.126 2.6 (0.8–8.5) 0.126 0.1 (*) 0.711 0.9 (0.5–1.6) 0.632

Molecular subtype

Luminal A Ref. - - - -

Luminal B 2.8 (1.5–5.1) 0.001 - - - -

Overexpressed HER2 2.5 (1.2–5.3) 0.024 - - - -

Triple negative 4.2 (2.2–8.0) <0.001 - - - -
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Supplementary Table 2. Continued

Total Luminal A Luminal B Overexpressed HER 2 Triple negative

Variables HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Clinical staging

I/ II Ref. Ref. Ref. Ref. Ref.

III 1.9 (1.4–2.7) <0.001 1.9 (0.6–6.1) 0.265 1.8 (1.2–2.9) 0.007 1.5 (0.5–4.4) 0.440 1.9 (1.4–2.7) <0.001

Breast surgery

Mastectomy Ref. Ref. Ref. Ref. Ref.

Breast conserving 0.6 (0.4–1.0) 0.040 0.5 (0.1–3.9) 0.516 0.7 (0.4–1.3) 0.263 1.2 (0.3–5.5) 0.799 0.6 (0.4–0.9) 0.040

Axillary surgery

SLNB Ref. Ref. Ref. Ref. Ref.

SLNB + ALND 1.9 (0.9–3.7) 0.086 1.4 (0.3–6.7) 0.644 1.6 (0.7–3.9) 0.280 2.9 (0.4–20.5) 0.172 1.9 (0.9–3.7) 0.086

ALND 2.6 (1.6–4.2) <0.001 2.9 (0.4–20.5) 0.289 2.2 (1.2–4.2) 0.015 3.0 (0.2–48.8) 0.434 2.5 (1.6–4.2) <0.001

NAC regimen

Anthracyclic + Taxane Ref. Ref. Ref. Ref. Ref.

Other 1.1 (0.4–3.0) 0.845 0.1 (*) 0.802 1.2 (0.2–4.8) 0.826 7.8 (0.9–71.3) 0.067 1.1 (0.4–3.0) 0.845

ypT

pCR Ref. Ref. Ref. Ref. Ref.

T1 1.8 (1.0–3.5) 0.071 * 0.957 1.0 (0.4–2.0) 0.863 9.3 (1.1–80.0) 0.042 1.8 (1.0–3.5) 0.071

T2 4.3 (2.4–7.9) <0.001 1.2 (0.2–9.2) 0.875 2.7 (1.3–5.3) 0.006 21.0 (2.5–176.2) 0.005 4.3 (2.3–7.8) <0.001

T3/T4 5.5 (2.9–10.6) <0.001 0.5 (0.1–7.7) 0.605 2.7 (1.2–6.1) 0.020 16.6 (1.5–183.0) 0.022 5.5 (2.8–10.6) <0.001

YpN

N0 Ref. Ref. Ref. Ref. Ref.

N1 2.2 (1.5–3.2) <0.001 4.4 (0.9–22.6) 0.078 2.2 (1.3–3.7) 0.006 2.3 (0.7–7.8) 0.167 2.2 (1.5–3.2) <0.001

N2/ N3 4.0 (2.8–5.8) <0.001 8.3 (1.6–42.7) 0.012 3.7 (2.3–6.0) <0.001 3.6 (0.8–17.3) 0.108 4.0 (2.8–5.8) <0.001

RCB classes

RCB-0 Ref. Ref. Ref. Ref. Ref.

RCB-I 2.9 (0.8–10.4) 0.096 1.0 (*) 1.000 1.4 (0.4–6.0) 0.627 * 0.941 2.9 (0.8–10.4) 0.096

RCB-II 4.3 (1.6–11.8) 0.005 * 0.949 1.5 (0.5–5.0) 0.493 * 0.940 4.3 (1.6–11.8) 0.005

RCB-III 11.7 (4.3–31.8) <0.001 * 0.940 4.8 (1.5–15.5) 0.008 * 0.935 11.7 (4.3–31.8) <0.001

RCB index 1.9 (1.6–2.2) <0.001 2.6 (1.3–5.1) 0.008 1.8 (1.5–2.2) <0.001 2.2 (1.4–3.3) <0.001 1.9 (1.6–2.1) <0.001

HR: Hazard ratio; CI: Confidence interval; NAC: Neoadjuvant chemotherapy; SLNB: Sentinel lymph node biopsy; ALND: Axillary lymph node dissection; HER2: 
Human epidermal growth factor receptor 2; RCB: Residual cancer burden; pCR: Pathological complete response; only valid values used; In bold, p<0.05; *not 
calculated
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Supplementary Table 3. Univariate risk analyses in the whole study population and for molecular breast cancer subtypes 

regarding disease-free survival

Total Luminal A Luminal B Overexpressed 
HER-2

Triple negative

Variables HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Mean age 1.0 (1.0 –1.1) 0.201 1.0 (1.0–1.1) 0.614 1.0 (1.0–1.1) 0.191 1.0 (1.0–1.1) 0.231 1.0 (1.0–1.1) 0.756

Menopausal status

Post-menopausal (>50 y) Ref. Ref. Ref. Ref. Ref.

Pre-menopausal (≤50 y) 1.2 (0.9–1.6) 0.376 0.6 (0.2–2.1) 0.427 1.4 (0.9–2.1) 0.115 0.6 (0.2–1.8) 0.367 1.1 (0.6–1.9) 0.841

Race/skin color

White Ref. Ref. Ref. Ref. Ref.

Non-white 1.0 (0.7–1.4) 0.923 4.2 (0.6–32.5) 0.170 1.1 (0.7–1.6) 0.877 0.5 (0.2–1.5) 0.188 1.2 (0.7–2.3) 0.557

Tumor size 

T1/ T2 Ref. Ref. Ref. Ref. Ref.

T3 1.5 (1.0`–2.3) 0.059 2.2 (0.4–10.6) 0.352 2.0 (1.2–3.6) 0.014 * 0.960 0.9 (0.4–2.0) 0.805

T4 2.2 (1.5–3.2) <0.001 3.6 (0.9–14.2) 0.073 1.9 (1.1–3.3) 0.020 2.8 (1.0–8.0) 0.059 2.2 (1.1–4.5) 0.027

Lymph nodes

N0 Ref. Ref. Ref. Ref. Ref. 

N1 1.6 (1.1–2.2) 0.011 1.4 (0.4–5.0) 0.657 1.6 (1.0–2.5) 0.044 1.3 (0.5–3.9) 0.625 1.3 (0.7–2.5) 0.434

N2/N3 1.6 (1.0–2.6) 0.059 3.0 (0.7–12.5) 0.134 1.5 (0.7–2.8) 0.298 * 0.979 1.8 (0.8–4.0) 0.187

Estrogen receptor

Positive Ref. Ref. Ref. - -

Negative 1.6 (1.2–2.2) 0.003 0.1 (*) 0.804 2.1 (0.8–5.7) 0.152 - -

Progesterone receptor

Positive Ref. Ref. Ref. - -

Negative 1.8 (1.3–2.4) <0.001 2.9 (0.9–9.7) 0.080 1.7 (1.1–2.8) 0.034 - - 

HER2

Negative Ref. - Ref. - -

Positive 0.9 (0.7–1.3) 0.635 - 0.9 (0.6–1.4) 0.512 - - 

Ki67

Low (≤14) Ref. - Ref. - Ref.

High (>14) 2.3 (1.4–3.6) 0.001 - 0.8 (0.3–1.9) 0.515 - 2.1 (0.5–8.5) 0.324 

Histological grade

I/ II Ref. Ref. Ref. Ref. Ref.

III 1.5 (1.1–2.0) 0.029 0.1 (*) 0.617 1.2 (0.8–2.0) 0.428 0.9 (0.3–2.5) 0.754 1.2 (0.6–2.3) 0.610

Histological type

IDC Ref. Ref. Ref. Ref. Ref.

Outros 0.9 (0.5–1.6) 0.597 2.5 (0.8–8.2) 0.142 0.6 (0.2–1.6) 0.263 0.1 (*) 0.717 2.6 (0.8–8.5) 0.107

Molecular subtype

Luminal A Ref. - - - -

Luminal B 2.8 (1.5–5.1) 0.001 - - - -

Overexpressed HER2 2.5 (1.2–5.3) 0.022 - - - -

Triple negative 4.2 (2.2–7.9) <0.001 - - - -

Clinical staging

I/ II Ref. Ref. Ref. Ref. Ref. 

III 1.9 (1.4–2.7) <0.001 1.9 (0.6–6.0) 0.271 1.9 (1.2–2.9) 0.006 1.5 (0.5–4.2) 0.488 1.9 (1.0–3.5) 0.050
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Supplementary Table 3. Continued

Total Luminal A Luminal B Overexpressed 
HER-2

Triple negative

Variables HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Breast surgery 

Mastectomy Ref. Ref. Ref. Ref. Ref. 

Breast conserving 0.6 (0.4–1.0) 0.041 0.5 (0.1–4.0) 0.521 0.8 (0.4–1.3) 0.275 1.2 (0.3–5.5) 0.789 0.3 (0.1–0.8) 0.016

Axillary surgery

SLNB Ref. Ref. Ref. Ref. Ref.

SLNB + ALND 1.9 (0.9–3.8) 0.086 1.5 (0.3–6.8) 0.639 1.6 (0.7–4.0) 0.277 3.5 (0.2–56.5) 0.375 1.5 (0.3–8.0) 0.664

ALND 2.6 (1.6–4.2) <0.001 2.8 (0.4–19.6) 0.311 2.3 (1.2–4.2) 0.013 4.4 (0.6–33.9) 0.154 3.6 (1.3–10.0) 0.016

NAC regimen

Anthracyclic + Taxane Ref. Ref. Ref. Ref. Ref.

Other 1.1 (0.4–3.0) 0.885 0.1 (*) 0.804 1.2 (0.3–4.8) 0.827 5.1 (0.6–41.6) 0.131 0.4 (0.1–3.0) 0.371

ypT

PCR Ref. Ref. Ref. Ref. Ref.

T1 1.9 (1.0–3.5) 0.067 * 0.957 1.0 (0.5–2.1) 0.910 9.9 (1.2–84.8) 0.037 13.6 (1.8–105.4) 0.012

T2 4.3 (2.4–7.9) <0.001 1.2 (0.2–9.1) 0.882 2.8 (1.4–5.7) 0.005 17.4 (2.1–145.7) 0.008 21.5 (2.9–160.7) 0.003

T3/ T4 5.5 (2.9–10.6) <0.001 0.5 (0.1–7.6) 0.597 2.7 (1.2–6.1) 0.020 19.5 (1.8–215.2) 0.015 45.1(5.9–343.7)<0.001

ypN

N0 Ref. Ref. Ref. Ref. Ref.

N1 2.1 (1.5–3.1) <0.001 4.3 (0.8–21.9) 0.084 2.1 (1.3–3.6) 0.007 2.6 (0.8–8.4) 0.129 2.9 (1.4–6.0) 0.004

N2/ N3 4.2 (2.9–6.0) <0.001 8.3 (1.6–42.9) 0.011 3.9 (2.4–6.3) <0.001 4.9 (1.0–23.6) 0.046 11.0 (5.2–22.4)<0.001

RCB

RCB-0 Ref. Ref. Ref. Ref. Ref.

RCB-I 2.9 (0.8–10.3) 0.099 1.0 (*) 1.000 1.4 (0.4 –6.0) 0.626 * 0.913 * 0.975

RCB-II 4.3 (1.6–1.9) 0.005 * 0.949 1.5 (0.5–5.0) 0.489 * 0.912 17.0 (2.3–126.3) 0.006

RCB-III 11.8 (4.3–32.0) <0.001 * 0.940 5.0 (1.6–15.9) 0.007 * 0.904 41.7 (5.6–309.7) <0.001

RCB index 1.9 (1.6–2.2) <0.001 2.6 (1.3–5.2) 0.008 1.8 (1.5–2.2) <0.001 2.2 (1.5–3.3) <0.001 2.0 (1.6–2.5) <0.001

HR: Hazard ratio; CI: Confidence interval; NAC: Neoadjuvant chemotherapy; SLNB: Sentinel lymph node biopsy; ALND: Axillary lymph node dissection; HER2: 
Human epidermal growth factor receptor 2; pCR: Pathological complete response; only valid values used; In bold, p<0.05; *not calculated
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Supplementary Table 4. Univariate risk analyzes in the whole study population and for molecular breast cancer subtypes 

regarding overall survival

  Total    Luminal A Luminal B Overexpressed HER-2 Triple Negative

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Mean age 1.0 (1.0–1.1) 0.951 1.0 (0.9–1.1) 0.543 1.0 (1.0–1.1) 0.972 1.1 (1.0–1.1) 0.130 1.0 (1.0–1.1) 0.875

Menopausal status

Post-menopausal (>50 y) Ref.    Ref. Ref. Ref. Ref.

Pre-menopausal (≤50 y) 1.0 (0.7–1.4) 0.918 0.7 (0.2–2.6) 0.527 1.2 (0.7–2.0) 0.466 0.5 (0.2–1.7) 0.246 1.1 (0.6–2.0) 0.704

Race/skin color

White Ref. Ref. Ref. Ref. Ref.

Non-white 1.0 (0.7–1.4) 0.777 3.0 (0.4– 24.0) 0.302 1.0 (0.6–1.7) 1.000 0.6 (0.2–1.9) 0.363 1.1 (0.6–1.9) 0.894

Tumor size 

T1/ T2 Ref. Ref. Ref. Ref. Ref.

T3  1.3 (0.8–2.2) 0.258 6.6 (0.7–63.3) 0.103 1.4 (0.7–2.8) 0.354 *  0.963 1.0 (0.4–2.5) 0.806

T4  2.4 (1.6–3.6) <0.001 8.7 (1.0–74.3) 0.049 1.8 (1.0–3.5) 0.067 2.4 (0.7–7.8) 0.157 1.9 (1.0–3.9) 0.085

Lymph nodes

N0 Ref. Ref. Ref. Ref. Ref. 

N1 1.4 (1.0–2.1) 0.085 1.7 (0.4–8.3) 0.528 1.6 (0.9–2.7) 0.122 0.6 (0.2–2.0) 0.389 1.2 (0.7–2.4) 0.547

N2/N3 1.9 (1.1–3.1) 0.020 5.2 (1.1–25.5) 0.045 1.6 (0.7–3.6) 0.253 *  0.982 1.9 (0.9–4.3) 0.103

Estrogen receptor

Positive Ref. Ref. Ref. - -

Negative 2.5 (1.8–3.5) <0.001 0.1 (*)  0.830 3.5 (1.3–9.5) 0.017 - -

Progesterone receptor

Positive Ref. Ref. Ref. - -

Negative 2.4 (1.7–3.4) <0.001 3.1 (0.8–12.2) 0.116 1.7 (0.9–3.1) 0.093 - - 

HER2

Negative Ref.   - Ref. - -

Positive 0.9 (0.6–1.3) 0.391 - 1.0 (0.6–1.8) 0.964 - - 

Ki-67

Low (≤14) Ref. - Ref. Ref. Ref.

High (>14) 1.8 (1.1–3.0) 0.020 - 0.5 (0.2–1.2) 0.094 0.3 (0.1–1.2) 0.072 2.1 (0.5–8.5) 0.316   

Histological grade

I/ II Ref. Ref. Ref. Ref. Ref.

III 1.5 (1.0–2.1) 0.040 0.1 (*)  0.666 1.3 (0.7–2.3) 0.430 0.4 (0.1–1.6) 0.193 0.9 (0.5–1.6) 0.677

Histological type

ICD Ref. Ref. Ref. Ref. Ref.

Other 0.9 (0.5–1.8) 0.785 2.5 (0.6–9.8) 0.208 0.7 (0.2–2.2) 0.521 0.1(*)  0.736 2.2 (0.7–7.1) 0.185

Molecular subtype

Luminal A Ref. - - - -

Luminal B 2.3 (1.1–4.6) 0.021 - - - -

Overexpressed HER2 2.4 (1.0–5.8) 0.051 - - - -

Triple negative 5.8 (2.8–11.8) <0.001 - - - -

Clinical staging

I/ II Ref. Ref. Ref. Ref. Ref. 

III 2.1 (1.4–3.0) <0.001 2.5 (0.7–9.8) 0.208 2.0 (1.2–3.5) 0.015 1.4 (0.4–4.4) 0.629 2.0 (1.1–3.8) 0.030
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Supplementary Table 4. Continued

  Total    Luminal A Luminal B Overexpressed HER-2 Triple Negative

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Breast surgery

Mastectomy Ref. Ref. Ref. Ref. Ref. 

Breast conserving 0.5 (0.3–0.9) 0.023 0.4 (*)  0.422 0.7 (0.4–1.5) 0.379 0.7 (0.1–5.2) 0.691 0.3 (0.1–0.8) 0.014

Axillary surgery

SLNB Ref.     Ref. Ref. Ref. Ref.

SLNB + ALND 1.8 (0.8–4.2) 0.204 *   0.950 1.7 (0.6–5.0) 0.350 2.8 (0.4–22.3) 0.326 0.8 (0.1–7.0) 0.821

ALND 3.0 (1.7–5.4) <0.001 *   0.950 2.2 (1.0–4.8) 0.057 2.8 (0.2–45.2) 0.466 3.8 (1.4–10.7) 0.011

NAC regimen

Anthracyclic + Taxane Ref. Ref. Ref. Ref. Ref.

Other 1.5 (0.5–3.9) 0.477 0.1 (*)  0.830 0.9 (0.1–6.5) 0.910 12.7 (1.2–139.7) 0.038 0.8 (0.2–3.4) 0.793

ypT

pCR Ref. Ref. Ref. Ref. Ref.

T1 2.0 (0.9–4.4) 0.080 1.0 (*)  1.000 0.9 (0.3–2.3) 0.767 *  0.918 6.9 (1.5–31.1) 0.012

T2 4.9 (2.4–10.2) <0.001 *   0.948 2.5 (1.0–6.0) 0.044 *  0.911 11.7 (2.8–50.0) 0.001

T3/ T4 6.8 (3.1–15.0) <0.001 *   0.951 3.2 (1.2–8.4) 0.021 *  0.917 22.0 (5.0–97.8) <0.001

ypN

N0 Ref. Ref. Ref. Ref. Ref.

N1 1.7 (1.1–2.7) 0.018 *   0.925 1.4 (0.7–2.9) 0.387 2.3 (0.6–9.2) 0.240 2.8 (1.4–5.6) 0.005

N2/ N3 3.7 (2.5–5.4) <0.001 *   0.919 3.4 (1.9–5.9) <0.001 5.7 (1.1–29.1) 0.035 9.3 (4.6–19.0) <0.001

RCB class

RCB-0 Ref. Ref. Ref. Ref. Ref.

RCB-I 1.4 (0.3–6.3) 0.655 1.0 (*)  1.000 1.3 (0.2–7.8) 0.768 1.0 (*)  1.000 *  0.981

RCB-II 3.5 (1.3–9.7) 0.015 *   0.961 1.6 (0.4–6.7) 0.542 *  0.941 9.0 ( 2.1–38.2) 0.003

RCB-III 8.1 (2.9–22.1)  <0.001 *   0.951 4.3 (1.0–17.8) 0.046 *  0.939 21.5 (5.1–91.9) <0.001

RCB index 1.8 (1.5–2.1) <0.001 5.2 (1.7–16.0) 0.004 1.7 (1.3–2.1) <0.001 1.8 (1.2–2.8) 0.008 2.0 (1.6–2.5) <0.001

HR: Hazard ratio; CI: Confidence interval; NAC: Neoadjuvant chemotherapy; SLNB: Sentinel lymph node biopsy; ALND: Axillary lymph node dissection; HER2: 
Human epidermal growth factor receptor 2; RCB: Residual cancer burden; pCR: Pathological complete response; only valid values used; In bold, p<0.05; *not 
calculated
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Key Points

•	 This cross-sectional study assessed body image perception and emotional impact in 159 Pakistani women following mastectomy, using an adapted
body image scale.

•	 Two-thirds of participants reported some degree of body image disturbance, with strong associations between negative self-perception and feelings of
sadness, reduced confidence, and perceived loss of femininity.

•	 Time since surgery showed a near-significant effect on perception, while age and education were not significantly associated.

•	 The findings highlight the importance of culturally sensitive counseling and open discussion of body image in breast cancer care in Pakistan.

ABSTRACT

Objective: Mastectomy is a widely used surgical intervention for breast cancer in Pakistan, where late-stage diagnoses are common and breast-conserving 
options are often limited. While effective oncologically, mastectomy can significantly affect a woman's body image, emotional well-being, and social 
relationships. In Pakistan, sociocultural norms and limited reconstructive services further shape the post-mastectomy experience. This study aimed to assess 
self-perception, body image satisfaction, and related psychosocial impact in Pakistani women following mastectomy.

Materials and Methods: This descriptive cross-sectional study was conducted at the breast oncology clinic of the Sindh Institute of Urology and 
Transplantation, Karachi. A total of 159 post-mastectomy patients aged 18–65 years were surveyed using a structured, culturally adapted questionnaire 
based on the body image scale. Statistical analyses included chi-square testing and multinomial logistic regression to assess associations between body image 
perception and demographic or psychosocial variables. Internal consistency was confirmed (Cronbach’s alpha = 0.863).

Results: While 34% reported no change in body image perception, 66% reported varying degrees of change. Strong associations were identified between 
negative body image perception and feelings of reduced attractiveness, mirror discomfort, and spousal relationship changes (p<0.001). Multinomial 
regression confirmed these as significant predictors of reporting major body image change. Interest in breast reconstruction was low (15.7%), and although 
age and education were not significantly associated, time since surgery approached significance (p = 0.07).

Conclusion: A substantial proportion of Pakistani women experience emotional and psychosocial distress following mastectomy. These findings highlight 
the importance of early counseling, spousal support, and culturally sensitive body image discussions to promote long-term psychosocial recovery.

Keywords: Body image perception; breast cancer; mastectomy; Pakistan; patient satisfaction; psychosocial impact

Introduction

Breast cancer is the most frequently diagnosed malignancy among 
women globally, with over 2.3 million new cases and approximately 
685,000 deaths reported in 2020 (1). In Pakistan, the situation is 
particularly alarming, as one in nine women is projected to develop 
breast cancer during their lifetime (2). According to the International 
Agency for Research on Cancer, more than 30,000 new cases were 
recorded in Pakistan in 2022 alone (3). A significant proportion of 

these patients present with advanced-stage disease, necessitating 
mastectomy as a primary surgical intervention (4).​

Mastectomy, while effective in managing breast cancer, often leads 
to profound psychological and psychosocial consequences (5). The 
removal of one or both breasts can significantly impact a woman’s body 
image, self-esteem, and overall quality of life. Studies have documented 
that such physical alterations can result in body image disturbances, 
including feelings of diminished femininity and attractiveness. These 
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issues may persist long after treatment, affecting social reintegration 
and intimate relationships (6).

Research in various cultural contexts has highlighted the individualized 
and contextual nature of women’s experiences post-mastectomy. For 
instance, a study conducted in Sweden investigated life satisfaction 
and body image among women post-mastectomy, emphasizing 
the importance of understanding these experiences to improve 
quality of life (7). Similarly, studies in other regions have identified 
factors associated with body image dissatisfaction and self-esteem in 
mastectomized breast cancer survivors (8). However, there is a notable 
lack of data from Pakistan, where sociocultural factors such as modesty 
norms, familial roles, and societal expectations significantly influence 
women’s perceptions of illness and recovery. Open discussions 
about body image and psychological distress are often discouraged, 
potentially exacerbating the emotional burden following mastectomy. 
Moreover, access to breast reconstruction in Pakistan is limited due 
to financial constraints, lack of awareness, and insufficient surgical 
expertise (9).​

To address this gap, our study used a quantitative survey based on the 
body image scale (BIS), a validated instrument designed for assessing 
body image in cancer patients (7, 10). The BIS, which has been 
translated and linguistically validated across various cultural settings 

(11), provides a standardized framework for evaluating subjective 
constructs, enabling comparative analysis with other regional and 
global cohorts. By adapting the BIS to the Pakistani context, we aimed 
to capture nuanced perspectives on body image and life satisfaction 
among women following mastectomy.

Understanding women’s self-perception after mastectomy is important 
for developing culturally sensitive psychosocial interventions, 
particularly in Pakistan, where late-stage diagnoses and limited 
reconstructive options make mastectomy a frequent reality (12). This 
study therefore aimed to assess self-perception, including body image 
and life satisfaction, among Pakistani women post-mastectomy and 
to identify socio-demographic and clinical factors associated with 
negative perceptions. The findings are intended to guide tailored 
support services and enhance holistic, patient-centered care strategies 
within oncology settings.

Materials and Methods

This descriptive cross-sectional study was conducted at the breast 
oncology clinic of the Sindh Institute of Urology and Transplantation 
(SIUT), Karachi. A total of 159 post-mastectomy patients aged 
18–65 years were surveyed using a structured, culturally adapted 
questionnaire based on the BIS. The BIS is a 10-item validated tool 
for cancer patients assessing affective, behavioral, and cognitive aspects 
of body image. Each item is rated on a 4-point Likert scale, with 
higher scores indicating more severe dissatisfaction. The tool evaluated 
body image perception, self-confidence, emotional impact, and social 
relationships.

The study protocol was approved by the SIUT Institutional Review 
Board (approval no: SIUT-ERC-2025/A-543, date: 03.03.2025), and 
written informed consent was obtained from all participants prior to 
enrollment.

The sample size was calculated using the World Health Organization 
sample size calculator. Based on a previous estimate that 33.6% of 
patients experience body image disturbance following mastectomy 

[Phoosuwan and Lundberg (7)], with a 7% margin of error and a 95% 
confidence level, the minimum required sample size was found to be 
159 participants.

Eligible participants included all consenting female patients aged 18 to 
65 years who had undergone mastectomy (simple, modified radical, or 
radical) at SIUT and were attending regular follow-up appointments. 
Exclusion criteria included patients with metastatic disease, those 
who had undergone breast-conserving procedures (e.g., lumpectomy, 
quadrantectomy), male patients, individuals who were operated on 
outside of SIUT, and those who declined to participate.

Participants were recruited through convenience sampling and 
interviewed by the primary investigator using a structured, pre-tested 
questionnaire. The instrument collected demographic data, clinical 
history, and responses related to body image perception and the 
psychosocial impact of mastectomy on personal and interpersonal 
domains. To ensure data confidentiality and participant anonymity, 
all responses were coded, and patient identifiers were removed. Data 
verification processes, including double-entry techniques and secure 
digital storage, were employed to maintain data integrity.

Statistical Analysis

Statistical analysis was performed using SPSS, version 27.0 (IBM 
Corp., Armonk, NY, USA). Continuous variables such as age and time 
since surgery are reported as mean ± standard deviation. Categorical 
variables, including educational status, employment, self-confidence, 
and dissatisfaction with physical appearance, are presented as 
frequencies and percentages.

Internal consistency of the BIS was assessed using Cronbach’s alpha, 
which yielded a reliability coefficient of 0.863, indicating strong 
internal consistency. Stratification was performed based on age 
group, occupation, education level, and time since surgery to explore 
variations in outcomes. The chi-square test was used to examine 
associations between categorical variables, with a p-value of <0.05 
considered statistically significant. We note that the chi-square test 
assesses statistical association (or independence) between categorical 
variables and is appropriate in this context (McHugh ML. The chi-
square test of independence. Biochem Med (Zagreb). 2013;23(2):143-
149. doi:10.11613/BM.2013.018).

A multinomial logistic regression was conducted to explore factors 
associated with self-perceived changes in body image following breast 
surgery. The outcome variable was categorized into “Not at all,” “A 
little,” “Quite a bit,” and “Very much” change in BI self-perception. 
Predictor variables included sociodemographic characteristics (e.g., 
age group, education level, marital and employment status, and time 
since surgery) and psychosocial factors (e.g., feelings of attractiveness, 
sadness, mirror discomfort, and spousal relationship changes). 
Predictors were initially assessed via univariate analyses and then 
entered into a multivariate multinomial logistic regression model. 
Odds ratios (ORs) and 95% confidence intervals were calculated, and 
all statistical outputs were rounded to two decimal places.

The manuscript complies with the STROBE guidelines for reporting 
observational original research study.

Results

A total of 159 women who had undergone mastectomy were surveyed 
at the breast oncology clinic of SIUT. The highest representation was 326
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in the 41–50 age group (35.2%), followed by 31–40 years (26.4%) 
and 51–60 years (20.8%). Education levels varied, with 34.6% 
having no formal education and 27% completing primary education. 
Most participants were married (76.7%) and housewives (84.3%). 
Regarding the time since surgery, 45.9% had undergone mastectomy 
1–2 years prior, while 37.1% had surgery less than a year ago. 
Table 1 summarizes the sociodemographic and clinical characteristics 
of the participants.

Regarding body image perception, 34% of participants reported no 
change post-mastectomy, while 27% experienced mild change, 17% 
noted moderate change, and 21% indicated significant change. 
Feelings of decreased attractiveness were reported by 61%, while 42.1% 
experienced no emotional distress. Self-confidence was unaffected in 
57% of women, and over half (51.6%) had no difficulty looking at 
themselves in the mirror. Most women (66%) did not avoid social 
interaction, but 13.9% did. Around 35% reported changes in spousal 
relationships, while only 27.7% indicated changes with friends. About 
80% noticed no change in the behavior of others. Grouped Likert-
scale distributions for these responses are illustrated in Figure 1.

Approximately 15.7% expressed interest in breast reconstruction, 
while 45.3% did not prioritize it. Importantly, 43.3% of women 
emphasized the value of discussing body image as part of breast cancer 
treatment. These comparative perceptions are presented in bar chart 
format in Figure 2.

Table 2 presents the associations between demographic characteristics 
and self-perception of body image following mastectomy. The chi-
square test results showed no significant relationship between age 
group (p = 0.54) or education level (p = 0.90) and perceived changes in 
body image. However, the association between time since surgery and 
body image perception approached statistical significance (p = 0.07), 
suggesting a potential trend where time elapsed since mastectomy may 
influence how women perceive changes in their body image.

Table 3 displays the associations between psychosocial and emotional 
factors and post-mastectomy changes in body image perception. 
Strong statistical associations were observed with feeling less attractive 
or feminine (p<0.001), sadness and emotional distress (p<0.001), 
reduced self-confidence (p<0.001), and difficulty looking in the mirror 
(p<0.001). Additional associations were noted with social withdrawal 
(p = 0.06) and changes in spousal relationships (p<0.001), while shifts 
in the behavior of others or relationships with close friends did not 
reach statistical significance.

Multinomial logistic regression analysis revealed that feeling less 
attractive (OR = 10.07), mirror discomfort (OR = 1.78), and spousal 
relationship changes (OR = 1.92) were strong predictors of reporting 
“very much” change in body image perception. In contrast, higher 
education level was modestly associated with lower odds of substantial 
body image change (OR = 0.93), and sadness or emotional distress was 
also inversely associated (OR = 0.66). These results are summarized in 
Table 4.

Table 1. Socio-demographic characteristics of the participants

Variable Category Frequency (n) Percentage (%)

Age group (years)

Less than 20 3 1.9

21–30 8 5.0

41–50 56 35.2

31–40 42 26.4

51–60 33 20.8

More than 60 17 10.7

Education

No formal education 55 34.6

Elementary school 43 27.0

Middle/high school 37 23.3

College education 21 13.2

Post-graduate 3 1.9

Marital status

Married 122 76.7

Un-married 18 11.3

Widowed 15 9.4

Divorced 4 2.5

Employment
Home-maker 135 84.9

Employed 19 11.9

Unemployed 5 3.1

Time since surgery

Less than one year 59 37.1

1–2 years 73 45.9

3–5 years 22 13.8

More than 5 years 5 3.1
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Figure 1. Grouped Likert scale responses to psychosocial impact questions 

Figure 2. Bar chart of importance perceptions

Bar chart comparison of perceived importance of:

• Breast reconstruction

• Body image discussion during treatment across four response categories: Not at all, very little, quite a lot, very much
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Discussion and Conclusion

This study explored body image perception and its psychosocial 
impact in Pakistani women following mastectomy for breast cancer, 
offering insights into a relatively under-researched population. Using 
a culturally adapted, structured questionnaire based on the BIS, the 
study quantitatively assessed self-perception, emotional well-being, 
and interpersonal relationships, while identifying demographic 
variables associated with these outcomes.

The findings reaffirm that mastectomy continues to be a significant 
psychological event in the lives of breast cancer survivors. Although 
34% of women reported no change in body image perception, the 
majority experienced various degrees of distress, 27% mild, 17% 
moderate, and 21% significant, highlighting a spectrum of emotional 
responses. These outcomes are consistent with prior literature, 
including Phoosuwan and Lundberg (7), who found body image 
dissatisfaction closely associated with reduced life satisfaction among 
breast cancer patients, especially younger women and those with 
limited psychosocial support.

Our revised analysis showed that although age and education were 
not significant predictors of body image change, important trends 
emerged. Women with lower education were more likely to report 
mirror discomfort and diminished self-esteem, while younger 

patients tended to experience heightened emotional distress. These 
patterns mirror findings from studies conducted in Iran and Egypt, 
underscoring how educational background and life stage influence 
psychosocial recovery post-mastectomy (8, 13).

A notable contribution of this study is the strong statistical 
association found between body image change and specific emotional 
and interpersonal variables. Mirror discomfort, perceived loss of 
attractiveness, and spousal relationship changes emerged as the most 
robust predictors of reporting “very much” change in body image, 
based on multinomial logistic regression (14). These findings reaffirm 
that body image is not only an individual perception but is deeply 
embedded in interpersonal contexts (13).

The role of spousal relationships was particularly pronounced. 
A considerable number of participants reported changes in their 
intimate relationships following surgery, despite most indicating that 
overt behavior from others, including spouses, remained unchanged. 
This subtle emotional shift may reflect internalized anxieties rather 
than explicit rejection, a nuance that aligns with cultural norms of 
emotional restraint in Pakistani society (15). Familial support, in this 
context, may buffer visible social withdrawal while leaving underlying 
emotional needs unaddressed.

Table 2. Demographic associations with body image perception

Variable Chi-square statistic Degrees of freedom p-value

Age group 23.61 4 0.54

Education level 12.26 3 0.90

Time since surgery 23.60 3 0.07

Table 3. Psychosocial associations with body image perception

Psychosocial variable Chi-square statistic Degrees of freedom p-value

Feeling less attractive 151.52 3 <0.001

Sadness or distress 90.32 3 <0.001

Low self-confidence 67.98 3 <0.001

Mirror discomfort 76.77 3 <0.001

Social withdrawal 24.05 1 0.06

Spousal relationship changes 46.13 1 <0.001

Table 4. Predictors of body image change (regression analysis)

Predictor OR (very much) 95% CI lower 95% CI upper

Feeling less attractive 10.07 6.79 14.30

Mirror discomfort 1.78 1.20 2.60

Spousal relationship changes 1.92 1.30 2.90

Education level 0.93 0.85 1.02

Sadness or distress 0.66 0.50 0.85

OR: Odds ratio; CI: Confidence interval
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Reconstruction was a relatively low priority for many participants with 
only 15.7% expressing a strong interest, while nearly half prioritized 
disease remission over cosmetic or restorative goals. This finding 
resonates with prior studies indicating that cultural expectations, 
financial limitations, and fears about surgery can dampen interest in 
reconstruction, even when medically available (16).

Importantly, our analysis highlighted that body image is perceived 
less in physical terms and more through affective self-perception, 
with traits like character and resilience seen as core to identity. This 
has crucial implications for the design of psychosocial interventions 
in Pakistan. As Morales-Sánchez et al. (5) argue, culturally sensitive 
self-esteem enhancement strategies must reflect localized norms and 
personal identity frameworks rather than Western-centric ideals of 
physical recovery.

From a methodological perspective, the structured, face-to-face survey 
approach enabled richer data collection from a population often 
underserved in academic research. However, despite adapting the BIS 
for local use and confirming strong internal consistency, the lack of 
full psychometric revalidation may limit international comparability. 
Similarly, the absence of a preoperative psychological baseline remains 
a limitation in assessing true change (17).

Future studies should build on this foundation by employing 
longitudinal designs that track body image perception from diagnosis 
through long-term survivorship. Integration of fully validated tools and 
culturally adapted cognitive-behavioral interventions (18), especially 
those that include a couple’s counseling and uses mirror exposure 
therapy, may provide further benefit. Such approaches, shown to be 
effective in other regions, should be tested locally to inform policy 
and practice.

This study highlighted that while around a third of women from a 
single center in Karachi, Pakistan, report stability in body image 
and self-confidence after mastectomy, the majority reported varying 
degrees of emotional and psychosocial distress. Although no significant 
associations were found between body image perception and age or 
education, emotional distress, mirror discomfort, and changes in 
spousal relationships were strong predictors of perceived body image 
deterioration. The findings underscore the importance of integrating 
culturally sensitive counseling, early psychosocial intervention, and 
patient-centered discussions about body image into breast cancer care 
in Pakistan. These strategies are vital for improving emotional well-
being and supporting long-term recovery in resource-limited settings, 
like Pakistan.
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Introduction

Sentinel lymph node biopsy (SLNB) has been introduced as an 
effective and safe procedure to assess axillary lymph node status in 
patients with early breast cancer and clinically negative lymph nodes. 
SLNB with no further axillary lymph node dissection has been shown 
to reduce postoperative long-term morbidity without compromising 
local disease control (1-5).

The two most common methods used for intraoperative evaluation 
(IOE) of the sentinel lymph node include frozen section (FS) and 
imprint cytology (IC) (6-10). In primary surgery, detecting lymph node 
metastasis intraoperatively by IC alone has an estimated sensitivity of 
63%, ranging from 34% to 95%. In contrast, the sensitivity for FS is 
86% although this also varies widely from 44% to 99.8% (6, 11). Like 
any other assay, multiple factors influence the accuracy of results in 

Key Points

•	 Parameters such as the extent of metastasis, tumor subtype, and the use of neoadjuvant chemotherapy (NAC) in the intraoperative evaluation (IOE)
of sentinel lymph nodes (SLNs) affect the accuracy of the results.

• 	 Imprint cytology (IC) is considered an acceptable method for the IOE of SLNs in a primary surgery setting.

• 	 However, IC and frozen section are both recommended in the setting of a patient having received NAC.

ABSTRACT

Objective: Sentinel lymph node biopsy (SLNB) is a key procedure for evaluating axillary lymph node status in early breast cancer, offering lower morbidity 
than axillary lymph node dissection. Intraoperative evaluation (IOE) of sentinel lymph nodes (SLNs) with methods like frozen section (FS) and imprint 
cytology (IC) aid in making immediate surgical decisions, although IOE accuracy may vary due to several factors.

Materials and Methods: This retrospective study involved 2,528 patients with invasive breast cancer who underwent SLNB at a single institution from 
2012 to 2024. Primarily, IC was used for intraoperative assessment, while FS was selectively performed in certain cases, such as with suspicious macroscopic 
findings or after neoadjuvant chemotherapy (NAC). The final diagnosis relied on permanent sections with serial step-leveling and classification of metastasis 
size.

Results: IOE showed a sensitivity of 65.8% and specificity of 97% for detecting lymph node metastases. The combination of IC and FS yielded higher 
sensitivity (76.1%) compared to IC alone (64.1%), particularly for isolated tumor cells (ITC). Patients treated with NAC exhibited slightly lower IOE 
accuracy (83.8%) compared to those without NAC (85.9%). False negatives were more common in cases of micrometastasis, ITC, and invasive lobular 
subtype. Excluding micrometastasis and ITC significantly enhanced IOE accuracy.

Conclusion: The accuracy of intraoperative SLN evaluation is affected by size of the metastasis, tumor subtype, and prior NAC. While IC is acceptable for 
IOE, combining IC and FS is advised, especially in the setting of earlier NAC, to enhance accuracy for small metastatic foci.

Keywords: Breast cancer; intraoperative evaluation; neoadjuvant chemotherapy; sentinel lymph nodes
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the IOE of sentinel lymph nodes. Some factors include the evaluation 
method, quality of the IC or FS slides, the size of the metastasis, tumor 
type, whether the patient received treatment before surgery, and the 
experience of the pathologists interpreting the slides (12, 13). 

The aim of the present study was to assess the accuracy of IC and 
FS in the IOE of sentinel lymph nodes and investigate factors that 
contribute to low accuracy.

Materials and Methods

Patient Selection

A total of 2,528 patients with invasive breast cancer who underwent 
SLNB were selected through a database search at the Pathology 
Department of İstanbul Medical Faculty from 2012 to 2024. 
Clinicopathologic parameters, including patient age, histologic tumor 
type, pathologic tumor stage, size of nodal metastasis, and pathologic 
nodal stage, were obtained from patients records.

Intraoperative Evaluation

At our institution, the pathology department has a subspecialty 
practice model. However, IOEs are performed by pathologists from all 
subspecialties, including those in the breast subspecialty. Our standard 
intraoperative lymph node assessment procedure was used in all cases 
included in this study. Lymph nodes were serially sectioned into 2- to 
3- 3-mm-thick cross sections; ICs were performed by imprinting the 
whole cut surface on one side of all cross sections, with at least two IC 
slides performed on most of the lymph nodes; and tissue scraping of 
grossly suspicious areas was performed in some cases. Although the FS 
was not a part of the standard IOE procedure in our institution, in 
some situations, such as suspicious macroscopic findings, inadequate 
touch imprint preparation, and especially when the patient had 
undergone neoadjuvant chemotherapy (NAC), preferred to perform 
FSs in addition to ICs. IC and FS slides were stained with routine 
hematoxylin-eosin (H&E) stain and interpreted by a single pathologist 
assigned for FS service. 

Microscopic Evaluation

For the final diagnosis, H&E-stained, 3-step levels of the entire 
lymph node were assessed. An unstained level between the two H&E 
slides was retained for possible cytokeratin staining. The size of nodal 
metastasis was classified according to the eighth edition of the American 
Joint Committee on Cancer Staging System. Nodal metastases were 
classified as isolated tumor cells (ITC) (<0.2 mm), micrometastasis 
(>0.2 mm to <2 mm), or macrometastasis (>2 mm) (14).

Statistical Analysis

All data were analyzed using the Statistical Package for the Social 
Sciences (SPSS) software, version 21.0 (IBM Corp, Armonk, NY, 
USA). The χ2 and Fisher exact tests were applied for categorical 
variables, and the Mann-Whitney U test was used for continuous 
variables. Sensitivity, specificity, positive predictive values (PPV) and 
negative predictive values (NPV) respectively, and overall accuracy 
of IOE for detecting axillary lymph node metastases were calculated. 
A p<0.05 was considered significant in all comparisons. The lymph 
nodes with an intraoperative diagnosis of “atypical” were excluded 
from the statistical accuracy analysis. 

Results

The median (range) age of the 2,528 patients with invasive breast 
cancer who underwent SLNB was 52 (23–90) years. A total of 7,204 
lymph nodes were identified from the 2,528 cases, with a median 
number of lymph nodes of 2.85 (1–14) lymph nodes. Among the 
study group, 1,757 (69.5%) cases were invasive ductal carcinoma, 164 
(6.5%) cases were invasive lobular carcinoma, and 607 (24%) cases 
were another histological subtype. Of the patients, 645 (25.5%) were 
treated with NAC. The T stage of the cases (T1, T2, T3, T4) were 1,018 
(40.3%), 1,302 (51.5%), 178 (7%), and 30 (1.2%), respectively. Of 
the patients with intraoperative pathologic evaluation, 2,238 (88.5%) 
were evaluated with IC, and 290 (11.5%) were assessed with IC and 
FS. Of the 2,528 cases that underwent IOE, 2,161 (85.5%) were 
evaluated by non-breast pathologists, and 367 (14.5%) were assessed 
by breast pathologists.

Of the 2,528 cases examined in this study, 1,713 (67.8%) were 
interpreted as negative and 650 (25.7) as positive. In 165 (6.5%) 
patients, the IOE was reported as ‘atypical’ rather than benign or 
malignant. In the final diagnosis, 1,052 (41.6%) of 2,528 cases were 
positive for any tumor cells. Of the metastatic cases, 773 (73.5%) 
contained macrometastasis, 183 (17.4%) micrometastasis, and 96 
(9.1%) had ITC. The overall sensitivity, specificity, PPV, and NPV 
for identifying lymph node metastases was 65.8%, 99%, 97.9%, and 
80.7%, respectively. When micrometastasis and ITC were excluded 
from the analysis, sensitivity, specificity, PPV, and NPV of IOE for 
identifying lymph node metastases were 81.6%, 99%, 97.7%, and 
91.3%, respectively.

The sensitivity, specificity, PPV, and NPV rates of sentinel lymph 
nodes evaluated by IC alone were 64.1%, 99%, 97.5%, and 80.8%, 
respectively. In 290 (11.5%) patients evaluated by IC and FS, the 
sensitivity, specificity, PPV, and NPV were 76.1%, 100%, and 79.8%, 
respectively. In the IOEs performed only with IC, the correlation 
rates for macrometastasis, micrometastasis, and ITC were 80.7%, 
24.1%, and 11.1%, respectively. In the examination performed with 
IC and FS, the correlation rates were 86.2%, 29.4%, and 37.5%, 
respectively. In the IOE, the use of the FS method was significantly 
different only when detecting ITC (p = 0.037). The relationships 
of clinicopathological parameters with IOE and final diagnostic 
agreement are shown in Table 1. The distribution of cases according to 
the IOE method is shown in Figure 1.

IOE had a sensitivity of 67.3%, a specificity of 99%, and an accuracy 
of 83.8% in patients treated with NAC. In patients without NAC, 
IOE had a sensitivity of 65.2%, a specificity of 99%, and an accuracy 
of 85.9% (p = 0.206). The distribution of cases according to NAC 
status is shown in Figure 2.

The false-negative rate was 13.1% for IOE. Among 331 false-negative 
results, macrometastasis, micrometastasis, and ITC were identified in 
39.9%, 36.8%, and 23.3%, respectively. In sentinel lymph nodes with 
false negative results, micrometastasis and ITC, and invasive lobular 
subtype were observed at higher frequencies than in the whole cohort 
(p<0.001).

Of the 650 sentinel lymph nodes evaluated as positive in IOE, 14 
were false-positive. All these patients were evaluated with IC by a non-
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breast pathologist. A review of false-positive lymph node IC revealed 
reactive changes, including histiocytes and multinucleated giant cells 
from a prior biopsy site or regression site associated with NAC. Finally, 
of the 165 (6.5%) sentinel lymph nodes interpreted as atypical, 80 
(48.5%) were interpreted as negative in permanent sections. Of these 
165 patients, 85 (51.5%) were treated with NAC, and 135 (81.8%) 
were evaluated with IC.

Discussion and Conclusion

Intraoperative sentinel lymph node assessment to detect metastatic 
breast carcinoma has become the standard of care not only to avoid 
unnecessary axillary lymph node dissection but also to eliminate 
reoperation for completion of axillary lymph node dissection (14).

In previous studies, the overall sensitivity and specificity of IOE for the 
identification of sentinel lymph node metastases were reported to be 
40–86% and 97–100%, respectively (15-19). In the present study, the 
overall sensitivity and specificity of IOE for identifying sentinel lymph 
node metastases were 65.8% and 97%, respectively.

Despite the variable accuracy, many pathologists, particularly those 
familiar with cytology preparations, prefer IC as it is technically easier 
to perform and offers a faster turnaround time. Another reason IC may 
be favored over FS is because it is technically challenging to cut fatty 
lymph nodes, and FS can deplete tissue and, therefore, possibly miss 
smaller metastasis. In a previous study (14), the sensitivity of IC was 
37.5%, specificity was 100%, and NPV was 90.2%. In the literature, 

Table 1. Comparison of pathologic and clinical parameters between concordant and discordant cases in intraoperative 

evaluation

All patients**  
(n = 2,363) (%)

Concordant result  
(true pos+true neg) (n = 2,018) (%)

Discordant result (false 
neg+false pos) (n = 345) (%) p

Age (mean) 52.01 52.18 51.01 0.077

Histologic subtype

     Ductal 1,651 (69.9) 1,404 (85) 247 (15)

0.002     Lobular 145 (6.1) 112 (77.2) 33 (22.8)

     Other 567 (24) 502 (88.5) 65 (11.5)

Neoadjuvant chemotherapy

     No 1,803 (76.3) 1,549 (85.9) 254 (14.1)
0.206

     Yes 560 (23.7) 469 (83.8) 91 (16.3)

T stage

     T1 963 (40.8) 832 (86.4) 131 (13.6)

0.374
     T2 1,212 (51.3) 1,023 (84.4) 189 (15.6)

     T3 161 (6.8) 140 (86.9) 21 (13.1)

     T4 27 (1.1) 23 (85.2) 4 (14.8)

N stage

     N0 1,443 (61.1) 1,361 (94.3) 82 (5.7)

<0.001
     N1 690 (29.2) 443 (64.2) 247 (35.8)

     N2 175 (7.4) 161 (92) 14 (8)

     N3 55 (2.3) 53 (96.4) 2 (3.6)

IOE methods

     IC 2,103 (89) 1,790 (85.1) 313 (14.9)
0.267

     IC+FS 260 (11) 228 (87.7) 32 (12.3)

Type of metastasis

     Macrometastasis 716 (30.4) 584 (81.6) 132 (18.4)

<0.001     Micrometastasis 162 (6.8) 40 (24.7) 122 (75.3)

     ITC 89 (3.8) 12 (13.5) 77 (86.5)

Evaluating pathologist

     Breast pathologist 346 (14.6) 298 (86.1) 48 (13.9)
0.678

     Non-breast pathologist 2,017 (85.4) 1,720 (85.3) 297 (14.7)

IOE: Intraoperative evaluation; IC: Imprint cytology; FS: Frozen section; ITC: Isolated tumor cells;

** Intraoperative diagnosis of “atypical” (n = 165) were excluded from the statistical analysis
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the reported sensitivity of IOE using IC varies between 34% and 95% 
(6, 15-19). In another study, IC alone had a sensitivity of 66.7% and 
specificity of 100%; FS alone had a sensitivity and specificity of 100%; 
and combined IC and FS had a sensitivity and specificity of 100% and 
96%, respectively (20). In the present study, IC alone had a sensitivity 
of 64.1% and specificity of 99%; combined IC and FS had a sensitivity 
and specificity of 76.1% and 100%, respectively.

IOE of sentinel lymph node metastasis in patients treated with NAC 
can be challenging due to therapy effects. It has been suggested that 
the quality of IC preparations may decrease due to low cellularity 
and fibrosis after neoadjuvant treatment (21). In a study conducted 
after NAC, the sensitivity of IC was 61.8%, specificity and PPV were 

100%, NPV was 82.4%, and accuracy was 86.3% (22). The sensitivity 
of IOE in the NAC setting in our study is within the range (38.6% 
to 87.9 %) reported by other studies (23-27). Our analysis revealed a 
lower accuracy rate for IOE of sentinel lymph nodes in patients treated 
with NAC (83.8%) compared with patients who had not received 
NAC (85.9%), even though the specificity was high in both settings.

According to clinical guidelines, patients with limited sentinel lymph 
node involvement may not require completion axillary lymph node 
dissection. Therefore, the ability to detect tumor deposits smaller than 
2 mm must be balanced with its clinical benefit (28-30). The accuracy 
of IOE detecting metastases irrespective of the prior treatment status 
is much higher when micrometastasis and ITC are excluded from the 
analysis (23, 30). Our study also showed that IOE has a much higher 

Figure 2. The distribution of cases according to neoadjuvant chemotherapy status

ITC: Isolated tumor cells

Figure 1. The distribution of cases according to the intraoperative evaluation method

ITC: Isolated tumor cells
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accuracy in detecting metastases when micrometastasis and ITC are 
excluded from the analysis.

Metastasis of invasive lobular carcinoma is known to have high false 
negative rates. Two previous studies have demonstrated high false 
negative rates for invasive lobular carcinoma for IOE of sentinel 
lymph node (14, 23). In general, the IOE of sentinel lymph nodes 
in invasive lobular carcinoma cases has lower sensitivity and accuracy 
than invasive ductal carcinomas in the present study.

The major strength of this study was that it included a large cohort 
of patients treated over a long period by varying grades of breast 
surgeons, and patient demographics were consistent with the breast 
cancer population. The limitations of our study were that it was non-
randomized and retrospective.

In conclusion, parameters such as the size of the metastasis, tumor 
subtype, and presence of NAC in the IOE of sentinel lymph nodes 
affect the accuracy of the results. IC is considered an acceptable 
method for the IOE of sentinel lymph nodes in the primary surgery 
setting, while IC and FS are both recommended in the NAC setting.
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Key Points

•	 Serum steroidogenic acute regulatory-related lipid transfer domain 3 (STARD3) levels were significantly lower in both breast and prostate cancer
patients compared to healthy controls.

• 	 No significant correlation was found between STARD3 levels and tumor markers or clinical parameters in either cancer group.

• 	 This is the first study to evaluate serum STARD3 levels simultaneously in breast and prostate cancer.

ABSTRACT

Objective: Cancer cells exhibit high metabolic demands and rely heavily on lipid metabolism for proliferation and membrane synthesis. Lipid transfer 
proteins, particularly the steroidogenic acute regulatory-related lipid transfer domain 3 (STARD3), play a significant role in intracellular cholesterol 
transport and may influence cancer progression. The aim of this study was to investigate serum STARD3 levels in patients with breast and prostate cancer 
and compare them with healthy controls, along with lipid parameters.

Materials and Methods: Patients with breast cancer (women) and prostate cancer (men) were recruited together with a control group matched by 
age-range and sex. Serum samples were collected, and STARD3 levels were measured using a commercial ELISA kit. Lipid parameters and tumor markers 
(carbohydrate antigen 15-3, prostate-specific antigen) were also evaluated.

Results: A total of 200 individuals were enrolled: 50 female breast cancer patients, 50 male prostate cancer patients, and 100 healthy controls. STARD3 
levels were significantly lower in both breast cancer (p = 0.045) and prostate cancer (p<0.001) groups compared to controls. However, no significant 
correlation was found between STARD3 levels and other biochemical parameters or tumor stage in either cancer group.

Conclusion: The results suggest that STARD3 may play a role in the pathogenesis of both hormone-related cancers, although the mechanism remains 
unclear. Given the limited studies evaluating STARD3 in both breast and prostate cancers simultaneously, our findings contribute novel data to the literature 
and may guide future research into the diagnostic or prognostic potential of STARD3 in oncology.

Keywords: Breast cancer; lipids; prostate cancer; STARD3

Introduction

Cancer is one of the leading causes of death in developed countries. 
Cancer cells exhibit an accelerated metabolic rate and require a 
continuous supply of cholesterol for cell division and membrane renewal 
(1). As tumors grow or metastasize, they trigger new lipid synthesis 
in order to adapt for future environmental conditions (2). Lipids 
play essential roles in metabolism, cellular homeostasis, and various 
biological activities. In normal tissue, lipogenesis is primarily limited to 

hepatocytes and adipocytes. However, cancer cells activate lipogenesis 
in response to their high metabolic demands or to the lack of serum-
derived lipids in the tumor microenvironment, even in the presence of 
exogenous lipid sources (3). In addition to the metabolic and structural 
functions of lipids, they also act as intracellular and intercellular 
signaling molecules. Membrane phospholipids are hydrolyzed by 
phospholipases into lipid mediators (e.g., diacylglycerol, phosphatidic 
acid, lysophosphatidic acid, and arachidonic acid). Some of these, such 
as arachidonic acid, are further converted into prostaglandins and 
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leukotrienes through the cyclooxygenase and lipoxygenase pathways, 
respectively. These bioactive lipids are secreted by cancer cells and 
function as autocrine or paracrine mediators, regulating various cellular 
processes involved in tumor development and metastasis, including 
proliferation, migration, invasion, and angiogenesis (4, 5).

Recent studies have shown characteristic changes in lipid parameters 
between patients with invasive breast cancer and those with benign 
breast tumors. These alterations are also observed in patients with 
different molecular subtypes of breast cancer (6). The metastatic 
potential of cancer cells is influenced by processes, such as fatty acid 
synthesis, oxidation, and intracellular lipid storage. These metabolic 
changes are important for metastasis of breast and prostate cancers 
(7, 8). High-density lipoprotein (HDL) exhibits functions including 
cholesterol efflux, and has antioxidant and anti-inflammatory 
properties. Through these effects, HDL may reduce oxidative stress, 
inflammation, and cholesterol content in tumor cells, thereby affecting 
their proliferation (9). Cancer cells may be capable of synthesizing 
cholesterol or acquiring it through low-density lipoproteins (LDL). 
Hormone-dependent tumors, such as prostate and breast cancers 
require cholesterol for proliferation (10).

Lipid transfer proteins (LTPs) are involved in the distribution of 
cholesterol between organelles. Among LTPs, certain members of the 
steroidogenic acute regulatory-related lipid transfer (START) protein 
family regulate cholesterol transport across organelles. Changes in their 
expression levels are involved in various diseases, including cancers. 
One membrane-targeted START protein, StAR-related lipid transfer 
domain-3 (STARD3), has been proposed as a regulator of cholesterol 
accumulation in endosomes and its inter-organelle distribution (1). 
The possible molecular mechanism by which STARD3 contributes 
to tumorigenesis is through the transport of cholesterol across 
mitochondrial membranes (11). Some researchers have hypothesized 
that STARD3 may be involved in the transfer of cholesterol from 
late endosomes to the endoplasmic reticulum and subsequently to 
mitochondria via mitochondria-associated membranes (12). Although 
the precise molecular mechanism remains unclear, current evidence 
suggests that high STARD3 expression affects membrane cholesterol 
accumulation, which may contribute to cancer aggressiveness. 
Amplification or overexpression of STARD3 in cancer may induce 
the movement of lysosomal cholesterol to mitochondria, potentially 
promoting the progression of hormone-driven cancers, such as breast 
and prostate cancers, by triggering independent steroidogenesis (1, 
13). Most cells acquire cholesterol from plasma via LDL receptor-
mediated endocytosis. STARD3, one of the cholesterol transporters 
in late endosomes/lysosomes, contributes to the transport of late 
endosomal/lysosomal cholesterol to other cellular compartments (14).

As STARD3 is a key protein in cholesterol trafficking in cancer cells, 
assessing its activity has recently gained interest. In the present study, 
serum STARD3 protein levels were measured in patients diagnosed 
with breast and prostate cancer, as well as in healthy controls, using 
ELISA analysis, and the lipid profiles of these three groups were 
compared with a focus on STARD3.

Materials and Methods

Study Population

This study included 50 female patients diagnosed with breast cancer 
and 50 male patients diagnosed with prostate cancer between August 

and December 2024. The control group consisted of healthy individuals 
(50 females and 50 males) within the same age range. Individuals 
with a history of cancer, systemic chronic diseases (chronic heart 
disease, chronic lung disease, chronic kidney failure, and liver disease), 
malabsorption disorders (celiac disease or radiation enteritis), thyroid 
and parathyroid diseases, those receiving hormone replacement therapy, 
individuals with psychiatric disorders, alcohol users, and pregnant 
women were excluded from the control group. The participants’ total 
cholesterol, LDL, HDL, triglyceride levels, and preoperative tumor 
markers, specifically carbohydrate antigen 15-3 and prostate-specific 
antigen were evaluated. The study was conducted in accordance 
with the principles of the Declaration of Helsinki and approved 
by the Yozgat Bozok University Ethics Committee (protocol code: 
2024-GOKAEK-247_2024.07.17_99, date: 17.07.2024). Informed 
consent was obtained from all subjects involved in the study.

ELISA Analysis

Fasting venous blood samples were taken in the morning (7:00–8:00 
a.m.). Blood samples were collected in a 5 mL serum-separating vacuum 
tube and centrifuged at 3000 rpm for 10 minutes to separate the serum. 
The obtained serum samples were stored at −20 °C until further analysis. 
Serum STARD3 levels were measured using a commercially available 
ELISA kit (Cat. No. E7700Hu, Bioassay Technology Laboratory, 
Zhejiang, China), with a measurement range of 0.63 ng/mL to 40 
ng/mL. The optical density values of the samples and standards were 
measured at 450 nm using the Thermo Scientific (USA) Multiscan Go 
Microplate Reader. The results were expressed in ng/mL.

Statistical Analysis

Statistical analyses were performed using SPSS, version 20 (SPSS Inc., 
Chicago, IL, USA). The normality of continuous variables was assessed 
using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Categorical 
variables between groups were analyzed using the chi-square test or 
Fisher’s exact test. Comparisons between groups were conducted 
using the Student’s t-test for normally distributed data and the Mann-
Whitney U test for non-normally distributed data. Correlation analysis 
was performed using Pearson’s test for normally distributed data and 
Spearman’s test for non-normally distributed data. A p-value of less 
than 0.05 was considered statistically significant.

Results

The demographic characteristics, laboratory results, preoperative 
tumor markers, and ELISA findings of the study groups are presented 
in Table 1 and Table 2. When the groups were statistically compared, 
no significant differences were found in age and cholesterol levels 
between the breast cancer and control groups, nor in age and glucose 
levels between the prostate cancer and control groups (p>0.05). 
However, other parameters showed statistically significant differences 
between the groups (p<0.05).

The breast cancer group had significantly lower levels of serum 
STARD3 compared to the control group (p = 0.045) (Table 1, Figure 
1). Moreover, the prostate cancer group also had significantly lower 
levels of serum STARD3 compared to the control group (p<0.001) 
(Table 2, Figure 2).
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Correlation analysis of STARD3 serum levels in the breast and prostate 
cancer patient groups found no significant correlations between 
STARD3 and other parameters, age, lipid profile components, 
glucose, hemoglobin A1c or tumor markers, in either group (Tables 
3, 4). The relationship between cancer stage and STARD3 was 
also analyzed. In the breast cancer group, since the variances were 
homogeneously distributed (p = 0.203), a one-way ANOVA test was 
performed, but no significant difference was found in STARD3 levels 
between cancer stage groups (p = 0.851). In the prostate cancer group, 
the variances were not homogeneously distributed (p<0.001), and thus 
the non-parametric Kruskal-Wallis test was used, which also showed 
no significant difference (p = 0.103).

Discussion and Conclusion

The present study is the first to evaluate serum STARD3 levels in 
breast and prostate cancer patients in relation to lipid parameters. We 
found that STARD3 levels were significantly lower in both the breast 
and prostate cancer groups compared to healthy controls. However, no 
significant association was found between lipid levels and STARD3.

In a recent study, higher levels of total cholesterol, LDL-C, and 
triglycerides (TG) were statistically associated with negative expression 
of estrogen receptor (ER) and progesterone receptor, positive human 
epidermal growth factor receptor 2 (HER2) status, non-luminal 
subtypes, and solitary lesions. Low HDL-C levels were linked 
specifically to negative ER expression. Tumors from patients with 
high LDL-C and low HDL-C levels exhibited a higher nuclear grade. 
Furthermore, patients with elevated TG and reduced HDL-C levels 
presented with more advanced disease stages, whereas total cholesterol 
and LDL-C levels showed no significant association with cancer 
stage (15). Johnson et al. (16) demonstrated through locus-specific 
Mendelian randomization analyses targeting HDL- and LDL-related 
genes that increased HDL and LDL levels may have a direct effect on 
breast cancer risk. Ossoli et al. (9) reported that HDL may inhibit 
LDL-induced cell proliferation by reducing intracellular cholesterol 
content in prostate cancer cell lines, suggesting that cholesterol plays 
a key role in prostate cancer progression. These findings highlight the 
therapeutic potential of targeting cellular cholesterol homeostasis as 
a strategy to suppress tumor growth. Another study found that high 
total serum cholesterol was associated with an increased risk of high-
grade prostate cancer, while no association was observed between 
cholesterol levels and the risk of overall or low-grade prostate cancer. 
Interestingly, elevated serum HDL was linked to a higher risk of both 

Table 1. Demographic, laboratory, tumor marker, and STARD3 results and comparisons between breast cancer patients 

and healthy individuals

Groups

Control (n = 50) Breast cancer (n = 50) p

Age (year) 56.34±6.76 (57.0) 55.67±14.75 (55.0) 0.863

STARD3 (ng/mL) 15.20±7.89 (12.65) 13.04±8.23 (11.65) 0.045

HDL (mg/dL) 54.02±17.47 (48.3) 32.69±11.97 (33.0) <0.001

LDL (mg/dL) 136.24±38.18 (129.22) 169.13±49.86 (174.5) 0.002

Cholesterol (mg/dL) 217.35±42.62 (217.1) 217.10±56.97 (215.0) 0.921

TG (mg/dL) 143.70±62.52 (138.4) 238.77±67.09 (229.0) <0.001

Glucose (mg/dL) 110.69±49.90 (97.7) 127.98±31.47 (130.0) <0.001

HbA1C (%) 6.22±1.13 (6.11) 6.35±0.53 (6.4) 0.006

CA15-3 (U/mL) 58.87±65.45 (38.8)

Stage of cancer, n (%)

Stage 1 11 (22)

Stage 2 15 (30)

Stage 3 12 (24)

Stage 4 12 (24)

STARD3: StAR-related lipid transfer domain-3; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; TG: Triglyceride; HbA1c: Hemoglobin A1c; CA15-
3: Carbohydrate antigen 15-3. The results are expressed as frequency (%), mean±standard deviation and median (interquartile range). Significant p (<0.05) 
values are in bold

Figure 1. Distribution of serum STARD3 levels between the breast 
cancer group and the control group

STARD3: StAR-related lipid transfer domain-3
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overall and high-grade prostate cancer, while serum LDL levels showed 
no significant correlation with prostate cancer risk (17). In both breast 
and prostate cancer patients, LDL and TG levels were significantly 
higher and HDL levels significantly lower compared to healthy 
controls. Moreover, total cholesterol levels were notably elevated in the 
prostate cancer group. The significantly decreased levels of STARD3 
observed in our cohort suggest that this protein may play a role in lipid 
metabolism and that its expression could be suppressed during tumor 
development.

According to the 2022 GLOBOCAN report, breast cancer is the second 
leading cause of cancer-related death among women in the United 
States (18). A significant proportion of breast cancer patients experience 

recurrence and frequently develop metastases. HER2 overexpression is 
present in approximately 15% to 20% of breast cancers and is generally 
associated with an increased risk of developing systemic metastases and 
poor survival outcomes (19). The STARD3 gene has been reported to 
be co-amplified with HER2 in breast carcinoma. STARD3 is essential 
for cholesterol transport and metabolism in tumor cells. It has been 
demonstrated that STARD3 expression is significantly associated 
with HER2+ breast cancer tumors and breast cancer cell lines, while 
low levels of STARD3 mRNA and protein expression have been 
observed in ER-positive and triple-negative breast cancer patients 
(20). Lodi et al. (21) found that STARD3 expression was strongly 
associated with pathological complete response in a cohort of 112 
patients with HER2+ breast cancer. They suggested that identifying 
STARD3 overexpression in baseline biopsies of HER2+ tumors may 
provide additional value in managing a subgroup of patients who 
are less likely to achieve a pathological response. Vassilev et al. (22) 
reported that STARD3-overexpressing cells exhibited non-adherent 
morphological characteristics and altered cholesterol homeostasis. In a 
study conducted in Finland, approximately 10% of breast cancer cases 
displayed high STARD3 protein levels that were strongly associated 
with HER2 amplification. Furthermore, the results provided evidence 
that STARD3 overexpression leads to increased cholesterol biosynthesis 
in breast cancer cells. This suggests that high STARD3 expression 
may contribute to the aggressiveness of breast cancer by increasing 
membrane cholesterol and enhancing oncogenic signaling. Analysis of 
a total of 136 samples obtained from 85 female breast cancer patients 
showed that STARD3 overexpression enhanced the prognostic power 
of HER2 overexpression in predicting disease-free survival (23). 

Table 2. Demographic, laboratory, tumor marker, and STARD3 results and comparisons between prostate cancer patients 

and healthy individuals

Groups

Control (n = 50) Prostate cancer (n = 50) p

Age (year) 57.95±6.49 (58.0) 58.08±7.27 (58.0) 0.776

STARD3 (ng/mL) 16.95±8.85 (13.22) 10.79±8.65 (8.98) <0.001

HDL (mg/dL) 42.02±10.05 (39.6) 34.92±12.14 (35.0) 0.021

LDL (mg/dL) 115.35±35.17 (110.88) 150.64±50.98 (134.0) 0.002

Cholesterol (mg/dL) 191.86±39.97 (188.6) 215.18±55.56 (220.0) 0.025

TG (mg/dL) 179.06±92.02 (161.0) 254.58±68.51 (262.5) <0.001

Glucose (mg/dL) 125.69±65.17 (104.0) 119.92±36.06 (107.0) 0.621

HbA1C (%) 5.85±0.58 (5.8) 6.31±0.62 (6.3) <0.001

PSA (ng/mL) - 66.29±161.35 (16.8) -

Stage of cancer, n (%)

Stage 1 28 (52)

Stage 2 4 (8)

Stage 3 6 (12)

Stage 4 5 (10)

Stage 5 7 (14)

STARD3: StAR-related lipid transfer domain-3; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; TG: Triglyceride; HbA1c: Hemoglobin A1c; PSA: 
Prostate-specific antigen. The results are expressed as frequency (%), mean ± standard deviation and median (interquartile range). Significant p (<0.05) 
values are in bold

Figure 2. Distribution of serum STARD3 levels between the prostate 
cancer group and the control group

STARD3: StAR-related lipid transfer domain-3



343

Korucu et al. Serum STARD3 Levels in Breast and Prostate Cancer

Malignant breast cancer tissues were found to have higher levels of 
STARD3 immuno-expression compared to normal tissues. STARD3 
is strongly correlated with HER2+ breast cancer, suggesting that it may 
serve as a potential biomarker for this cancer subtype (24).

The prostate is an organ regulated by androgens. Androgens exert 
three main effects on prostate cells: they promote proliferation; 
support differentiation; and inhibit programmed cell death or 
apoptosis (25). When reviewing the limited number of published 
studies concerning prostate cancer and STARD3, a linear correlation 
has been identified between STARD3 expression and the expression 
of CYP17, an enzyme involved in the steroid biosynthesis pathway. 
In prostate cancer, the expression of STARD3 and CYP17 may lead 
to steroidogenesis through continuous cholesterol transfer to the 
mitochondria and increase androgen biosynthesis through the catalytic 
activity of cytochrome CYP17. Therefore, dysregulated expression of 
STARD3 and CYP17 is associated with poor prognosis in prostate 
cancer patients (26). Another study showed that high mitochondrial 
cholesterol levels could inhibit apoptotic cell death in various cancer 
types, thereby potentially driving tumor progression (22). STARD3 
overexpression in cancer may support the development of hormone-
dependent cancers, such as prostate cancer, by promoting independent 
steroidogenesis. High STARD3 levels in prostate cancer patients 

are associated with metastasis, local recurrence, and shorter overall 
survival. For these reasons, STARD3 is considered a potential oncogene 
for which the first inhibitor has already been reported (1).

Study Limitations

This study has certain limitations. First, it was conducted at a 
single center with a limited sample size, which may restrict the 
generalizability of the results. Second, STARD3 levels were assessed 
only in serum via ELISA, providing no information regarding tissue-
level expression or cellular localization. Lastly, although the study 
evaluated the correlation between STARD3 levels and the lipid profile, 
other potential metabolic pathways and molecular mechanisms were 
not investigated.

In conclusion, the current literature on STARD3 remains limited. 
Although recent studies have explored the relationship between STARD3 
and cancer, there are no studies that have simultaneously evaluated 
STARD3 in both breast and prostate cancer cases. In this context, our 
research provides unique data and may serve as an important resource 
for future investigations. Future studies with larger patient cohorts, 
inclusion of tissue-based analyses, and long-term follow-up data will 
help to better elucidate the role of STARD3 in cancer biology.

Table 3. Correlation coefficient values in the breast cancer patient group

  STARD3 Age HDL LDL Cholesterol TG Glucose HbA1C CA15-3

Age 0.102 1.000              

HDL -0.184 -0.130 1.000            

LDL 0.155 0.172 0.074 1.000          

Cholesterol 0.149 0.069 -0.204 -0.137 1.000        

TG 0.026 -0.246 0.215 -0.178 -0.046 1.000      

Glucose 0.036 -0.142 0.087 0.021 0.065 0.101 1.000    

HbA1C 0.128 0.063 -0.117 0.187 -0.017 -0.131 0.492** 1.000  

CA15-3 -0.231 0.050 -0.093 -0.122 -0.260 -0.145 -0.138 0.295* 1.000

Stage 0.172 -0.153 -0.055 -0.087 0.017 0.046 -0.026 -0.013 0.063

**: Correlation was significant at the 0.01 level (2-tailed); *: Correlation was significant at the 0.05 level (2-tailed); STARD3: StAR-related lipid transfer 
domain-3; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; TG: Triglyceride; HbA1c: Hemoglobin A1c; CA15-3: Carbohydrate antigen 15-3

Table 4. Correlation coefficient values in the prostate cancer patient group

  STARD3 Age HDL LDL Cholesterol TG Glucose HbA1C PSA

Age -0.068 1.000              

HDL -0.104 -0.027 1.000            

LDL -0.081 0.169 0.193 1.000          

Cholesterol -0.147 -0.240 0.114 0.140 1.000        

TG 0.054 0.039 -0.103 0.067 -0.194 1.000      

Glucose -0.034 0.133 0.329* 0.083 0.075 -0.151 1.000    

HbA1C 0.006 0.100 0.437** 0.336* 0.038 -0.045 0.786** 1.000  

PSA 0.170 0.241 -0.014 0.044 0.059 0.046 0.077 0.111 1.000

Stage 0.275 0.149 0.158 -0.127 -0.004 -0.385** 0.100 0.020 0.263

**: Correlation was significant at the 0.01 level (2-tailed); *: Correlation was significant at the 0.05 level (2-tailed); STARD3: StAR-related lipid transfer 
domain-3; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; TG: Triglyceride; HbA1c: Hemoglobin A1c; PSA: Prostate-specific antigen
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Key Points

• 	 The ropporin-1 gene (ROPN1) overexpression is linked to worse overall survival, especially in triple negative or basal-like breast cancer.

•	 High ROPN1 levels predict poor prognosis in both chemotherapy-treated and untreated patients.

•	 ROPN1 expression inversely correlates with DNA methylation and it is known that hypomethylation is associated with adverse outcomes.

•	 In vitro, cisplatin, doxorubicin, and paclitaxel variably modulated ROPN1 expression in different cancer cell lines with increased expression levels in
some cell lines, suggesting therapy resistance.

•	 Treatment with 5-aza-2′-deoxycytidine or trichostatin-A led to increased ROPN1 expression.

ABSTRACT

Objective: The ropporin-1 (ROPN1) gene, initially linked to sperm motility, is differentially expressed in triple negative breast cancer (TNBC), suggesting 
a role in tumor progression and therapy resistance. To characterize ROPN1 expression in breast cancer and evaluate its association with clinicopathological 
features, survival, and treatment response as a translational biomarker.

Materials and Methods: Data from The Cancer Genome Atlas (1,087 patients), Sweden Cancerome Analysis Network-Breast (3,273 patients), and 
geodatabases were analyzed. ROPN1 transcriptional levels were assessed in relation to clinical variables and survival. Chemotherapy agents and epigenetic 
modulators were tested in cell lines to evaluate ROPN1 regulation.

Results: Transcriptional overexpression of ROPN1 was significantly enriched in TNBC/basal-like tumors (p<0.0001) and correlated with reduced overall 
survival, particularly in basal cases [hazard ratio (HR) = 1.85; 95% confidence interval (CI): 1.02–3.33; p = 0.041]. Patients treated with chemotherapy and 
exhibiting high ROPN1 levels had unfavorable prognosis, with an even poorer profile in untreated cohorts (HR = 4.55; 95% CI:  1.33–14.29; p = 0.01). 
Hypomethylation at cg00101712 (HR = 0.59; p = 0.016) and cg09298623 (HR = 0.49; p = 0.0014) CpG sites were associated with worse survival at 5 years 
follow-up, underscoring epigenetic regulation of this pathway as a key driver of poor outcomes. Furthermore, in vitro treatment with cisplatin, doxorubicin, 
and paclitaxel resulted in variable responses, with a significant reduction of ROPN1 in HCC70 and HS578T cell lines, while BT549 and MDA-MB-231 
cell lines showed notable increases.

Conclusion: ROPN1 overexpression in TNBC/basal-like tumors suggests a role as a prognostic biomarker and predictor of post-chemotherapy resistance. 
Investigation of ROPN1 expression in breast tumors may lead to alternative strategies targeting pro-metastatic pathways and improve precision treatment 
for aggressive breast cancer.
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Introduction

Breast cancer remains the most commonly diagnosed malignancy 
in women, comprising 24.5% of cases with over 2.3 million new 
diagnoses annually, and is the leading cause of female cancer death 
(685,000 deaths in 2020) (1). The incidence of breast cancer is higher 
in developed countries, reflecting both lifestyle factors and advanced 
screening, whereas delayed diagnosis and limited therapy access drive 
elevated mortality in low- and middle-income regions (2, 3). By 2040, 
cases are projected to exceed 3 million, with over 1 million deaths (4). 

From a molecular perspective, breast cancer is a heterogeneous disease 
classified into distinct subtypes based on gene expression profiles and 
biomarker presence. The main molecular subtypes include luminal A 
and B tumors, which express estrogen receptor (ER) and progesterone 
receptor (PR) in various combinations; human epidermal growth 
factor receptor 2 (HER2)-enriched tumors, which are characterized 
by the overexpression of HER2; and triple-negative breast cancer 
(TNBC), which lacks ER/PR/HER2 expression (5). Molecular 
classification has been shown to be critical for therapeutic guidance 
and prognosis since HER2-positive and TNBC tumors typically 
exhibit more aggressive behavior and differential treatment responses 
(6). Owing to the heterogeneity of TNBC, Lehmann et al. (7) 
proposed a TNBC sub-classification system comprising six subtypes: 
basal-like 1/2, mesenchymal/mesenchymal-like, luminal androgen 
receptor (LAR), and an immunomodulatory group, each displaying 
unique molecular profiles with variability in prognosis/treatment 
sensitivity; some show increased chemotherapy responsiveness, whereas 
others are correlated with increased relapse risk. Another widely 
used classification, prediction analysis of microarray 50 (PAM50), 
categorizes breast cancers into luminal A/B, HER2-enriched, basal-
like or normal-like subtypes, using a 50-gene transcriptional panel. 
This framework is clinically relevant because it provides insights into 
tumor behavior and aids in therapeutic decision-making (8). Although 
TNBC is frequently considered synonymous with the basal subtype, 
studies indicate an approximately 80% overlap between these two 
categories. This high correlation suggests that different classification 
techniques may lead to distinct interpretations of tumor behavior. 
However, given their significant molecular and clinical similarities, it is 
common for findings from TNBC-focused studies to be extrapolated 
to basal subtypes and vice versa. This widely adopted practice arises 
because researchers often access distinct datasets, some of which are 
based on immunohistochemical classification (TNBC) and others 
on transcriptional profiling (basal). Thus, extrapolation serves as a 
pragmatic tool to broaden the applicability of results despite limitations 
in standardized classification methods (9).

The TNBC/basal subtype represents the most challenging entity in 
oncological management and is characterized by complex molecular 
heterogeneity, the absence of specific therapeutic targets, high 
aggressiveness, elevated recurrence rates and reduced five-year overall 
survival (OS). Despite these therapeutic hurdles, recent advances in 
targeted immunotherapy with poly (ADP-ribose) polymerase (PARP) 
inhibitors and combination approaches have emerged as promising 
strategies (10). In this context, bioprospecting through “omics” data 
analysis has become an important auxiliary strategy, contributing 
to novel diagnostic/prognostic biomarker identification, mapping 
underexplored oncogenic pathways and uncovering potential molecular 
targets, thereby offering innovative perspectives for understanding this 
tumor subtype (11). 

The ropporin-1 (ROPN1) gene was initially identified as a regulator 
of sperm motility and was first described in human and murine 
testicular tissues. Current annotations indicate that it encodes a 
protein predominantly expressed in male reproductive tissues, with 
functional roles linked to sperm flagellum axoneme formation (12). 
Subsequent studies revealed ROPN1 expression in diverse reproductive 
tissues at relatively low levels (13, 14). In the context of breast cancer, 
transcriptomic data suggest differential ROPN1 expression patterns 
between normal and tumor tissues, with overexpression associated 
with aggressive malignancies, particularly TNBC subtypes. While the 
exact mechanistic contribution of ROPN1 to tumorigenesis remains 
incompletely understood, its established roles in cellular motility 
pathways may facilitate invasive/metastatic processes (13).

Materials and Methods

Identification of ROPN1

GSE76275 was interrogated via GEO2R (15, 16) to identify DEGs 
between TNBC and non-TNBC using Benjamini-Hochberg-adjusted 
p<0.05 and |log2FC|≥1.5. ROPN1, among the most dysregulated, was 
selected for focused TNBC expression and functional analyses.

The Cancer Genome Atlas (TCGA) Data Analysis

TCGA Firehose Legacy data (n = 1108) were retrieved via cBioPortal, 
excluding 12 male patients, five without age and four without ROPN1 
expression data, yielding 1087 female cases. ROPN1 levels were merged 
with clinicopathological data and PAM50 calls from Xena by barcode 
(17). Cases were dichotomized at the median into low (≤median) and 
high (>median) groups. Categorical associations used χ²; continuous 
data were log-transformed to z-scores (RNA-Seq V2 RSEM), tested 
for normality (Shapiro-Wilk) and analyzed by Student’s t/ANOVA or 
Mann-Whitney/Kruskal-Wallis. HM450 β-values at the ROPN1 locus 
were compared across PAM50 subtypes and correlated with expression 
via Spearman’s test.

Study Methodology: Sweden Cancerome Analysis Network-Breast 
(SCAN-B) Analysis

RNA-seq from SCAN-B [GSE96058; n = 3,678; n = 3,273 tumors 
after excluding replicates/NAs; median follow-up 52 months (18)] 
were processed in R (gtsummary) (19). ROPN1 expression was again 
dichotomized at the median; Wilcoxon rank-sum and χ² tests assessed 
clinicopathological associations. Optimal cut-offs were derived via 
survminer residual-minimization (20) to generate Kaplan-Meier 
curves and Cox models (survival package; p<0.05), with analyses 
stratified by basal subtype and chemotherapy status.

GEO Database Analysis

Five GEO datasets (GSE76275, GSE21653, GSE32646, GSE18864, 
GSE43358) were retrieved and analyzed via GEO2R to compare 
ROPN1 probe-specific expression (224191_x_at, 231535_x_at, 
233203_at) between groups. Post-analysis outputs were exported and 
plotted in GraphPad Prism 9 boxplots with consistent scaling and 
outlier thresholds to visualize cohort-wise expression differences.

Functional Enrichment Analysis and Protein-Protein Interaction 
Network

To elucidate ROPN1’s molecular interactions, we performed 
comprehensive correlation analyses via cBioPortal followed by gene 
selection for subsequent protein-protein interaction (PPI) network 
modeling, using STRING-db (https://www.string-db.org/). The 
selected genes were subjected to rigorous PPI network construction and 
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pathway enrichment analysis with a stringent interaction confidence 
threshold (≥0.4) to ensure biological relevance (21). Using STRING-
db, potential PPI interaction networks were mapped followed by 
visualization and computational refinement through Cytoscape 3.10.1 
(www.cytoscape.org/). 

MethSurv

MethSurv is an R Shiny web portal that uses TCGA CpG beta values 
(0–1) to perform univariate and multivariate survival analyses with 
built-in visualization and clustering, with no coding or extra software 
required (22). In the present study, MethSurv was used to assess 
survival outcomes using the invasive breast cancer dataset from TCGA, 
incorporating ROPN1 as a focal point of our analyses.

Cell Line Culture and Treatment

MCF10A (ATCC CRL-10317) cells were maintained in 1:1 DMEM/
F12 supplemented with 5% horse serum, 0.5 μg/mL hydrocortisone, 
10 μg/mL insulin, 20 ng/mL EGF and 100 ng/mL cholera toxin. 
Hs578T (ATCC HTB-126), MDA-MB-231 (ATCC HTB-26), SK-
BR-3 (ATCC HTB-30), HCC70 (ATCC CRL-2315), MCF7 (ATCC 
HTB-22), BT-474 (ATCC HTB-20) and BT-549 (ATCC HTB-
122) were cultured in DMEM or RPMI 1640 with 10% FBS and 
1% penicillin-streptomycin. All lines were incubated at 37 °C, 5% 
CO2, with medium renewed every 48 h until 50–60% confluence. 
Mycoplasma testing was performed before and after experiments; 
subcultures used 0.25% trypsin-EDTA.

Concentrations of 5-aza-2′-deoxycytidine (5-aza) and trichostatin 
A (TSA) were set by Alamar Blue assays to avoid morphological or 
growth alterations. Cisplatin, doxorubicin and paclitaxel were applied 
at ½ IC50 [CancerRxGene (23)]; SK-BR-3 dosing was performed 
as described by Hai et al. A single 6 Gy fraction was delivered via 
an RS2000 irradiator with Gafchromic dosimetry, followed by 48 h 
recovery and RNA isolation (SV Total RNA, Promega).

cDNA was synthesized from 2 µg RNA (High-Capacity Kit, Thermo 
Fisher) and quantitative polymerase chain reaction (qPCR) performed 
(SYBR Green, Applied Biosystems 7500) using primers for ROPN1 
(NM_001394219.1; F: 5′-CCAAAGCCGCCATTAGGGT-3′, 
R: 5′-GGCTGCCCACTGGATGAG-3′) and GAPDH 
(NR_152150.2; F: 5′-GACTGTGGTCATGAGTCCTCCC-3′, R: 
5′-CAAGATCATCAGCAATGCCTCC-3′). Relative expression was 
normalized to GAPDH and calculated by ΔΔCt in triplicate.

Statistical Analysis

Statistical analysis was performed using specialized software. This 
included SPSS, version 25.0 (IBM Inc., Armonk, NY, USA) and 
GraphPad, version 7 (California, USA). Data normality was assessed 
by Shapiro-Wilk test. Categorical variables were compared using χ² 
test; continuous variables employed Student’s t-test or ANOVA for 
normally distributed data and Mann-Whitney or Kruskal-Wallis tests 
otherwise. Associations were evaluated by Spearman’s (non-parametric) 
rank correlation. Survival outcomes were estimated via Kaplan-Meier 
curves with log-rank testing and multivariate hazard ratios (HRs) 
calculated by Cox proportional hazards regression. All tests were two-
tailed with significance defined as p<0.05.

Results

Differences Observed in TCGA Data

It was observed that high ROPN1 expression was significantly 
associated with key clinical and pathological characteristics. Patients 

in the high ROPN1 subgroup were more frequently premenopausal 
(p = 0.0027) and exhibited a predominance of hormone receptor-
negative tumors (ER-/PR-, p<0.0001) and HER2-negative status 
(p<0.0001). Furthermore, high ROPN1 expression levels were 
strongly correlated with basal-like and normal-like subtypes based 
on the PAM50 classification (p<0.0001). Among patients with 
TNBC, the majority exhibited high ROPN1 expression (p<0.0001). 
Differences in histological type were significant (p = 0.0013), whereas 
TNM staging did not show significant variation between groups (p = 
0.2276) (Table 1).

 

Table 1. Clinicopathological characteristics of patients 

with breast cancer derived from the TCGA database and 

their associations with ROPN1 expression levels

Variables Low High p

n n

Age

≤50 132 24.30 201 37.00 <0.0001

>50 412 75.70 342 63.00

Menopause status

Pre 101 20.60 129 26.70 0.0027

Peri 13 2.60 27 5.60

Post 377 76.80 327 67.70

Cancer type detailed

IDC 418 77.00 383 70.50 0.0013

ILC 80 14.70 126 23.20

Other 45 8.30 34 6.30

TNM stage

Stage 1 80 15.00 100 18.80 0.2276

Stage 2 309 58.10 307 57.80

Stage 3 131 24.60 117 22.00

Stage 4 12 2.30 7 1.30

ER status by IHC

Negative 44 8.60 194 37.00 <0.0001

Positive 469 91.40 330 63.00

PR status by IHC

Negative 113 22.10 228 43.60 <0.0001

Positive 398 77.90 295 56.40

HER2 status by IHC

Negative 250 70.00 308 85.10 <0.0001

Positive 107 30.00 54 14.90

PAM50 classification

Basal 5 1.10 135 35.20 <0.0001

HER2 45 9.90 22 5.70

Luminal A 243 53.60 173 45.20

Luminal B 158 34.90 31 8.10

Normal-like 2 0.40 22 5.70  
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The pattern of ROPN1 expression was analyzed in different 
clinicopathological contexts, as illustrated in the graphs (Figure 1A-
F). In each graph, the expression of ROPN1 was compared among 
subgroups with distinct clinical characteristics and significant 
variations emerged. ROPN1 mRNA expression was higher in ER-
negative, PR-negative, and HER2-positive tumors compared with 
their opposite counterparts (all p<0.0001; Figure 1A-C). Expression 
varied by menopausal status (p = 0.0171; Figure 1D) and was elevated 
in invasive ductal carcinoma versus other histological types (p = 
0.0126) (Figure 1E). Basal-like tumors showed the highest ROPN1 
levels among molecular subtypes (p<0.0001) (Figure 1F). Inverse 
correlation between ROPN1 mRNA levels and promoter methylation 
was observed in unstratified TCGA breast tumors (Figure 2A; r = 
−0.41; p<0.0001) and was stronger in basal-like tumors (Figure 2B; 

r = −0.55; p<0.0001). Stratification by clinical subtype highlighted 
significantly lower methylation in basal-like versus HER2-enriched, 
luminal A/B and normal-like tumors (Figure 2C, D). Survival analysis 
via MethSurv showed that hypermethylation at cg00101712 and 
cg09298623 correlated with improved prognosis [Figure 2E; HR = 
0.59; 95% confidence interval (CI): 0.38–0.92; p = 0.016; Figure 2F; 
HR = 0.49; 95% CI: 0.31–0.78; p = 0.0014]. 

Global correlation via cBioPortal identified 14,462 ROPN1-associated 
genes; the top 20 positive and 20 negative correlates were input into 
STRING to generate a PPI network (Figure 2G). Positively linked 
nodes included ROPN1B, SOX10, FABP7, SOSTDC1, SFRP1, 
BCL11A, FOXC1 and MIA; negatively linked nodes comprised BCAS1, 
GATA3, AR, ARMT1, FOXA1, XBP1, WWP1, ESR1 and TMBIM6. 
STRING enrichment highlighted glandular morphogenesis and 
hormonal response pathways, prostate gland epithelium and glandular 
acinus development; branched and epithelial tube morphogenesis; and 
cellular response to estrogenic stimuli, underscoring the interplay of 
gland architecture and hormone signaling in breast cancer progression 
(Figure 2H).

Prognostic Insights from the SCAN-B Study on ROPN1 Expression 
in Breast Cancer

SCAN-B RNA-seq data recapitulated TCGA associations: High (n 
= 1,636) versus low (n = 1,637) ROPN1 expression groups differed 
in age ≤55 y (36%; p<0.001), tumor size ≤17 cm (56%; p<0.001), 
ER+ (89% versus 96% and PR+ 84% versus 90%; p<0.001), luminal 
A enrichment in high expression (55%) and luminal B/HER2 in 
low expression (p<0.001), endocrine therapy use in high ROPN1 
expression  (71%; p<0.001) and chemotherapy in low expression 
(62%; p = 0.031) groups; nodal status was comparable (63% negative; 
p>0.9) (Supplementary Table1).

Figure 1. ROPN1 expression patterns in different clinical-pathological contexts of breast cancer. The graphs show comparisons of ROPN1 
expression among subgroups for (A) estrogen receptor, (B) progesterone receptor, (C) HER2, (D) menopausal status, (E) histological type, and 
(F) molecular subtypes according to the PAM50 classification. Dunn’s multiple comparisons test was applied, and differences between the 
basal and HER2, luminal A or luminal B subtypes were significant (p<0.0001), whereas only the difference between the basal and normal-like 
subtypes was not significant (p = 0.2751)

ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epidermal growth factor receptor type II; Peri: Perimenopausal; Pre: Premenopausal; Post: 
Postmenopausal; IDC: Invasive ductal carcinoma; ILC: Invasive lobular carcinoma; B: Basal; H: HER2; LA: Luminal A; LB: Luminal B; N: Normal-like

Table 1. Continued

Variables Low High p

n n

TNBC status

nTNBC 496 98.2 356 76.9 <0.0001

TNBC 9 1.8 107 23.1

ER: Estrogen receptor; HER2: Human epidermal growth factor receptor 2; 
IDC: Invasive ductal carcinoma; IHC: Immunohistochemistry; ILC: Invasive 
lobular carcinoma; PAM50: Prediction analysis of microarray 50 (50-gene 
panel used for molecular classification); Peri: Perimenopausal; Post: 
Postmenopausal; PR: Progesterone receptor; Pre: Premenopausal; TNBC: 
Triple-negative breast cancer; TNM: Tumor, node, metastasis (staging 
system for tumor size, lymph node involvement, and metastasis); TCGA: 
The Cancer Genome Atlas
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ROPN1 mRNA was elevated in ER−, PR− and HER2− tumors  
(all p<0.0001), and in tumors with high Ki-67 staining (p = 0.0191), as 
well as in tumors in which endocrine therapy was not used (p<0.0001). 
Expression was highest in basal and HER2-enriched subtypes, 
decreasing through luminal A and B and normal-like (p<0.0001), 
indicating an association with aggressive phenotypes (Supplementary 
Figure 1).

High ROPN1 expression predicted poorer OS in SCAN-B (Figure 
3A; HR = 2.17; 95% CI: 1.61–2.94; p<0.0001), with a pronounced 
effect in basal tumors (Figure 3B; HR = 1.85; 95% CI: 1.02–3.33; p 
= 0.041). In chemotherapy-treated patients, high ROPN1 remained 
adverse (Figure 3C; HR = 2.86; 95% CI: 1.28–6.25; p = 0.01), and in 
untreated patients the mortality risk was even higher (Figure 3D; HR 
= 4.55; 95% CI: 1.33–14.29; p = 0.01). 

Probes 224191_x_at (Figure 3E), 231535_x_at (Figure 3F) and 
233203_at (Figure 3G) showed consistent ROPN1 overexpression 
in TNBC versus non-triple negative subtypes across GSE76275, 
GSE21653, GSE32646, GSE18864 and GSE43358, underscoring its 
association with invasive tumor phenotypes.

Transcriptional Modulation of ROPN1 in Breast Cancer Cell Lines

After culturing non-tumoral mammary tissue cell lines and other 
representative malignant phenotypes were cultured, total RNA 
extraction was performed for reverse transcription-qPCR analysis. 
When MCF10A was used as a reference, SKBR3 and MCF7 cells 
exhibited ROPN1 expression levels that were more than 2,000 times 
greater. The BT474, HS-578T, BT549, and MDA-MB-231 lines 
expressed increases ranging from 0.5 to approximately 60 times. 
Notably, among those analyzed, HCC70 demonstrated a ROPN1 
expression level over 7,000 times greater than that of MCF10A, 

Figure 2. Methylation profile of ROPN1 in breast cancer patients. (A) Correlation between ROPN1 mRNA levels and methylation in a 
population of breast cancer patients. (B) Specific correlation for the basal subtype of breast cancer, where the negative correlation is more 
pronounced. (C) Methylation pattern of ROPN1 according to the PAM50 classification. (D) Comparison of ROPN1 methylation in the clinical 
profiles of basal and non-basal breast cancer patients. (E) OS analysis based on the methylation pattern of the ROPN1 body opening site 
cg00101712. (F) OS analysis based on the methylation profile of ROPN1 in TSS1500 N-shore cg09298623. (G) The PPI network was constructed 
using the STRING database, employing the top 40 genes correlated with ROPN1 from the TCGA Firehose Legacy database. Red represents 
genes positively correlated with ROPN1, whereas green indicates genes negatively correlated with ROPN1. (H) Pathway enrichment analysis

B: Basal; H: HER2; LA: Luminal A; LB: Luminal B; N: Normal-like; PPI: Protein-protein interaction; PAM50: Prediction analysis of microarray 50; HER2: Human epidermal 
growth factor receptor 2
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highlighting the increased expression of this gene in certain tumor 
contexts (Figure 4A).

The cell lines were subsequently treated with chemotherapeutics and 
radiotherapy to evaluate any transcriptional modifications. MCF7 cells 
presented a greater fold change than did wild-type cells (untreated), 
with increases of 23%, 3%, and 26% after exposure to cisplatin, 
doxorubicin, and paclitaxel, respectively. In contrast, irradiation with 
6 Grays resulted in a drastic decrease in ROPN1 (Figure 4B). For the 
SKBR3 line, there was a decrease of approximately 40% after both 
cisplatin and paclitaxel treatment, although doxorubicin and radiation 
did not reduce ROPN1 expression levels in this cell line (Figure 4C). 
In BT474 cells, cisplatin and doxorubicin induced decreases of 48% 
and 38%, respectively. Conversely, irradiation led to a 25% increase in 
the transcript level (Figure 4D). For the HCC70 line, which, among 
the lines used, was the one that expressed ROPN1 at the highest level, 
all the treatments induced a decrease in the level of this transcript, 
which was most evident with cisplatin, with which a 63% reduction 
was achieved (Figure 4E). Similarly, HS578T cells also exhibited a 
reduction of approximately 50% in response to cisplatin, doxorubicin, 
and irradiation and a 30% decrease after paclitaxel treatment (Figure 
4F). BT549 cell expression of ROPN1 was were reduced by 21% 
only after cisplatin treatment and significantly increased by 197% 
and 293% after doxorubicin and paclitaxel treatment, respectively 
(Figure 4G). Finally, for MDA-MB231 cells, in which the expression 
levels were close to those found in the MCF10A reference cells, all 
the treatments induced a significant increase in ROPN1 (Figure 4H). 
The HS578T line was also treated with 5-aza and TSA, which resulted 

in increases in the expression of ROPN1 by 9.5-fold and 4.9-fold, 
respectively (Figure 4I).

Discussion and Conclusion

Breast cancer remains a leading cause of female cancer mortality, with 
TNBC/basal tumors exhibiting high recurrence and chemoresistance. 
Biomarker discovery is therefore essential for enhanced risk stratification 
and therapeutic decision-making. ROPN1 emerged as a candidate, 
showing elevated expression in TNBC/basal cases and consistent 
association with poor survival. Our data indicate that high ROPN1 
expression is consistently associated with poor OS in breast cancer 
patients, especially those with basal-like subtype, which is known for its 
high degree of aggressiveness and poor prognosis. Risk analysis showed 
that patients with high ROPN1 expression who were not treated with 
chemotherapy had an HR of 4.55 (Figure 3D), indicating a robust 
association between ROPN1 expression and unfavorable outcomes. 
Among patients who received chemotherapy, high levels of ROPN1 
also correlated with poorer prognosis (HR = 2.53). These findings 
position ROPN1 as a potent prognostic marker of aggressive breast 
cancer and a potential predictor of limited chemotherapy response, 
underscoring the need for personalized treatment strategies.

Previous findings by Liu et al. (13) showed that ROPN1 is 
overexpressed in TNBC, enhancing migration, invasion and 
metastasis via RhoA activation. Overexpression increased actin stress 
fibers and contractility, while ROPN1 silencing reduced invasiveness 
and metastasis in vitro and in vivo. Kortleve et al. (24) validated 

Figure 3. Associations between ROPN1 expression and survival in breast cancer patients. (A) Overall survival analysis of all breast cancer 
patients. (B) Stratified survival of patients with the basal subtype of breast cancer. (C) Impact of ROPN1 expression on the survival of basal 
breast cancer patients undergoing chemotherapy. (D) Comparative survival analysis of basal breast cancer patients who did not receive 
chemotherapy. Data were obtained from the GSE96058 study and analyzed via Kaplan-Meier curves. The “Low” and “High” categories refer to 
patient classification based on ROPN1 gene expression levels, with “Low” indicating expression below the established cut-off value, and “High” 
indicating expression above this threshold. Expression pattern of ROPN1 in different cohorts. The probes 224191_x_at (E), 231535_x_at (F), 
and 233203_at (G) were evaluated using datasets available in the GEO database, identified as GSE76275, GSE21653, GSE32646, GSE18864, 
and GSE43358, respectively
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ROPN1 as a prognostic and therapeutic target in TNBC, showing 
strong expression in >90% of primary and metastatic tumors, with 
minimal expression in normal tissues, except testis. In patient-derived 
and murine models, anti-ROPN1 TCR-T cells effectively eliminated 
ROPN1+ tumors, outperforming cisplatin and sacituzumab govitecan. 
ROPN1 expression correlated with metastasis and poor prognosis. 
These findings align with our results, supporting the translational 
value of ROPN1 as a biomarker and therapeutic target in TNBC.

In our PPI analysis, ROPN1B and SOX10 emerged as key genes 
positively correlated with ROPN1. ROPN1B, a cytoskeleton-related 
protein sharing 96% sequence homology with ROPN1, may act 
synergistically to promote invasiveness. Da Gama Duarte et al. (25) 
reported a strong correlation between ROPN1 and ROPN1B in 
melanoma (r = 0.86, p = 8.71×10-4), associating both with motility, 
chemoresistance and immune modulation. SOX10, which also 
correlated with ROPN1, drives mesenchymal traits and drug resistance 
in TNBC (26-28), suggesting that their co-expression may enhance 
tumor plasticity and therapeutic evasion. 

The network also included clinically relevant genes, such as ESR1, 
AR and FOXA1, all downregulated or absent in TNBC/basal tumors. 
ESR1, a key marker in luminal subtypes, serves as both a prognostic 

indicator and therapeutic target. AR, though expressed in a subset of 
TNBCs, lacks the favorable impact seen with ESR1 but may serve as 
a target in LAR tumors (10). FOXA1, a transcriptional cofactor for 
both ESR1 and AR, promotes epithelial identity in luminal cancers but 
is minimally expressed in TNBC, supporting its undifferentiated and 
aggressive profile (29, 30).

Chemotherapeutic treatments and radiotherapy have heterogeneous 
effects on ROPN1 levels, depending on the cell line and the therapeutic 
agent used. Among the parental lines analyzed, HCC70 exhibited an 
increase in ROPN1 expression of more than 7,000 times, highlighting 
the unique behavior of the TNBC subtype, which is highly aggressive 
and has a poor prognosis (7). This overexpression may be associated 
with the role of ROPN1 in fundamental biological processes, such 
as cell motility, which directly contributes to tumor migration and 
invasion. Indeed, previous studies have demonstrated that ROPN1 
plays an active role in tumor progression, especially in TNBC. Wu 
and collaborators reported that the overexpression of ROPN1 was 
associated with a significant increase in cell migration and invasion, 
which is mediated by the activation of RhoA, a GTPase essential 
for cytoskeletal organization (24). This activation leads to actin 
reorganization, promoting the formation of cellular protrusions and 
facilitating tumor spread. Furthermore, in vivo models have shown 

Figure 4. Expression of ROPN1 in breast cancer cell lines and the effects of different treatments. (A) Basal transcription levels of ROPN1 in a 
panel of mammary cell lines, including distinct tumor subtypes. (B-H) Variation in ROPN1 expression after treatment with cisplatin, doxorubicin, 
paclitaxel, or radiotherapy. (I) Modulation of ROPN1 expression in response to the epigenetic-acting drugs 5-aza and trichostatin A
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that ROPN1 not only enhances metastasis but also that its suppression 
significantly reduces tumor dissemination (24).

By analyzing the effects of chemotherapeutic agents on a selection of 
cell lines, we propose a relevant translational hypothesis. We observed 
that, under certain conditions, treatments did not reduce or even 
increased the levels of ROPN1, as noted in BT549 cells after exposure 
to doxorubicin and paclitaxel. Considering the findings of Wu et al. 
on the prometastatic role of ROPN1, these results suggest that the 
persistence or elevation of this transcript following chemotherapy 
may represent an adaptive mechanism of tumor cells, promoting 
therapeutic resistance and enhancing their migratory and survival 
capabilities. This hypothesis becomes even more pertinent when 
the clinical survival data of patients treated with chemotherapy are 
reviewed (Figure 3C), where high expression of ROPN1 was associated 
with a poorer prognosis, even after treatment.

The observed relationship between ROPN1 expression and its 
methylation in breast cancer suggests that epigenetic mechanisms may 
be involved in the regulation of this gene, particularly in the context 
of more aggressive subtypes, such as HER2-positive breast cancer and 
TNBC/basal cancer. This pattern of hypomethylation associated with 
ROPN1 overexpression indicates that DNA methylation might act as 
a modulator of gene expression in highly proliferative cancers with 
increased invasive capacity. To date, only the study by Atanackovic and 
colleagues has evaluated possible associated epigenetic mechanisms 
through pharmacological treatment in cell lines derived from acute 
myeloid leukemia (AML) (31). In their study, treatment with TSA and 
decitabine or their combination did not result in positive modulation 
of ROPN1, which is poorly expressed in AML, suggesting that 
other regulatory mechanisms may occur in these lines, such as post-
transcriptional regulation mediated by microRNAs or interactions 
with inhibitory transcription factors. Of note, our in vitro experiments 
revealed a significant increase in ROPN1 expression after treatment 
with 5-aza or TSA, with elevated levels of 9.5- and 4.9-fold, respectively. 
These results reinforce our in silico findings and suggest a distinct 
epigenetic role of ROPN1 in breast cancer, especially considering the 
contrast with the AML model. These data highlight the importance 
of investigating how the epigenetic deregulation of ROPN1 influences 
tumor behavior in different biological contexts, especially in more 
aggressive breast subtypes, and exploring whether hypomethylation 
and overexpression of this gene have direct functional impacts on 
tumor progression and therapeutic response. Moreover, we observed 
that low methylation in the regions cg09298623 and cg00101712 
was associated with worse OS in patients with this phenomenon. The 
increased expression of ROPN1, which is mediated by a reduction in 
methylation, may represent a phenotypic adaptation of the tumor that 
facilitates cell invasion and metastasis, which can lead to a worsened 
clinical outcome for these patients.

Further studies are needed to clarify how epigenetic changes drive 
tumor aggressiveness and to define the functional role of ROPN1 in 
breast cancer progression and therapy response. While our multicohort 
analysis offers strong associative evidence, functional validation (e.g., 
CRISPR/Cas9) is required to confirm causality in chemoresistance. 
Prospective cohorts and mechanistic studies will be key to validating 
ROPN1 expression as a predictive biomarker, potentially guiding 
patient stratification and improving therapeutic outcomes in high-risk 
cases.

Study Limitations

This study has limitations, including the absence of validation in 
patient-derived tumor samples and reliance on public gene expression 
datasets. In addition, the interactions between ROPN1, tumor 
subtypes, and therapeutic contexts, especially drug combinations, 
remain incompletely characterized. Further studies are needed to 
validate these findings and clarify the role of ROPN1 in breast cancer 
biology.

ROPN1 is markedly overexpressed in hormone receptor–negative and 
triple-negative/basal-like breast cancers, where it predicts significantly 
poorer OS. Its prognostic value persists regardless of chemotherapy 
status, high ROPN1 expression doubles mortality risk in treated patients 
and quadruples it when treatment is absent, underscoring its utility for 
risk stratification. An inverse relationship between DNA methylation 
and ROPN1 expression further links hypomethylation to adverse 
outcomes. In vitro, ROPN1 expression following chemotherapeutics 
and radiotherapy was variable in different cell lines, with some agents 
inducing upregulation suggesting adaptive resistance mechanisms. 
Collectively, these findings position ROPN1 and its protein product 
as both a robust prognostic and predictive biomarker and a candidate 
therapeutic target for high-risk breast cancer subgroups.
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Supplementary Figure 1. Expression pattern of ROPN1 in patients with breast cancer from the Sweden Cancerome Analysis Network-Breast 
study. Transcriptional levels of ROPN1 based on (A) estrogen receptor, (B) progesterone receptor, (C) human epidermal growth factor receptor 
2, (D) the proliferation marker Ki-67, (E) endocrine treatment, and (F) Prediction analysis of microarray 50 classification
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Supplementary Table 1. Clinicopathological characteristics of patients with breast cancer derived from the Sweden 

Cancerome Analysis Network-Breast study and their associations with ROPN1 expression 

Variables High   Low   p

n = 1.636 % n = 1.637 %

Age <0.001

≤55 527 36 372 25

>55 955 64 1.115 75

Tumor size group <0.001

≤17 cm 813 56 705 48

>17 cm 651 44 768 52

Lymph node status >0.9

Negative 906 63 910 63

Positive 533 37 531 37

ER status <0.001

No 152 11 62 4

Yes 1.198 89 1.371 96

PR status <0.001

No 205 16 142 10

Yes 1.091 84 1.219 90

HER2 status 0.009

No 1.261 88 1.229 85

Yes 164 12 214 15

Ki-67 status 0.001

No 318 46 250 37

Yes 372 54 420 63

NHG <0.001

G1 259 18 190 13

G2 680 47 711 48

G3 505 35 565 39

PAM50 subtype <0.001

Basal 279 19 29 2

HER2 91 6 204 14

Luminal A 821 55 680 46

Luminal B 103 7 563 38

Normal-like 188 13 11 0.7

Chemo treated 0.031

No 848 58 911 62

Yes 622 42 568 38

Endocrine treated <0.001

No 424 29 228 15

Yes 1.045 71 1.251 85  

Pearson’s chi-squared test; ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epidermal growth factor receptor 2; PAM50: Prediction 
analysis of microarray 50 (50-gene panel used for molecular classification); NHG: Nottingham histologic grade
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Key Points

•	 Invasive breast carcinoma may progress after initial treatment.

•	 Positron emission tomography/computed tomography (PET/CT) parameters obtained before initial treatment can predict disease progression.

•	 Combining PET/CT texture features with clinicopathological parameters improves prediction of progression.

ABSTRACT

Objective: Breast cancer is the most common cancer and the leading cause of cancer-related deaths in women. Texture analysis provides crucial prognostic 
information about many types of cancer, including breast cancer. The aim was to examine the relationship between texture features (TFs) of 2-deoxy-2[18F]
fluoro-D-glucose positron emission tomography (PET)/computed tomography and disease progression in patients with invasive breast cancer. 

Materials and Methods: TFs of the primary malignant lesion were extracted from PET images of 112 patients. TFs that showed significant differences 
between patients who achieved one-, three-, and five-year progression-free survival (PFS) and those who did not were selected and subjected to the least 
absolute shrinkage and selection operator regression method to reduce features and prevent overfitting. Machine learning (ML) was used to predict PFS 
using TFs and selected clinicopathological parameters.

Results: In models using only TFs, random forest predicted one-, three-, and five-year PFS with area under the curve (AUC) values of 0.730, 0.758, and 
0.797, respectively. Naive Bayes predicted one-, three-, and five-year PFS with AUC values of 0.857, 0.804, and 0.843, respectively. The neural network 
predicted one-, three-, and five-year PFS with AUC values of 0.782, 0.828, and 0.780, respectively. These findings indicated increased AUC values when 
the models combined TFs with clinicopathological parameters. The lowest AUC values of the models combining TFs and clinicopathological parameters 
when predicting one-year, three-year, and five-year PFS were 0.867, 0.898, and 0.867, respectively.

Conclusion: ML models incorporating PET-derived TFs and clinical parameters may assist in predicting progression during the pre-treatment period in 
patients with invasive breast carcinoma. 

Keywords: Texture analysis; machine learning; breast carcinoma; PET/CT; progression-free survival

Introduction

Breast cancer is the most common cancer and the leading cause of 
cancer-related deaths in women (1). Accurate staging of the disease 
is essential for successful treatment. 2-deoxy-2[18F]fluoro-D-glucose 
([18F]FDG) positron emission tomography/computed tomography 
(PET/CT) is frequently used in oncology for purposes, such as staging 
various cancer types, evaluating response to treatment, determining 
radiotherapy fields, and detecting recurrence (2). Routine use of 
PET/CT is not recommended for patients with stage I-II or operable 

stage III breast cancer (3-5). However, PET/CT may be helpful when 
findings on other imaging modalities used for staging are uncertain. 
In addition, PET/CT is able to delineate many clinicopathological 
prognostic parameters in breast cancer (6).

Texture analysis (TA) of medical images, also known as radiomics, has 
recently become one of the most popular topics in research. TA allows 
medical images to provide more information than the human eye can 
detect (7). TA of PET/CT offers prognostic information about various 
malignancies, including breast cancer (8-12). In breast cancer, PET/
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CT-based TA has been used to characterize lesions, evaluate tumor 
biology, including grade and immunohistochemical marker expression, 
predict response to neoadjuvant chemotherapy, and predict disease-
free survival (DFS) (9). Currently, TA is primarily used for preclinical 
and research purposes because improvements and standardization of 
methodology are needed before TA can be integrated into clinical 
workflow. Early studies in the field of TA in breast cancer focused on 
predicting histopathological and immunohistochemical parameters, 
as well as treatment responses. Nevertheless, there are only a limited 
number of studies on TA and breast cancer survival. The aim of this 
study was to examine the relationship between [18F]FDG PET/CT-
derived TA and progression-free survival (PFS) in invasive breast 
carcinoma using machine learning (ML)-based analysis.

Materials and Methods

Patients

This study retrospectively identified and included 290 female patients 
diagnosed with invasive breast carcinoma who underwent PET/CT 
for staging at a single center between 2019 and 2022. During this 
period, PET/CT scans were routinely performed for staging purposes 
in female patients with invasive breast cancer whose primary tumor 
was larger than one centimeter. The exclusion criteria were: Inability 
to determine disease progression due to inaccessible medical records; 
inability to perform TA due to the metabolic volume of the primary 
tumor being less than 64 voxels on PET/CT images; and presence of a 
second malignancy. After applying these criteria, a total of 112 patients 
were included in the study (Figure 1). 

PET/CT Imaging Protocol

Following six hours of fasting, patients with a blood glucose level 
below 200 mg/dL received an intravenous injection of 0.1 mCi/kg 
[18F]FDG. The patients were then asked to rest in a quiet, darkened 
room for approximately 60 minutes. PET/CT imaging was performed 
from the vertex to the mid-thigh using a Siemens Biograph mCT 20 
PET/CT system (Siemens, Germany). First, nondiagnostic CT images 
were obtained using the following parameters: 120 kVp, 50 mAs, and 
5-mm slice thickness. PET imaging was then performed for 2 minutes 

per bed position. PET images were corrected for attenuation using 
the corresponding nondiagnostic CT images. The ordered-subset 
expectation maximization method was used for image reconstruction.

Texture Analysis

TA was performed using LIFEx software version 7.4.0 (lifexsoft.
org) by two nuclear medicine physicians with six and nine years of 
experience in oncological PET/CT interpretation. LIFEx is a freely 
available software tool widely used for TA in the medical imaging 
literature (13). Attenuation-corrected PET images were imported 
into the LIFEx program. The primary breast lesions were manually 
segmented using a three-dimensional region of interest (ROI), defined 
to correspond with radiological findings. A threshold of 40% of the 
maximum standardized uptake value (SUVmax) was used to delineate 
the ROI (Figure 2). Segmentation was independently performed by 
both nuclear medicine physicians. For spatial resampling of the ROI, 
a voxel spacing of 4×4×4 mm was applied along the x, y, and z axes. 
Image intensity was discretized into 64 gray levels with a bin width of 
0.3. Intensity rescaling was conducted using an absolute scale range 
of 0–20. Texture features (TFs) extracted from the three-dimensional 
ROI included first-order features, such as morphological, intensity-
based, local intensity-based, intensity histogram, and local intensity 
histogram, as well as second-order features such as intensity-based rim, 
intensity histogram rim, gray-level co-occurrence matrix, neighboring 
gray-tone difference matrix, gray-level run-length matrix, and gray-
level size zone matrix (Supplementary Table 1).

Determination of PFS

To determine progression, imaging findings defined from molecular 
imaging methods (PET/CT and bone scintigraphy) and morphological 
imaging methods [breast ultrasound (US), breast magnetic resonance 
imaging (MRI), and thoracic-abdominopelvic CT or MRI] obtained 
during follow-up were compared with baseline staging images. PET/
CT images were evaluated according to the PERCIST criteria, while 
CT and MRI findings were assessed according to the RECIST 1.1 
criteria (14). The appearance of new bone metastases at previously 
uninvolved non-metastatic locations on bone scintigraphy and signs of 
recurrence or progression at the primary tumor site identified through 

Figure 1. Workflow of the study

PET/CT: Positron emission tomography/computed tomography; LASSO: Least absolute shrinkage and selection operator
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mammography and/or breast US were also accepted as indicators 
of progression. PFS was defined as the time interval between the 
date of breast cancer diagnosis and the first radiological evidence of 
progression, based on the criteria outlined above. For patients without 
progression, PFS was calculated as the time between the date of 
diagnosis and the date of last follow-up. The number of patients who 
achieved one-, three-, and five-year PFS was recorded.

The Recep Tayyip Erdogan University Ethics Committee approved 
this study (approval no: 2022/228, date: 22.12.2022). The ethical 
committee waived the requirement for informed consent as the 
study was retrospective. All procedures performed in this study were 
in accordance with the ethical standards of the institutional and/or 
national research committee and with the 1964 Helsinki Declaration 
and its later amendments.

Statistical Analysis and ML

All statistical analyses were performed using SPSS, version 24 (IBM 
Corp., Armonk, NY, USA). A p-value of <0.05 was considered 
statistically significant. The Mann-Whitney U test was used to 
compare the TFs of patients who achieved one-, three-, and five-
year PFS with those who did not. TFs with a p-value of <0.05 were 
subjected to feature reduction using the least absolute shrinkage and 
selection operator (LASSO) regression method to prevent model 
overfitting (15). To predict PFS, three ML algorithms commonly used 
in medical imaging research, specifically random forest, naive Bayes, 
and neural network, were employed using both TFs and selected 
clinicopathological parameters. ML models were developed using the 
Orange data mining toolbox (version 3.34.0).

The dataset was randomly divided into training (70% of patients) and 
testing (30% of patients) sets. The mean ages of patients with and 
without progression were compared using the independent-samples 
t-test. Categorical variables, such as estrogen receptor (ER) status, 
progesterone receptor (PR) status, human epidermal growth factor 
receptor 2 (HER2) status, and cancer stage were compared between 
these groups using the chi-square test.

All data were normalized to a 0–1 scale prior to model training. Each 
ML model was trained on the training set using 10-fold cross-validation 
and subsequently evaluated on the testing set for internal validation. 
After this initial evaluation, selected clinical parameters were added to 
the models, and their predictive performance for achieving PFS was 
re-examined.

Results

The mean age of the patients was 59±14 years. The median follow-
up period was 112 (30–311) weeks. During follow-up, progression 
occurred in 21 patients (19%) within the first year, 43 (38%) within 
three years, and 46 (41%) within five years. One-, three-, and five-
year PFS rates were 81%, 62%, and 59%, respectively. The five-year 
PFS rate was 88% in non-metastatic patients and 47% in metastatic 
patients. The majority of patients had invasive ductal carcinoma. Most 
cases were ER (+), PR (+), and HER2 (-) and had locally advanced 
breast cancer (LABC) (Table 1) (16). 

The median primary tumor size was larger in patients who did not 
achieve one-, three-, and five-year PFS compared to those who did. ER 
(+) and PR (+) rates were higher among patients who achieved three- 
and five-year PFS than in those who did not. HER2 receptor status 
was similar between patients with and without progression at all time 
points. Lastly, distant and axillary metastases at diagnosis were more 
common in patients who did not achieve one-, three-, and five-year 
PFS (Tables 2, 3, and 4).

A total of 25, 58, and 57 of the TFs showed significant differences 
between patients who achieved one-, three-, and five-year PFS, 
respectively, and those who did not. These TFs were subjected to LASSO 
regression. Selected TFs (Figure 3) and relevant clinicopathological 
parameters that differed between the two patient groups (primary 
tumor size, ER and PR status, and axillary and distant metastases) were 
then used in ML models to predict PFS at one, three, and five-years.

The higher incidence of distant metastases among patients who did 
not achieve PFS at one, three, and five years suggested that the lower 
rates of surgery and radiotherapy in these patients were a consequence 

Figure 2. Three-dimensional segmentation of the primary breast lesion using a 40% SUVmax in the LIFEx program 

SUVmax: Maximum standardized uptake value
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rather than a cause of their poor prognosis. Therefore, the history of 
surgery and radiotherapy was not included in the ML models. Among 
the models using only TFs, random forest predicted one-, three-, and 
five-year PFS with area under the curve (AUC) values of 0.730, 0.758, 
and 0.797, respectively. Naive Bayes predicted one-, three-, and five-
year PFS with AUC values of 0.857, 0.804, and 0.843, respectively. 
The neural network predicted one-, three-, and five-year PFS with 

AUC values of 0.782, 0.828, and 0.780, respectively. AUC values 
improved when clinicopathological parameters were added to the TFs 
(Figure 4 and Tables 5, 6, and 7).

Table 1. Detailed characteristics of patients

Variables

Age (years), mean ± SD 59±14

Primary tumor size 
(mm), median (minimum-
maximum)

28 (13–100)

Histopathological subtype, 
n (%)

IDC 64 (57)

ILC 4 (3)

NST 30 (27)

Others 14 (13)

ER status, n (%)

ER (+) 79 (71)

ER (-) 27 (24)

N/A 6 (5)

PR status, n (%)

PR (+) 73 (65)

PR (-) 33 (30)

N/A 6 (5)

HER2 status, n (%)

HER2 (+) 33 (30)

HER2 (-) 73 (65)

N/A 6 (5)

TNM stage, n (%)

Early * 33 (30)

Locally advanced** 49 (44)

Distant metastatic 30 (26)

Surgery history, n (%)

No surgery 32 (29)

Mastectomy 56 (50)

Breast-conserving 
surgery

24 (21)

Chemotherapy, n (%)
Yes 87 (78)

No 25 (22)

Radiotherapy, n (%)
Yes 70 (63)

No 42 (37)

Hormonal therapy, n (%)

Yes 79 (74)

No 27 (21)

N/A 6 (5)

Anti-HER2 therapy, n (%)

Yes 33 (30)

No 73 (65)

N/A 6 (5)

SD: Standard deviation; IDC: Invasive ductal carcinoma; ILC: Invasive 
lobular carcinoma; NST: No special type; ER: Estrogen receptor; PR: 
Progesterone receptor; N/A: Not available; HER2: Human epidermal 
growth factor receptor 2; TNM: Tumor, node, and metastasis

*: Includes TNM stages I, IIA, IIB, and IIIA

**: Includes TNM stages IIIB and IIIC

Table 2. Patient characteristics according to one-year PFS

Variables Patients 
who 
achieved 
one-year 
PFS (n = 91)

Patients 
who did not 
achieve one-
year PFS  
(n = 21)

p-value

Age, mean ± SD 58±13 62±14 0.253

Primary tumor 
size (mm), median 
(minimum-maximum)

25 (13–80) 40 (18–100)  0.005

Histopathological subtype, n (%)

IDC 55 (60) 9 (43)
0.222

Others 36 (40) 12 (57)

ER status, n (%)

ER (+) 67 (74) 6 (29)

0.095ER (-) 21 (23) 12 (57)

N/A 3 (3) 3 (14)

PR status, n (%)

PR (+) 62 (68) 11 (53)

0.099PR (-) 26 (29) 7 (33)

N/A 3 (3) 3 (14)

HER2 status, n (%)

HER2 (+) 27 (30) 6 (29)

0.825HER2 (-) 61 (67) 12 (57)

N/A 3 (3) 3 (14)

Axillary metastasis, n (%)

Present 53 (58) 19 (90)
0.005

Absent 38 (42) 2 (10)

TNM stage, n (%)

Early* 32 (35) 1 (5)

<0.001Locally advanced** 44 (48) 7 (33)

Distant metastatic 15 (17) 13 (62)

Surgery history, n (%)

Yes 75 (66) 5 (4)
<0.001

No 16 (15) 16 (15)

Chemotherapy, n (%)                                               

Yes 68 (61) 19 (17)
0.152

No                                                   23 (20)                           2 (2)

Radiotherapy, n (%)

Yes 62 (54) 8 (7)
0.012

No                                                     28 (26)                         14 (13)

PFS: Progression-free survival; SD: Standard deviation; IDC: Invasive ductal 
carcinoma; ER: Estrogen receptor; N/A: Not available; PR: Progesterone 
receptor; HER2: Human epidermal growth factor receptor 2; TNM: Tumor, 
node, and metastasis

*: Includes TNM stages I, IIA, IIB, and IIIA 

**: Includes TNM stages IIIB and IIIC
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Table 3. Patient characteristics according to three-year 

PFS

Variables Patients who 
achieved 
three-year 
PFS (n = 69)

Patients 
who did 
not achieve 
three-year 
PFS (n = 43)

p-value

Age, mean ± SD 57±13 60±14 0.373

Primary tumor 
size (mm), median 
(minimum-maximum)

25 (13–62) 39 (18–100) <0.001

Histopathological subtype, n (%)

IDC 42 (61) 22 (51)
0.380

Others 27 (39) 21 (49)

ER status, n (%)

ER (+) 54 (79) 25 (58)

0.021ER (-) 14 (20) 13 (30)

N/A 1 (1) 5 (12)

PR status, n (%)

PR (+) 51 (74) 22 (51)

0.013PR (-) 17 (25) 16 (37)

N/A 1 (1) 5 (12)

HER2 status, n (%)

HER2 (+) 21 (31) 12 (28)

0.941HER2 (-) 47 (68) 26 (60)

N/A 1 (1) 5 (12)

Axillary metastasis, n (%)

Present 35 (51) 37 (86)
<0.001

Absent 34 (49) 6 (14)

TNM stage, n (%)

Early* 29 (42) 4 (9)

<0.001Locally advanced** 36 (52) 15 (35)

Distant metastatic 4 (6) 24 (56)

Surgery history, n (%)

Yes 64 (57) 16 (14)
<0.001

No 5 (4) 27 (25)

Chemotherapy, n (%)                                                                        

Yes 52 (47) 35 (31)
0.494

No 17 (15) 8 (7)

Radiotherapy, n (%)                                                                          

Yes 48 (44)                           22 (20)
0.045

No 21 (18)                           21 (18)

PFS: Progression-free survival; SD: Standard deviation; IDC: Invasive ductal 
carcinoma; ER: Estrogen receptor; N/A: Not available; PR: Progesterone 
receptor; HER2: Human epidermal growth factor receptor 2, TNM: Tumor, 
node, and metastasis

*: Includes TNM stages I, IIA, IIB, and IIIA 

**: Includes TNM stages IIIB and IIIC

Table 4. Patient characteristics according to five-year PFS

Variables Patients 
who 
achieved 
five-year 
PFS (n = 66)

Patients 
who did 
not achieve 
five-year 
PFS (n = 46)

p-value

Age, mean ± SD 58±13 60±13 0.475

Primary tumor 
size (mm), median 
(minimum-maximum)

25 (13–62) 38 (15–100) <0.001

Histopathological subtype, n (%)

IDC 40 (60) 24 (52)
0.285

Others 26 (40) 22 (48)

ER status, n (%)

ER (+) 51 (78) 28 (61)

0.046ER (-) 14 (21) 13 (28)

N/A 1 (1) 5 (11)

PR status, n (%)

PR (+) 48 (73) 25 (54)

0.037PR (-) 17 (26) 16 (35)

N/A 1 (1) 5 (11)

HER2 status, n (%)

HER2 (+) 20 (30) 13 (28)

0.919HER2 (-) 45 (69) 28 (61)

N/A 1 (1) 5 (11)

Axillary metastasis, n (%)

Present 32 (48) 40 (87)
<0.001

Absent 34 (52) 6 (13)

TNM stage, n (%)

Early* 29 (44) 4 (9)

<0.001Locally advanced** 34 (51) 17 (37)

Distant metastatic 3 (5) 25 (54)

Surgery history, n (%)

Yes 61 (54) 19 (17)
<0.001

No 5 (4) 27 (25)

Chemotherapy, n (%)  

Yes 49 (44) 38 (34)
0.360

No 17 (15) 8 (7)

Radiotherapy, n (%)

Yes 48 (44)                           22 (20)
0.045

No 21 (18)                           21 (18)

PFS: Progression-free survival; SD: Standard deviation; IDC: Invasive ductal 
carcinoma; ER: Estrogen receptor; N/A: Not available; PR: Progesterone 
receptor; HER2: Human epidermal growth factor receptor 2; TNM: Tumor, 
node, metastasis

*: Includes TNM stages I, IIA, IIB, and IIIA 

**: Includes TNM stages IIIB and IIIC
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Figure 3. LASSO regression coefficients of the features used to predict disease progression

LASSO: Least absolute shrinkage and selection operator

Table 5. Performance of different machine learning methods in predicting one-year progression in the testing set

Using texture features alone Combining texture features with clinicopathological 
parameters

Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

AUC Accuracy 
(%)

Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

AUC Accuracy 
(%)

Random 
forest

90 69 84 55 0.739 90 90 69 83 80 0.923 83

Naive 
Bayes

83 75 93 52 0.857 81 82 83 89 73 0.907 83

Neural 
network

90 44 86 54 0.782 81 84 59 78 68 0.867 75

PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under the curve

Table 6. Performance of different machine learning methods in predicting three-year progression in the testing set

Using texture features alone Combining texture features with clinicopathological 
parameters

Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

AUC Accuracy 
(%)

Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

AUC Accuracy 
(%)

Random 
forest

82 46 74 59 0.758 70 86 75 86 75 0.933 83

Naive 
Bayes

78 61 78 61 0.804 72 80 82 89 70 0.917 81

Neural 
network

82 64 81 67 0.828 76 80 61 79 63 0.898 73

PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under the curve



362

Eur J Breast Health 2025; 21(4): 356-366

Figure 4. Receiver-operating characteristic curves of models incorporating texture features and clinicopathological parameters for predicting 
(a) one-year, (b) three-year, and (c) five-year progression-free survival
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Discussion and Conclusion

It is well established that conventional PET/CT parameters provide 
valuable prognostic information in breast cancer. Qu et al. (6) followed 
125 patients with breast cancer for five years and demonstrated that 
higher SUVmax, metabolic tumor volume, and total lesion glycolysis 
values measured from the primary lesion were associated with increased 
rates of local recurrence and/or distant metastasis (8). Similarly, in a 
meta-analysis, Diao et al. (17) reported that higher SUVmax values in 
the primary tumor were associated with an elevated risk of recurrence 
or progression but SUVmax had no significant effect on overall survival 
(OS). 

PET/CT TA combined with ML has been used to predict PFS or OS in 
various malignancies (18-21). TA reflects tumor heterogeneity, which 
is influenced by multiple factors beyond a single tumor characteristic, 
including tumor microenvironment, grade, genetic profile, and 
immunohistochemical expression. Given that the smallest volumetric 
unit in imaging is a voxel, TA essentially analyzes how neighboring 
voxels relate to each other, which may reveal underlying prognostic 
features of the tumor. Nevertheless, despite its potential, TA is not yet 
widely adopted in routine clinical practice. Existing studies, most of 
which are retrospective, suggest that TA could help identify patients 
at high or low risk of recurrence or metastasis. However, results from 
prospective studies with standardized methodologies are still necessary. 
Previous research has also examined the relationship between PET/
CT TA and survival in breast cancer (10, 22, 23), although most 
investigations have focused on the association between TA and 
histological or immunohistochemical parameters or on predicting the 
response to neoadjuvant therapy (9, 11, 24). 

In the current study, we focused on the relationship between PET-
derived TFs and PFS in patients with breast cancer. Among the 
148 TFs listed in Supplementary Table 1, many showed statistically 
significant differences between patients who achieved one-, three-, and 
five-year PFS and those who did not. ML models incorporating TFs 
and clinicopathological parameters successfully predicted one-, three-, 
and five-year PFS. Xu et al. (25) also attempted to predict PFS in 
breast cancer using TFs and clinical parameters and showed that the 

model combining TFs and clinical data outperformed models that 
used TFs or clinical variables alone. Importantly, their model remained 
successful in an external validation group. In our study, the addition of 
clinicopathological parameters to ML models similarly improved their 
predictive performance. Notably, model specificity increased, which 

significantly contributed to performance enhancement. However, we 
did not conduct external validation. 

Yoon et al. (22) found that values above the threshold value for high-
intensity zone emphasis and high-intensity short-zone emphasis 
among PET/CT-derived TFs were associated with shorter PFS in 
patients with LABC. However, that study did not investigate the 
effects of clinicopathological prognostic parameters or use ML, and 
it had a shorter median follow-up (17.3 months) than our study (112 
weeks). In contrast, our study predicted PFS using both TFs alone and 
combined with clinicopathological parameters through ML.

In a prospective study investigating PET/CT-derived TFs in patients 
with LABC, TFs were associated with more aggressive tumor 
phenotypes. Cox regression analysis showed that certain features could 
predict longer DFS and OS (10). However, this study, like Yoon et 
al. (22), did not use ML or assess the effects of clinicopathological 
prognostic variables. In another study examining the relationship 
between PET/CT-derived TFs and clinicopathological parameters in 
patients with ER (+) and HER2 (-) breast cancer, high entropy values 
were linked to shorter event-free survival (23). The authors evaluated 
the effects of only two TFs (entropy and homogeneity) on event-free 
survival and did not use ML. TFs offer a mathematical representation 
of tumor heterogeneity via imaging. Given that heterogeneity may 
result in treatment resistance or failure, TA could reasonably be 
expected to predict outcomes such as PFS, supported by both the 
previous study and the present one.

Zheng et al. (26) predicted DFS in patients who did not achieve 
pathological complete response after neoadjuvant chemotherapy 
by integrating clinical, radiomic, and deep learning features. Their 
combined model outperformed those based on single feature sets, 
with AUC values of 0.889 and 0.938 for three- and five-year DFS, 
respectively. Similarly, our study demonstrated that combining TFs 
with clinicopathological parameters improved the prediction of PFS 
compared to using either alone.

Classical prognostic factors in breast cancer, such as tumor size, 
axillary lymph node metastasis, tumor, node, and metastasis stage, 
histopathological subtype, and hormone receptor status, have long 
been validated in the literature (27). Although our study primarily 
focused on imaging features, we observed that larger primary tumor 
size, presence of axillary and distant metastases, and ER (-) and PR (-) 
status were associated with disease progression.

Table 7. Performance of different machine learning methods in predicting five-year progression in the testing set

Using texture features alone Combining texture features with clinicopathological 
parameters

Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

AUC Accuracy 
(%)

Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

AUC Accuracy 
(%)

Random 
forest

78 62 78 62 0.797 72 90 69 83 80 0.870 82

Naive 
Bayes

84 72 84 75 0.843 81 82 83 89 73 0.907 83

Neural 
network

82 66 80 68 0.780 76 84 59 78 68 0.867 75

PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under the curve
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Study Limitations

Our study has several limitations. First, it was a retrospective, single-
center study with a relatively small sample size. This limited our 
ability to analyze specific subgroups, such as patients with a particular 
histopathological subtype or hormone receptor profile (e.g., triple-
negative). Second, for technical reasons, patients with primary tumors 
having a metabolic volume of less than 64 voxels on PET were 
excluded; therefore, our findings may not be generalizable to tumors 
with a low metabolic volume. Third, the median follow-up period may 
have been insufficient, as breast cancer can recur even five to 10 years 
after treatment. Fourth, mammography and/or breast US were used 
to detect local recurrence during follow-up, with breast MRI reserved 
for equivocal cases. Lastly, the ML models were trained on 70% 
and tested on 30% of the data from the same patient cohort. While 
internal validation was performed, external datasets were not available 
for independent validation due to the single-center nature of the study.

ML models incorporating PET/CT-derived TFs and 
clinicopathological parameters may assist in predicting progression 
during the pre-treatment period in patients with invasive breast 
carcinoma. Predicting disease progression may allow clinicians to 
manage neoadjuvant and adjuvant treatment more effectively for 
patients who are at high risk of disease progression. If technical 
challenges, such as harmonizing PET/CT images from different 
centers and standardizing segmentation methods, can be resolved, TA 
may then be integrated into routine PET/CT workflows.
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Supplementary Table 1. First order and second order PET texture features that extracted from the three-dimensional 

range of interest

First order texture features Name of the texture feature

Morphological

Volume, approximate volume, voxels counting, surface area, surface to volume ratio, 
compacity, compactness 1, compactness 2, spherical disproportion, sphericity, aspehicirty, 
max value coordinates, center of mass, weighted center of mass, hoc max, hoc max 
normalized with radius ROI, hoc max normalized with radius sphere, hocpeak 0.5 mL, 
hocpeak 0.5 mL normalized with radius ROI, hocpeak 0.5 mL normalized with radius sphere, 
hocpeak 1 mL, hocpeak 1 mL normalized with radius ROI, hocpeak 1 mL normalized with 
radius sphere, centre of mass shift, centre of mass shiftmax normalized with radius ROI, 
centre of mass shiftmax normalized with radius sphere, maximum 3d diameter, sphere 
diameter, integrated intensity.

Intensity-based

Mean, variance, skewness, kurtosis, median, minimum gray level, 10th percentile, 25th 

percentile, 50th percentile, 75th percentile, 90th percentile, standard deviation, maximum 
grey level, interquartile range, range, mean absolute deviation, robust mean absolute 
deviation, median absolute deviation, coefficient of variation, quartile coefficient of 
dispersion, are under curve csh, energy, root mean square, total lesion glycolisis,

Local intensity-based
Intensity peak discretized volume sought (0.5 mL), global intensity peak (0.5 mL), intensity 
peak discretized volume sought (1 mL), global intensity peak (1 mL), local intensity peak.

Intensity-histogram

Intensity histogram mean, intensity histogram variance, intensity histogram skewness, 
intensity histogram kurtosis, intensity histogram median, intensity histogram minimum 
grey level, intensity histogram 10th percentile, intensity histogram 25th percentile, 
intensity histogram 50th percentile, intensity histogram 75th percentile, intensity histogram 
90th percentile, intensity histogram standard deviation, intensity histogram maximum 
grey level, intensity histogram mode, intensity histogram interquartile range, intensity 
histogram range, intensity histogram mean absolute deviation, intensity histogram 
robust mean absolute deviation, intensity histogram median absolute deviation, intensity 
histogram coefficien of variation, intensity histogram quartile coefficien dispersion, 
intensity histogram entropy log10, intensity histogram entropy log2, area under curve csh, 
uniformity, root mean square, maximum histogram gradient, maximum histogram gradient 
grey level, minimum histogram gradient, minimum histogram gradient grey level.

Local intensity histogram
Intensity peak discretized volume sought (0.5 mL), global intensity peak (0.5 mL), intensity 
peak discretized volume sought (1 mL), global intensity peak (1 mL), local intensity peak.

Second order texture features

Intensity-based rim Min, mean, stdev, max, counting voxels, approximate volume, sum.

Intensity histogram rim Min, mean, stdev, max, counting voxels, approximate volume, sum.

Gray-level co-occurrence matrix (GLCM)

Joint maximum, joint average, joint variance, joint entropy log2, joint entropy log10, 
difference average, difference variance, difference entropy, sum average, sum variance, 
sum entropy, angular second moment, contrast, dissimilarity, inverse difference, normalized 
inverse difference, inverse difference moment, normalized inverse difference moment, 
inverse variance, correlation, autocorrelation, cluster tendency, sluster shade, cluster 
prominence.

Neighboring gray tone difference matrix 
(NGTDM)

Coarseness, contrast, busyness, complexity, strength.

Gray-level run-length matrix (GLRM)

Short runs emphasis, long runs emphasis, low grey level run emphasis, high grey level run 
emphasis, short run low grey level emphasis, short run high grey level emphasis, long run 
low grey level emphasis, long run high grey level emphasis, grey level nonuniformity, run 
length nonuniformity, run percentage.

Gray-level size zone matrix (GLSZM)
Small zone emphasis, large zone emphasis, low grey level zone emphasis, high grey level 
zone emphasis, small zone low grey level emphasis, small zone high grey level emphasis, 
large zone low grey level emphasis, large zone high grey level emphasis.

PET: Positron emission tomography; ROI: Region of interest
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Key Points

•	 Hereditary hemochromatosis is a common genetic disorder in individuals of European descent, and its main pathogenic variants, C282Y and H63D, 
may contribute to carcinogenesis through iron overload and oxidative stress.

•	 This meta-analysis included eight studies and over 53,000 participants to assess the association between HFE gene mutations and breast cancer risk.

•	 Although the pooled analysis did not show a statistically significant association, a consistent trend toward increased breast cancer risk, particularly in
C282Y homozygotes, was observed.

•	 The heterogeneity between studies could not be explained by genotype, zygosity, publication year, or methodological quality, but sensitivity analyses
confirmed the robustness of the findings.

•	 An intensified screening protocols for individuals carrying HFE pathogenic variants is proposed, particularly homozygous C282Y carriers. Pending
further data, we propose risk-adapted screening for these individuals, which may include more frequent clinical evaluations and imaging, potentially 
incorporating additional modalities such as ultrasound or breast magnetic resonance imaging.

ABSTRACT

Objective: Hereditary hemochromatosis and breast cancer are two major public health problems. The HFE gene variants C282Y and H63D, responsible 
for most cases of hemochromatosis, may contribute to carcinogenesis via iron overload, oxidative stress, and hormonal modulation. The aim of this study 
was to evaluate the association between HFE variants and breast cancer risk and propose a personalized surveillance strategy.

Materials and Methods: A systematic review and a meta-analysis were conducted according to Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses guidelines. Eligible studies included case-control and cohort studies reporting breast cancer incidence in women with HFE gene C282Y and/
or H63D variants. Data were pooled using a random-effects model. Subgroup analyses and meta-regressions explored sources of heterogeneity.

Results: Eight studies comprising 73,981 participants were included, published between 2000 and 2025. Among them, analysis of four revealed a link 
between hemochromatosis and breast cancer risk. In one study, a link was observed between the HFE C282Y allele and higher lymph node involvement, 
which may suggest an impact of hemochromatosis on tumor progression. By contrast, three studies did not find any link between the two diseases. Our 
meta-analysis showed a trend toward increased breast cancer risk in carriers of HFE variants, particularly C282Y homozygotes (odds ratio = 1.36, 95% 
confidence interval = 0.75–1.98). Substantial heterogeneity was present (I² >50%), but no tested covariates significantly explained this variation. Sensitivity 
analyses confirmed the robustness of the estimate.

Conclusion: In the absence of randomized trials with mortality endpoints, our findings do not yet justify changes in clinical practice. They nevertheless 
support prospective studies to assess whether women carrying these pathogenic variants, especially C282Y/C282Y homozygotes, could benefit from adapted 
breast cancer surveillance, potentially involving more frequent evaluations or advanced imaging to improve early detection.
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Introduction

Breast cancer and hereditary hemochromatosis are both relatively 
common diseases, especially among individuals of European ancestry. 
Emerging evidence suggests a potential association between the 
two, with iron overload implicated as a possible contributing factor 
in breast cancer development. Breast cancer is the most common 
cancer in women with an estimated 2,296,840 new cases worldwide 
in 2022. It also remains the leading cause of cancer-related death in 
women, accounting for roughly 666,103 deaths every year (1). Breast 
cancer incidence and mortality regularly rise, with over 3 million new 
cases and more than a million deaths expected by 2040. Hereditary 
hemochromatosis is one of the most common genetic diseases 
in populations of Northern European origin, with an estimated 
homozygous prevalence of between 1/200 and 1/400 (2).

Hereditary hemochromatosis is an autosomal recessive genetic disorder 
due to excessive iron absorption, resulting in a toxic accumulation of iron 
in the organs, particularly in the liver, heart, pancreas and joints (3). The 
most common form of hereditary hemochromatosis is associated with 
biallelic pathogenic variations of the HFE gene located on chromosome 
6, especially the C282Y and H63D pathogenic variants (type 1), 
particularly in Northern Europeans with around 1 in 200 homozygous 
for C282Y, and 1 in 10 heterozygous for C282Y, but other genes are also 
associated to a minor extent, such as HJV or HAMP (type 2) in juvenile 
forms, TfR2 (type 3) and FPN (type 4). The common characteristic of 
these pathogenic variants is that they interfere with the signal system 
responsible for hepcidin synthesis (2, 4), leading to increased intestinal 
iron absorption. Excess iron is then stored as ferritin in tissues, resulting 
in progressive toxicity, particularly in vital organs (3).

Diagnosis is based on elevated ferritin and transferrin saturation 
coefficient >45%, combined with a screening for homozygous or 
compound heterozygous pathogenic variants of the HFE gene, in 
particular C282Y and H63D (2, 5). Hereditary haemochromatosis 
is a disease with low clinical penetrance. Despite the frequency of 
pathogenic variants, only a minority of patients develop symptomatic 
hemochromatosis, with around 10–30% of homozygous men 
developing a significant overload. The rate is less significant in women 
due to menstrual loss and pregnancy.

Targeted screening is recommended, with systematic screening of first-
degree relatives if a family member is homozygous for C282Y or has 
clinical haemochromatosis, with a genetic test carried out immediately 
in addition to the ferritin and transferrin saturation coefficient assays 
(6-8). Systematic screening of the general population is not justified, 
due to low clinical penetrance, the risk of overdiagnosis and anxiety in 
healthy carriers, and the presence of a simple and effective treatment.

The main treatment for hemochromatosis consists of regular 
phlebotomies to reduce iron levels. Other approaches include the use 
of iron chelators in certain cases, particularly in patients who cannot 
undergo frequent phlebotomies (9).

Iron is indispensable, yet overload is carcinogenic. Excess, particularly 
the readily absorbed heme iron in red meat, drives oxidative stress, 
free-radical DNA damage and higher serum-ferritin levels, all linked 
to increased cancer risk (10). In breast tissue, iron synergizes with 
estrogens metabolites to generate reactive species, a process intensified 
in post-menopause when iron stores rise (11, 12). Moreover, 
hemochromatosis often coexists with diabetes and obesity, that are 
both additional breast cancer risk factors. Hemochromatosis is known 

to increase the risk of liver carcinomas and other cancers. However, to 
date, scientific data remain contradictory in terms of breast carcinoma 
(11).

The objective of this literature review and meta-analysis was to assess 
the link between hemochromatosis and breast cancer and to propose a 
personalized surveillance for these patients.

Materials and Methods

This review was guided by the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines (prismastatement.org).

Study Identification and Selection

Eligible publications were retrieved by searching for the PubMed 
database, published between 2000 and 2025, using the terms 
“hemochromatosis”, “HFE pathogenic variants” and “breast cancer”.

Inclusion Criteria and Exclusion Criteria

Eligible studies were included in this review according to following 
criteria: publications that evaluated the association between HFE gene 
pathogenic variants and cancer risk; these publications were designed 
as prospective and retrospective cohort studies, case-control studies, 
meta-analysis and systematic reviews. 

Studies were excluded when they were a case-only study, case-report, or 
abstract; without sufficient data; and publications concerning animals.

Only articles published in English or French were considered.

We have included a flow chart to describe the publications selection 
process (Figure 1). Previously two published meta-analyses were not 
included in our meta-analysis to avoid potential data duplication.

A meta-analysis was conducted to estimate the association between 
hereditary hemochromatosis-related pathogenic variants (notably 
C282Y and H63D) and breast cancer risk. Effect sizes extracted from 
the included studies were primarily expressed as odds ratios (OR) with 
95% confidence intervals (CIs). The primary analysis used a random-
effects model to account for between-study heterogeneity and to 
compute a pooled OR with a corresponding 95% CI.

Heterogeneity was assessed using Cochran’s Q statistic and the I² index. 
In cases of substantial heterogeneity (I² >75%), subgroup analyses were 
conducted according to pathogenic variants type (C282Y, H63D, 
or combined) and zygosity (homozygous, heterozygous, compound 
heterozygous). Meta-regressions weighted by the inverse of the variance 
were performed to evaluate the effect of potential moderators (year of 
publication, pathogenic variants type, zygosity, and methodological 
quality). A leave-one-out sensitivity analysis was performed to assess 
the robustness of the pooled estimate.

Statistical Analysis

Potential publication bias was explored using visual inspection of a 
funnel plot and formally tested using Egger’s regression test. Statistical 
analyses were performed using the software JASP (version 0.19.3 for 
Apple Silicon, www.jasp-stats.org). Assistance with the construction of 
data tables, supplementary calculations, and the generation of figures 
(annotated forest plots, meta-regressions, sensitivity analysis, Egger’s 
test) was provided by ChatGPT (OpenAI, GPT-4) under supervised 
use, without automation of methodological decisions or unvalidated 
interpretations.
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Results

The various studies included in the meta-analysis are summarized in 
Table 1.

1. Studies Reporting No Significant Association Between 
Hemochromatosis and Breast Cancer Risk

A multicenter retrospective cohort study was conducted in eight 
university hospitals in Sweden from 1997 to 2017 with 3,645 persons 
carrying homozygous or compound heterozygous HFE pathogenic 
variants, matched by age, sex and country of residence to 36,423 
population-based reference individuals. This study showed no 
significant difference compared to reference individuals for the risk for 
breast cancer [hazard ratio (HR) = 1.08, 95% CI = 0.73–1.60] (12).

Similarly, a prospective European study of 451,143 participants from 
the UK Biobank, aged 40 to 70 years, over an average duration of 11.6 
years, evaluated the risks of non-hepatic cancers in carriers of HFE 
pathogenic variants. The study found an increased risk of prostate 
cancer in men homozygous for C282Y pathogenic variants, but no 
increased risk for other types of cancer, including breast cancer in 
women for either the HFE pathogenic variant C282Y and/or H63D 
(H63D+/+ HR = 1.09 95% CI = 0.96-1.25, p = 0.19; C282Y+/+ HR 
= 0.90, 95% CI = 0.69–1.18, p = 0.45; C282Y+/H63D+ HR = 0.99, 
95% CI = 0.87–1.14, p = 0.93) (13). 

This is also the case for a Brazilian case-control study, which evaluated 
68 patients with operable breast cancer, with a mean age of 54.2 years, 
compared with a control population of 85 women with no family 
history of cancer and no use of hormonal therapies. There was no 
association between H63D and C282Y pathogenic variants in the 
HFE gene and breast cancer risk (C282Y+/+ OR = 0.34, 95% CI = 
0.14–1.91; H63D+/+: OR = 0.53, 95% CI = 0.40–1.58) (14).

A German study involving 688 women under the age of 80 years, 
of Caucasian origin, and all diagnosed with breast cancer within the 
previous six months, analyzed 19 polymorphisms in genes involved 
in iron metabolism, including the HFE gene. The results showed no 
significant differences in allele or genotype frequencies between breast 
cancer patients and controls, suggesting that these variants do not 
have a direct effect on breast cancer incidence (C282Y +/- OR = 0.92, 
95% CI = 0.65–1.37; H63D +/- OR = 0.87, 95% CI = 0.67–1.13; 
H63D +/+ OR = 0.79, 95% CI = 0.37–1.71). However, a possible 
association was observed between the HFE C282Y allele and higher 
lymph node involvement in patients, which may suggest a link with 
tumor progression. This observation, however, was limited by the 
small sample size (15).

2. Studies Reporting a Significant Association Between 
hemochromatosis and Breast Cancer Risk

In contrast to the studies described above, Kallianpur et al. (16) 
found a strong association between C282Y pathogenic variants in 
the HFE gene and an increased risk of breast cancer, with significant 
public health implications, particularly for hemochromatosis 
genetic screening and breast cancer prevention. They compared the 
frequency of C282Y pathogenic variants in a population of 168 
patients who underwent chemotherapy or blood cell transplants 
for cancer treatment between 1995 and 1998 at the Vanderbilt 
University Medical Center in Tennessee. The study compared breast 
cancer patients with those treated for non-breast cancers, including 
hematologic cancers, as well as a sample of cancer-free individuals 
from a Tennessee clinic and national population data. The frequency 
of at least one C282Y allele in breast cancer cases was higher (36.6%, 
5 homozygotes/10 heterozygotes) than in the Tennessee clinic 
population (12.7%, p<0.001), the general population (12.4%, 
p<0.001), and similarly selected non-breast cancer cases (17.0%, 

Figure 1. Flow chart showing the studies selection
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p = 0.008). The probability of developing breast cancer increased 
with the number of C282Y alleles (p = 0.010), and serum iron 
analysis confirmed higher levels in breast cancer patients carrying 
these pathogenic variants (16).

Similarly, a prospective cohort study using data from the Melbourne 
Collaborative Cohort Study followed 28,509 participants aged 
between 27 and 75 years, enrolled from 1990 to 1994, for an 
average of 14 years to examine the link between pathogenic C282Y 
in HFE and cancer risk, particularly for breast, colon, and prostate 
cancer. The study demonstrated a significant 2.39-fold increase 
in breast cancer risk among individuals homozygous for C282Y 
pathogenic variant (HR = 2.39, 95% CI 1.24–4.61, p = 0.01). 
However, compound heterozygous C282Y/H63D individuals did 
not show an increased breast cancer risk (HR = 1.16, 95% CI = 
0.74–1.84) (17).

A meta-analysis published in 2016, including 36 studies with 87,028 
participants (13,680 cancer cases and 73,348 controls), also found a 
trend towards an approximately two-fold increased breast cancer risk 
in patients with C282Y homozygous pathogenic variant of HFE (OR 
= 2.14, 95% CI 1.24–3.70, p = 0.673). However, no increased breast 
cancer risk was demonstrated in patients with H63D pathogenic 
variants of the HFE gene (18), contrary to Gunel-Ozcan et al. (19), 

who found a significant difference in a retrospective study comparing 
the frequency of C282Y and H36D pathogenic variants in the HFE 
gene among Turkish women with breast cancer and healthy controls, 
suggesting that H63D pathogenic variants might be associated with a 
two-fold increased breast cancer risk (HR = 2.05, 95% CI 1.12–3.75, 
p = 0.02). 

Similarly, another case-control study was conducted to determine the 
frequency of C282Y and H63D pathogenic variants in the HFE gene 
in Russian women with hormone-dependent cancers, including breast, 
ovarian and endometrial cancer. There was a significant increase in 
the risk of breast cancer in women over 57 years with heterozygous 
or homozygous H63D pathogenic variants (HR = 4.4, 95% CI 
= 1.4–14.1, p = 0.002). This association was not found for C282Y 
pathogenic variants (20). 

A meta-analysis was conducted by Zhang et al. (21), including 20 
studies in total published between 1999 and 2005, of which seven 
assessed the risk of breast cancer in patients with C282Y pathogenic 
variants of the HFE gene, with a total of 2,353 cases and 19,171 
controls, as well as five studies concerning the risk of breast cancer 
in patients with H63D pathogenic variants of the HFE gene, with a 
total of 1,570 cases and 2,449 controls. An association was found only 
in patients who were homozygous for the C282Y pathogenic variant 

Table 1. Studies evaluating the association between HFE gene mutations and breast cancer risk

Author 
(reference)

Study type
(n = 73,981)

Year Average 
age 

(years)

Country HFE mutation Results

N
o 

lin
k 

be
tw

ee
n 

H
C

 a
nd

 b
re

as
t 

ca
nc

er

Abraham 
et al. (15)

Case-control

(n = 1,412)
2005 58.7 Germany C282Y, H63D

C282Y: OR = 0.92, 95% 
CI = 0.65–1.37 H63D: OR = 0.79, 

95% CI = 0.37–1.71

Batschauer 
et al. (14)

Case-control

(n = 153)
2011 54.12 Brazil C282Y, H63D

C282Y: OR = 0.34, 95% 
CI = 0.14–1.91

H63D: OR = 0.53, 95% 
CI = 0.40–1.58

Hagström 
et al. (12)

Retrospective cohort

(n = 40,057)
2021 52.6 Sweden C282Y, H63D HR = 1.08, 95% CI =  0.73–1.60

Atkins 
et al. (13)

Prospective cohort

(n = 9,238)
2022 56.8

United-
Kingdom

C282Y, H63D

H63D: HR = 1.09, 95% 
CI = 0.96–1.25

C282Y: HR = 0.90, 95% 
CI = 0.69–1.18

C282Y/H63D: HR = 0.99, 95% 
CI = 0.87–1.14
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er Kallianpur 

et al. (16)
Case-control

(n = 5,510)
2004 53.0

United 
States of 
America

C282Y OR =  2.55, 95% CI =  1.35–4.81

Gunel-Ozcan 
et al. (19)

Case-control

(n = 188)
2006 41.0 Türkiye H63D HR = 2.05, 95% CI = 1.12–3.75

Kondrashova 
et al. (20)

Case-control

(n = 360)
2006 53.2 Russia H63D HR = 4.4, 95% CI = 1.4–14.1

Osborne 
et al. (17)

Prospective cohort

(n = 17,063)
2010 48.3 Australia C282Y

C282Y: HR = 2.39, 95% 
CI =  1.24–4.61

HC: Hemochromatosis; HR: Hazard ratio; OR: Odds ratio; CI: Confidence interval
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(OR = 1.76, 95% CI = 1.05–2.94, p = 0 .425), suggesting an increased 
risk of breast cancer in this population. No association was found 
between H63D pathogenic variants in HFE and an increased risk of 
breast cancer (21).

3. The Present Meta-Analysis

We conducted a meta-analysis to investigate the association between 
hereditary hemochromatosis-related pathogenic variants (primarily 
C282Y and H63D) and the risk of breast cancer. This included eight 
studies with a total of 73,981 patients. Our meta-analysis was carried 
out with two additional recent studies, dating from 2021 and 2022, 
with non-negligible sample sizes, which the meta-analyses by Lv et al. 
(18) and Zhang et al. (21) did not provide.

a. Pooled Effect

The random-effects model estimated a pooled OR of 1.36 (95% CI 
= 0.75–1.98) for breast cancer among carriers of hemochromatosis 
pathogenic variants. Although the point estimate suggested an 
increased risk, between-study heterogeneity was substantial (Q = 88.4, 
df = 11, p<0.001; τ² = 0.96).

b. Subgroup Analyses

• By Mutation

Subgroup analysis by mutation type (C282Y, H63D, combination) 
did not reveal significant differences between groups (F = 0.183, 
p = 0.835). The type of mutation did not explain the observed 
heterogeneity.

• By Zygosity

Similarly, zygosity (homozygous vs. heterozygous/compound 
heterozygous) was not a significant moderator (F = 0.009, p = 0.927).

• By Design and Quality

Meta-regression incorporating study design (cohort vs. other) and 
methodological quality (high vs. low) showed no significant effect. 
Design (cohort); β = +0.06 (log OR), p = 0.69; Quality (high); 
β = -0.43 (log OR), p = 0.19. These variables did not account for 
heterogeneity (Adjusted R² = –0.005).

c. Meta-Regression

Additional meta-regression assessed the effects of mutation (C282Y), 
zygosity (homozygous), and year of publication. C282Y mutation; β 
= -0.10 (log OR), p = 0.55; Homozygosity; β = +0.10 (log OR), p 
= 0.53; year of publication; β = -0.006 (log OR), p = 0.58. None of 
these factors significantly influenced effect size variability (adjusted R² 
= -0.19).

d. Publication Bias

Funnel plot inspection revealed no evident asymmetry. Egger’s 
regression intercept was not significant (p = 0.41), suggesting no 
publication bias.

e. Sensitivity Analysis

Leave-one-out sensitivity analysis showed that no single study 
significantly influenced the pooled estimate. The OR remained stable 
across exclusions (Figure 2).

Discussion and Conclusion

The international literature reveals contrasting results regarding the 
association between hemochromatosis and breast cancer. On the one 
hand, some studies, such as those by Hagström et al. (12) and the 
UK Biobank (13), showed no significant increase in the risk of breast 
cancer in individuals who were homozygous for C282Y pathogenic 
variants in the HFE gene. In contrast, some studies such as those by 
Kallianpur et al. (16) and Osborne et al. (17) indicated a significant 
link between these pathogenic variants and an increased risk of 
developing breast cancer. Several methodological and biological factors 
may explain these discrepancies. Firstly, differences in study design, 
sample size and length of follow-up considerably influence the results. 
For example, the study by Kallianpur et al. (16) is based on a smaller 
cohort. In contrast, large-scale studies such as the UK Biobank study 
(13) benefit from greater statistical power but may not capture specific 
sub-populations at risk, such as menopausal women.

The variable clinical penetrance of hereditary hemochromatosis 
associated with HFE pathogenic variants, particularly C282Y 
homozygosity, has important implications for patient monitoring in the 
context of cancer risk. Although only 10% to 33% of individuals with 
this genotype develop clinically manifest hereditary hemochromatosis, 
a significantly larger proportion exhibit elevated biochemical 
markers of iron overload, including increased serum ferritin and 
transferrin saturation. This discrepancy between biochemical and 
clinical expression highlights the need for an individualized follow-
up strategy, rather than a genotype-based approach alone. Compound 
heterozygotes and H63D homozygotes typically present with mild 
elevations in iron indices, but these are generally not associated with 
progressive iron-related organ damage unless additional risk factors are 
present (22).

From a pathophysiological point of view, the mechanisms linking 
excess iron to breast carcinogenesis remain complex and yet 
incompletely elucidated. The role of oxidative stress induced by 
excess iron, implicated in DNA damage and genomic instability, is 
an argument in favor of a carcinogenic influence. In addition, the 
interaction between iron and estrogens suggested by Marques et al (23) 
and Wyllie and Liehr (24) could explain why this risk is more marked 
in post-menopausal women, where the increase in iron stocks coincides 
with alterations in hormonal metabolism. Finally, contradictory 
results are also emerging concerning the involvement of the H63D 
pathogenic variant in the HFE gene. While the meta-analysis by Lv 
et al. (18) shows no significant association, the study by Gunel-Ozcan 
et al. (19) suggested an increased risk of breast cancer in women with 
these pathogenic variants. These disparities highlight the importance 
of continuing investigations with more specific studies incorporating 
more parameters, such as menopausal status, environmental factors 
and metabolic co-morbidities. 

Monitoring iron status in HFE pathogenic variant carriers is 
particularly relevant in oncology, as emerging evidence suggests a link 
between iron excess and tumor progression. High circulating iron 
levels and transferrin saturation have been associated with increased 
risk of distant metastasis in breast cancer, possibly via promotion of 
oxidative stress, immune evasion, and pro-metastatic niche formation. 
In a retrospective monocentric study conducted at the University 
Hospitals of Leuven, De Troy et al. (25) examined the relationship 
between iron metabolism markers at the time of early-stage breast 
cancer diagnosis and the risk of developing distant metastases. Among 
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1,113 women with unilateral, unifocal breast cancer and available iron 
profiles (serum iron, ferritin, and transferrin saturation) measured 
within six weeks of diagnosis, 10% developed secondary metastases 
during a median follow-up of seven years. Multivariate Cox regression 
analysis showed that a 10% increase in transferrin saturation was 
associated with a 19% increase in metastatic risk (HR = 1.19, 95% CI 
= 1.02–1.38), and a 10 µg/dL increase in serum iron was associated 
with a 6% increase in metastatic risk (HR = 1.06, 95% CI = 1.01–
1.12). In contrast, ferritin levels were not significantly associated with 
the occurrence of metastases. No associations were found between 
iron status and the metastatic site or tumor molecular subtype. The 
findings suggest that elevated circulating iron and iron saturation 
at diagnosis may contribute to the formation of a pro-metastatic 
microenvironment and support the potential benefit of targeting 
iron metabolism, for example through iron chelation or ferroptosis 
induction, as a therapeutic strategy in breast cancer.

In this context, iron overload may act not only as a metabolic 
comorbidity but also as a modifier of cancer behavior. Environmental 
and physiological factors, such as age, sex, alcohol intake, metabolic 
syndrome, viral hepatitis, and menopausal status, significantly 

influence the progression to clinical iron overload and may synergize 
with cancer-related pathways. Furthermore, secondary genetic 
modifiers (e.g., HAMP, HJV, or BMP variants), high dietary heme 
iron intake, or the use of acid suppression therapy can further modulate 
iron burden and therapeutic requirements (22).

Although several studies have investigated the association between 
HFE pathogenic variants and breast cancer risk, none have specifically 
reported on the histological subtypes of breast cancer in women with 
hereditary hemochromatosis. The current literature predominantly 
focuses on genetic associations, iron metabolism, and overall cancer 
incidence, without detailing tumor morphology or receptor status. 
Furthermore, while some studies suggest an increased prevalence of 
breast cancer in HFE pathogenic variant carriers, particularly those 
with H63D or C282Y variants, data regarding the age of onset remain 
limited. Notably, one study conducted in a Russian population found 
that the breast cancer risk associated with the H63D pathogenic 
variant increased significantly in women over the age of 57 years (20).

This meta-analysis offers several significant strengths compared 
to previous investigations on the association between hereditary 

Figure 2. Meta-analysis of the association between hereditary hemochromatosis-related pathogenic variants and breast cancer risk
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hemochromatosis and breast cancer risk. First, all included studies are 
recent, published in the last 20 years. Second, it integrates data from 
a geographically and ethnically diverse set of populations, including 
studies from Europe (Germany, Sweden, UK, Russia, Türkiye), North 
and South America (USA, Brazil), and Australia. This diversity enhances 
the generalizability of the findings across different genetic backgrounds 
and environmental contexts. Third, the included studies allow for 
stratified analysis by specific HFE genotypes (C282Y homozygotes, 
H63D carriers, compound heterozygotes), enabling a more nuanced 
assessment of genotype-specific cancer risks, particularly in women. 
This meta-analysis incorporates data from large-scale, prospective 
cohort studies such as the UK Biobank and the Melbourne Collaborative 
Cohort Study, which provide high-quality, population-based evidence 
with long-term follow-up. Moreover, age- and sex-stratified data enable 
the evaluation of potential effect modifiers, such as menopausal status, 
which may influence the penetrance of HFE mutations. 

Our meta-analysis indicated a potential association between C282Y 
and H63D pathogenic variants in HFE and an increased risk of breast 
cancer. Although this trend did not reach statistical significance, the 
observed signal justifies further investigation through large-scale studies 
with reduced heterogeneity to better determine this relationship and 
potentially warrant adjusting breast surveillance in carriers. Indeed, 
the UK Age Trial, a randomized study of 160,921 women, showed that 
annual mammography from ages 40 to 48 years of age reduced breast 
cancer mortality by 25% in the first 10 years (risk ratio = 0.75, p = 
0.029), with one death prevented per 1000 women screened. No long-
term increase in overdiagnosis or other mortality was observed (26).

Breast cancer and hereditary hemochromatosis are two major public 
health problems. While the present meta-analysis did not demonstrate 
a significant association between HFE pathogenic variants, especially 
C282Y and H63D, and breast cancer risk, a consistent trend toward 
increased risk, especially among C282Y homozygotes, was observed. 

Given the absence of randomized trials with mortality endpoints, 
our findings cannot justify changes in clinical practice at this stage. 
However, they provide a rationale for future prospective studies to 
assess whether women carrying these pathogenic variants, especially 
C282Y/C282Y homozygotes, might benefit from adapted breast cancer 
surveillance strategies. Such research could help determine whether 
personalized screening approaches, potentially incorporating more 
frequent evaluations or advanced imaging modalities, would improve 
early detection in this probable genetically predisposed population.
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Key Points

•	 Pseudoangiomatous stromal hyperplasia (PASH) often coexists with other lesion, complicating preoperative diagnosis.

•	 Hormone therapy appears to influence PASH development.

•	 Symptomatic PASH lesions typically require surgical excision, while conservative management may be appropriate for asymptomatic cases.

•	 We propose an algorithm to optimize PASH management and avoid unnecessary surgeries.

ABSTRACT

Pseudoangiomatous stromal hyperplasia (PASH) is a benign breast lesion frequently discovered incidentally during imaging or biopsy for other conditions. 
We present two cases of PASH associated with fibroadenomas in premenopausal women, both presenting as palpable, symptomatic breast masses. In the first 
case, a 26-year-old woman exhibited a 5.2 cm hypoechoic lesion, initially diagnosed as PASH on core biopsy, later confirmed as fibroadenoma with PASH 
components post-excision. The second case involved a 37-year-old woman with a painful 5.6 cm mass, diagnosed similarly via biopsy, and later confirmed 
as fibroadenoma fully colonized by PASH after surgical removal. Both cases highlight the diagnostic challenge in distinguishing PASH from fibroadenomas, 
given overlapping clinical and imaging features. Hormonal factors, particularly contraceptive use, may contribute to PASH development. Management 
remains controversial, with surgery indicated for symptomatic lesions, while conservative approaches may suffice for smaller, asymptomatic cases. Based on 
our findings and current literature, we propose a management algorithm to guide clinicians in differentiating cases warranting surgical intervention from 
those suitable for monitoring. Further studies are needed to validate this approach.

Keywords: Breast lesion; hormonal influence; pseudoangiomatous stromal hyperplasia; surgical management

Introduction 

Pseudoangiomatous stromal hyperplasia (PASH) is a benign breast 
condition identified in approximately 6% of biopsies performed for 
other benign lesions (1). First described by Vuitch et al. (2) in 1986, 
PASH is predominantly detected incidentally (3). A 23% incidence 
was reported in a series of 200 consecutive breast biopsies for benign 
and malignant lesions (4).

Histologically, PASH consists of a benign proliferation of myofibroblasts 
arranged in slit-like spaces mimicking vascular channels within the 
interlobular and intralobular connective tissue. PASH predominantly 
affects premenopausal women and is often associated with estrogen 
and progesterone receptor positivity (95%) (1, 3). 

Immunohistochemistry typically shows positivity for fibroblast 
markers (CD34+) and negativity for endothelial markers (CD31–) (3).

Currently, there are no specific management guidelines for PASH. 
It can present as a microscopic finding, a palpable nodule, or in 
association with another lesion (4).

A retrospective study of 66 PASH cases observed progression, defined 
as an increase in lesion volume, in 16.6% of cases after a median follow-
up of 26 months (5). PASH has been reported alongside other benign 
or malignant lesions, including apocrine metaplasia, fibroadenoma, 
hamartoma, intraductal papilloma, atypical ductal hyperplasia, and 
lobular carcinoma in situ, occurring in 1–26% of cases (5). Another 
study of 70 cases of PASH found that 60.4% were associated with 
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benign epithelial lesions, 25.6% with atypical hyperplasia, and 11% (n 
= 9/79) with infiltrating carcinoma (p<0.001), including one case of 
non-invasive ductal carcinoma in situ (6).

Interestingly, Degnim et al. (1) found that women with PASH had 
a lower breast cancer risk compared to women without PASH (p = 
0.01), in a large cohort with a mean follow-up of 18.5 years. Esmer 
et al. (7) similarly reported no cases of malignant transformation after 
a mean follow-up of 55 months. Moreover, among 335 phyllodes 
tumors, PASH was present in 70% of cases and correlated with lower 
tumor grade, reduced malignancy risk, and lower recurrence rates (8). 
The mechanism behind the observed reduced breast cancer risk in 
PASH remains unclear.

The aim of this study was to better define which cases of PASH require 
surgical excision and to propose a decision-making algorithm, based 
on two cases managed at the Senology Department of the Institut de 
Cancérologie de Strasbourg, Europe.

Case Presentations

Case 1 (Figure 1)

A 26-year-old woman presented after detecting a lump in her right 
breast. She had no relevant medical history, was nulligravid, and had 
been on hormonal contraception for three years. On examination, a 
mobile, 4 cm mass was palpated in the inner quadrants of the right 
breast, with no skin abnormalities or palpable nodes.

Ultrasound revealed a hypoechoic, oval-shaped mass measuring 5.2 
cm, with multilobulated contours, minimal vascularization, and 
benign elastographic features. No adenopathy was noted.

Core biopsy demonstrated a fibrous, hyaline collagenous lesion with 
multiple pseudo-vascular slit-like spaces, consistent with PASH, with 
no features suggestive of phyllodes tumor. The fibrotic architecture 
favored a diagnosis of PASH.

Due to the lesion’s size and discomfort, a lumpectomy via a periareolar 
incision was performed. Intraoperative radiography confirmed 
complete excision. The pathological examination described a 4.8×3.7 
cm nodular, fibrous, whitish lesion with multilobulated contours. 
Histology revealed a fibroadenoma with a low-cellularity stroma 
partially replaced by PASH, without malignancy.

Postoperative follow-up at 13 days showed good cosmetic results 
and complete wound healing. Clinical and imaging follow-up was 
scheduled at six months.

Case 2 (Figure 2)

A 37-year-old woman presented with a self-palpated, painful 5 cm 
mass in the upper outer quadrant of her right breast. Her history 
included two pregnancies, progestin-only contraception, and prior 
treatment of an Arnold nerve schwannoma with radiotherapy.

On clinical examination, a painful 5 cm mass was found. 
Mammography revealed a rounded central opacity measuring 5.6 cm, 
corresponding on ultrasound to a strongly hypoechoic mass. Imaging 
was classified as breast imaging reporting and data system (BI-RADS) 
3 (right) and BI-RADS 1 (left).

Core biopsy showed a fibro-epithelial lesion with non-compressed 
glandular elements, without epithelial hyperplasia or atypia. The 
collagen-rich stroma contained a dense network of anastomotic cavities 
lined by fusiform cells without atypia or mitoses, highly suggestive of 
nodular PASH.

Surgical excision was performed for symptomatic relief. Intraoperative 
radiography confirmed complete removal. Histological analysis revised 
the diagnosis to a fibroadenoma entirely colonized by PASH. Histology 
demonstrated a hypercellular connective tissue component with 
abundant anastomotic, optically empty slits surrounded by hyalinized 
fibrocollagenous CD34+ stroma, without endothelial marker (e.g., 
ERG) expression.

Figure 1. Case 1. Ultrasonography (A), low-power magnification showing a circumscribed but lobulated biphasic fibroepithelial lesion (B), with 
area exhibiting features of PASH at higher magnification (C), characterized by dense collagenic stroma shaping anastomosing slit-like channels 
(*) with CD34 immunoreactivity (**) (D) and without endothelial marker immunoreactivity (e.g., ERG) despite internal control positivity (***) (E) 

PASH: Pseudoangiomatous stromal hyperplasia
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At 12-day follow-up, wound healing and cosmetic outcomes were 
satisfactory. Surveillance was scheduled for six months.

Discussion and Conclusion

These two cases highlight the frequent association of PASH with 
fibroadenomas. Despite biopsy results favoring a diagnosis of PASH, 
the palpable nature of the lesions was ultimately attributable to the 
fibroadenoma components.

Both patients were premenopausal and on hormonal contraception, 
consistent with known risk factors for PASH. Hormonal influence 
is supported by Vuitch et al. (2), who found similarities between 
PASH stroma and physiological changes during the luteal phase. 
In postmenopausal women, PASH is often linked to hormone 
replacement therapy (9), while in men, it is frequently associated 

with gynecomastia (10, 11). In addition, cytochrome P450-mediated 
drug metabolism may influence PASH development by altering 
estrogen and progesterone pathways (12). This is further supported 
by a retrospective study showing reduced PASH incidence among 
transgender individuals undergoing prolonged testosterone therapy 
(median follow-up: 17 months, p<0.001) (13).

Some reports suggest tamoxifen therapy (off-label) as a non-surgical 
treatment option for symptomatic PASH, given its presumed 
hormonal etiology. Two case reports described rapid symptom relief 
and breast volume reduction with tamoxifen, although efficacy waned 
in one case after three months (14, 15).

Currently, no formal PASH management guidelines exist. Based on 
our cases and literature review, we propose a management algorithm 
(Figure 3). According to this algorithm, symptomatic and palpable 

Figure 2. Case 2. Mammography (A), surgical specimen (B), low-power magnification showing a circumscribed biphasic fibroepithelial lesion 
with leaf-like pattern (C), comprising area exhibiting features of PASH at higher magnification (D), characterized by anastomosing slit-like 
channels (*) with weak CD34 immunoreactivity (**) (E) and without endothelial marker immunoreactivity (e.g., ERG) despite internal control 
(***) (F)

PASH: Pseudoangiomatous stromal hyperplasia

Figure 3. Algorithm for PASH management

PASH: Pseudoangiomatous stromal hyperplasia; *: Off-label prescription
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lesions warrant surgical excision. In contrast, for smaller lesions, 
withdrawal of hormonal contraception followed by re-evaluation after 
six months may be considered. Validation of this approach in larger 
cohorts is necessary to avoid unnecessary surgeries in benign cases.
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Key Points

•	 Increasing use of left ventricular assist devices (LVAD) raises the likelihood that these patients would develop cancer requiring radiotherapy.

•	 Safe irradiation dose limits are better studied for cardiac implantable electronic devices but data on LVAD are scarce.

•	 This case report involves a breast cancer patient, required LVAD placement during chemotherapy and later was indicated with radiotherapy.

•	 With maximum and mean doses to whole LVAD system being 767 cGy and 227 cGy, respectively, no LVAD malfunction occured throughout the
follow-up period.

•	 LVAD does not necessarily contraindicate radiotherapy; risks and consequences should be evaluated in a multidisciplinary context.

ABSTRACT

The increasing use of cardiac artificial devices, such as cardiac implantable electronic devices (CIED) and left ventricular assist devices (LVAD), results in 
longer life expectancy and thus may eventually coincide with a risk of cancer diagnosis and requirement for radiotherapy. Safe irradiation dose limits are 
better studied and reported for CIEDs, but data on LVAD irradiation are scarce. We present a case of a patient diagnosed with breast cancer who developed 
heart failure and was given an LVAD, received appropriate oncological care including chemotherapy, surgery, and, after careful multidisciplinary review, 
radiotherapy. The patient’s right-sided initial stage II (T1N1) disease necessitated radiation treatment to the chest wall and regional lymphatic nodal areas. 
Meticulous radiotherapy planning and treatment delivery were performed, and daily LVAD performance checks were done. Maximum and mean doses 
received by the LVAD system were 767 cGy and 227 cGy, respectively, for the whole treatment period (5000 cGy/25 fractions).  During radiotherapy 
and after 41 months of follow-up, no VLAD malfunction was observed. As this case shows, having an LVAD does not appear to be a contraindication for 
radiotherapy delivery. Possible risks and consequences should be evaluated in a multidisciplinary setting.

Keywords: Left ventricular assist device; breast cancer; radiotherapy; case report

Introduction

Advances in cardiac device technologies have led to an increased use 
of cardiac implantable electronic devices (CIED) and left ventricular 
assist devices (LVAD) (1). With longer life expectancy in this patient 
population, the likelihood of cancer diagnosis, and thus the need for 
radiotherapy, also increases. While safe irradiation limits are more 
thoroughly studied for CIEDs, data regarding the safe irradiation of 
LVADs are scarce. Limited in vitro and in vivo studies indicate that 
radiotherapy doses up to 70 Gy, at the upper end of the therapeutic 
spectrum, may be administered safely. Herein, we report a case of 
breast cancer with a long follow-up for a patient with an in situ LVAD 
who was safely irradiated.

Case Presentation

A 41-year-old premenopausal female with a history of non-Hodgkin 
lymphoma, treated 25 years ago with chemotherapy, the details of 
which were unavailable, and no history of radiotherapy and no known 
comorbidity, presented with a right axillary mass. With consideration 
of lymphoma relapse, the patient underwent excisional biopsy, which 
resulted in lymph node metastasis of “invasive ductal carcinoma of 
breast”. Bilateral mammography and ultrasound revealed a right breast 
upper outer quadrant lesion with malignant features. Tru-cut biopsy 
from breast lesion was consistent with invasive ductal carcinoma 
of breast (estrogen receptor  +++; progesterone receptor  -, human 
epidermal growth factor receptor 2 +++). The patient was thus initially 
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diagnosed as T1N1 (stage II) breast cancer, and the oncological team 
started treatment with neoadjuvant chemotherapy. The initial phase 
of neoadjuvant chemotherapy, including four cycles of doxorubicin 
(60 mg/m2) + cyclophosphamide (600 mg/m2), was completed with 
no adverse effects. After the first cycle of trastuzumab (8 mg/kg) + 
pertuzumab (840 mg) + docetaxel  (75 mg/m2), the patient developed 
chest pain, shortness of breath, abdominal and lower extremity 
swelling and was diagnosed with dilated cardiomyopathy with low 
left ventricular ejection fraction of only 25% due to cardiotoxic 
systemic therapy. With no clinical improvement with medical therapy, 
a HeartWare HVAD (HeartWare Inc., Miami Lakes, FL, USA) was 
implanted, stabilizing her hemodynamics. Subsequently, the patient 
underwent total mastectomy and axillary dissection, with pathology 
revealing complete response. After careful multidisciplinary evaluation 
of the cardiac and oncologic status of the patient, adjuvant radiotherapy 
was planned. Written informed consent was taken from the patient.

Radiotherapy Simulation and Treatment Course

External LVAD parts were carefully observed, and a 5 mm-thick lead 
shield box for the external system controller was produced. The patient 
was placed on a breast board with arms above the head (Figure 1). 
Radiotherapy was prescribed to the right chest wall and regional lymphatics 
(axillary levels 1–4) for 50 Gy in 25 fractions. Intracorporeal LVAD parts 
were delineated separately (Figure 2). An anterior supraclavicular field 
and opposed 6 MV photons to the right chest wall area (Figure 3) were 
used for treatment to minimize radiation exposure to LVAD subparts. 
Radiation doses received by separate parts of LVAD is shown in Table 1. 
A cardiology nurse and device specialist were available for each treatment 
and conducted daily pre- and post-treatment measurements of flow and 
power as a surrogate for LVAD performance, which showed no major 
measurable alterations. Treatment was completed without any device 
errors or malfunctions (Table 2). During cardiologic follow-up visits, no 
signs of LVAD malfunction were observed. 

Oncological follow-up continued with no local or systemic breast 
cancer recurrence. Forty-nine months after breast cancer diagnosis 
and 41 months after LVAD placement, she had a non-traumatic 
intracranial hemorrhage and underwent decompression surgery, and 
unfortunately, died due to sepsis during post-op care.

Discussion and Conclusion

Deciding whether to give radiotherapy for patients with LVAD may 
be challenging, considering the scarcity of high-quality data. Herein, 
we describe a breast cancer patient with LVAD who safely received 
adjuvant radiotherapy. Accumulated doses caused no disturbance to 
LVAD function during follow-up. To the best of our knowledge, this 
is the first patient who had a HeartWare LVAD and received adjuvant 
radiation therapy for primary breast cancer.

In terms of the safety of radiotherapy with LVADs, a review by Spano 
et al. (2), reported that LVAD performance was unaffected for doses 
of up to 70-75 Gy which are considered in therapeutic range for 
both photon and proton beams in several in vitro studies. However, 
Sindhu et al. (3) found, while the pump components were resilient to 
the 70 Gy of proton irradiation, the driveline part showed functional 
disturbance at 30 Gy of continuous proton irradiation, necessitating 
careful evaluation of various parts of the LVAD in dose-volume 
analysis.

To date, only twelve case reports, including eighteen cases, have been 
published (2, 5-13). These reports evaluated radiotherapy safety in 
various tumor sites and with different LVAD brands [HeartMate, 
Abbott, Chicago, IL, USA (HM II-III)]; HeartWare, HeartWare Inc., 
Miami Lakes, FL (HW); Thoratec, Thoratec, Pleasanton, CA; Novacor 
LVAD Atlas II VR SN, St. Jude Medical, Saint Paul, Minnesota, US. 
In most studies, patients were implanted with a HeartMate LVAD.

Figure 1. Patient positioned on breast board and extracorporeal 
system control unit placed between the legs of the patient, covered 
with lead shield box

Figure 2. Delineation of heart (blue), aorta (pink), and LVAD parts 
[yellow: LVAD pump (Dmax: 24 cGy, Dmean: 9 cGy); cyan: outflow graft 
(Dmax: 767 cGy, Dmean: 227 cGy); orange: driveline (Dmax: 199 cGy, 
Dmean: 52 cGy)]

LVAD: Left ventricular assist devices

Table 1. Radiation doses received by different parts of 

LVAD

Maximum dose (cGy) Mean dose (cGy)

LVAD pump 24 9

Outflow graft 767 227

Driveline 199 52

LVAD: Left ventricular assist devices
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Eight studies evaluated nine patients treated with conventionally 
fractionated radiotherapy, while six studies evaluated nine patients 
treated with stereotactic body radiotherapy (SBRT) (2, 8, 9, 13, 
15). One study reported a lung cancer patient treated with proton 
beams (11). Studies reporting cardiac ablative therapies with SBRT 
for arrhythmias were reviewed by Benali et al. (4), with no LVAD-
related complications after SBRT and are not included in this review. 
In fifteen cases, radiotherapy fields involved the thoracic region, in 
two cases, encompassed pelvic areas, and in one case, treatment was 
directed to the whole body.

In the studies reporting the variables that reflect the performance of the 
LVAD, such as power, flow, and rotational speed, all report insignificant 
changes between pre- and post-irradiation values (2,11,13). None of 
the studies reported any disturbance in device performance.

Previously published case reports are summarized in Table 3 (2, 5-15). 
Most of the studies used 6 to 15 MV photon beams with prescribed doses 
within the range of 20–66 Gy delivered in 3–33 fractions. Mean doses 
received by LVAD ranged between 8–1922 cGy, and maximum doses 
to LVAD and its subparts varied according to laterality of the tumor 
up to 6830 cGy (10). There was no reported device malfunctioning, 
with the longest reported follow-up being 29 months. We believe that 

this report will contribute to the current literature in several aspects, 
notably by reporting the successful delivery of radiotherapy in the first 
case with breast cancer primary and the second case with an implanted 
HeartWare LVAD. Furthermore, this report also reports the longest 
follow-up with 41 months and no device malformation.

With both in vitro and in vivo results stating the safe irradiation 
of LVAD and the review by Spano et al. (2) summarizing the 
recommendations, including ensuring a multidisciplinary approach, 
using beam energies <10 MV to minimize neutron contamination, 
ensuring a rapid response team is available, close monitoring of the 
patient, securing the extracorporeal parts, and interrogating the LVAD 
after each radiation session. In the presented case, contralaterality of 
the LVAD and primary tumor location made reducing radiation dose 
received by LVAD relatively simple, but in cases with close proximity 
between tumor site and the device, the radiotherapy becomes 
significantly more complex. Direct irradiation of the device may be 
unavoidable. In such situations, careful multidisciplinary planning is 
essential to balance optimal oncologic outcomes with device safety. 
Whenever feasible, attempts to reduce the dose received by the LVAD 
should be made, including advanced radiotherapy techniques such as 
intensity modulated radiotherapy or proton irradiation, or distancing 
the device from the radiotherapy field with techniques like deep 
inspiration breath hold.

Cancer patients with LVAD in situ pose a multifaceted challenge 
in radiotherapy in terms of treatment decision and technical 
considerations. The presented case described a patient who received 
adjuvant radiotherapy to the thoracic region, and yielded no evidence 
of device malfunction, thereby affirming its safe implementation in 
this case. There is limited published data regarding the safety of 
radiotherapy in patients with LVAD. More studies are needed in 
this area to ensure optimal patient safety and treatment decision-
making.

Figure 3. Radiotherapy dose distribution in axial and coronal views and LVAD placement (light orange) adequate target coverage was achieved 
(PTV_Chestwall D95%: 95.2%, PTV_Supraclavicular: D95%: 99.5%).  Heart Dmean: 86 cGy  

LVAD: Left ventricular assist devices

Table 2. Measured device flow and power parameters 

during treatment

  Flow (L/min) Power (watt)

1st Fraction - beginning 3.3 3.2

6th Fraction - week 2 3.9 3.4

11th Fraction - week 3 3.7 3.4

16th Fraction - week 4 3.9 3.4

21st Fraction - week 5 4.2 3.6

25th (Last) fraction 3.3 3.2
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Table 3. List of the studies reporting patients irradiated with VAD for various sites and techniques

Study Year Device Diagnosis Beam Prescription 
dose (cGy)

Fraction Max dose 
(cGy) to the 
device

Mean dose 
(cGy) to the 
device

Lasher et 
al. (5)

2008 Thoratec
Rectal 
adenocarcinoma

15 MV photon 4500 25 425 -

Netuka et 
al. (6)

2013 HM II 
Hodgkin 
lymphoma

NR NR 12 NR NR

Scobioala et 
al. (7)

 
2015

Novacor 
LVAD Atlas 
II VR SN (St. 
Jude Medical, 
Saint Paul, 
Minnesota, 
US)

Lung squamous 
cell carcinoma

 

Conventional: 
6/15 MV photon 
beams

2520 14

538 231

SBRT: 6 MV 3500 5

Emerson et 
al. (8)

2016 HM II
Gastroesophageal 
junction 
adenocarcinoma

15 MV photon 5040 NR 4900 1922

2016 HM II
Lung 
adenocarcinoma

SBRT: 6 MV 
photon

5400 3 61 9.6

2016 HM II
Lung cancer/
vertebral mets

6/15 MV photon 2000/3000 NR 2450 1423

Ostertag-
Hill et al. (9)

2018 HeartWare Lung nodule
SBRT: 6 MV 
photon

5000 5 698 45

Spano et 
al. (2) 2019 HM III

Lung 
adenocarcinoma SBRT: 6 MV 

photon
5000 5

VAD: 29 VAD: 8

Outflow 
graft: 991

Outflow 
graft: 147

Drive line: 
34

Drive line: 
11 

Sato et al. 
(10) 2020

NR Thymic carcinoma
6 MV photon 6600 33

Outflow 
graft: 6830

-

VAD: 0 -

CRT-D: 99 -

Schumer et 
al. (11)

2022 HM II
Lung squamous 
cell carcinoma

Proton beams 6000 30 NR NR

Yousafzai et 
al. (12)

2022 HM III
Sternal 
osteosarcoma

NR 6660 NR 46.4  

Butt and 
Sheikh (13)

2023 HM III
Lung 
adenocarcinoma

SBRT 3000 5 NR NR

2023 HMIII
Lung small cell 
carcinoma 

SBRT 5000 5 NR NR

Webster et 
al. (14)

2024 HM III
Acute 
myeloblastic 
leukemia

16 MV photon 400 2 120

Hayashi et 
al. (15)

2024

Lung 
adenocarcinoma

SBRT 42-52 Gy 4 <200

Lung 
adenocarcinoma

SBRT 42-52 Gy 4 <200

Lung 
adenocarcinoma

SBRT 42-52 Gy 4 <200

Alanyalı 
et al.

2025 HeartWare
Breast invasive 
ductal carcinoma

6 MV photon 5000 25

Outflow 
graft: 767

Outflow 
graft: 227

VAD: 24 VAD: 9

NR: Not reported; LVAD: Left ventricular assist devices
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Air-Assisted Mastectomy Using LigaSure for a Breast 
Cancer Patient With a Cardiac Pacemaker 
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Key Point

•	 Novel surgical technique: Air-assisted mastectomy.

ABSTRACT

Mastectomy is often performed using unipolar electrocautery. However, for patients with a pacemaker, alternative methods are necessary, as the use of 
unipolar cautery is not recommended. In the case presented herein, we made half-centimeter incisions on the skin to be removed. We then pumped air under 
the mastectomy flaps through these incisions using a hand pump and a lipoplasty cannula equipped with a filter. Following this, we made a Stewart incision 
and conducted the dissection using a LigaSure vessel-sealing device from the plane formed by the air. The surgery was successfully completed without any 
significant bleeding, and the patient was discharged without any complications. Notably, this innovative surgical technique was employed for the first time 
in a breast cancer patient. The cannula we developed has facilitated the creation of a dissection plane using air, similar to endoscopic mastectomy, without 
requiring additional ports or equipment. This technique has the potential to facilitate surgery for selected patients.

Keywords: Mastectomy; air-assisted mastectomy; minimally invasive surgical procedures; breast cancer; pacemaker; BRCA mutation

Introduction

Breast-conserving surgery (BCS) is the preferred approach in the surgical 
management of breast cancer; however, mastectomy remains essential 
for selected patients with high-risk features. Unipolar electrocautery is 
commonly used during mastectomy, but it is not suitable for patients 
with pacemakers (1). The aim of this report is to describe an air-
assisted mastectomy technique in a case where bilateral mastectomy 
was required, but unipolar electrocautery could not be used due to the 
patient's complete complete atrioventricular (AV) block. 

Case Presentation

In 1996, at the age of 31 years, the patient had BCS and axillary lymph 
node dissection (ALND) for a left breast tumor. The pathology report 
showed a T2N1 tumor (3.5 cm in size with 6 out of 28 metastatic 
lymph nodes). Adjuvant treatment included six cycles of  endoxan 
+ methotrexate + fluorouracil and radiotherapy to the left breast
and regional lymphatics. In 2002, at the age of 37 years, a T1N0 
medullary carcinoma was found in the right breast. The patient 

underwent  BCS + ALND, and the pathological evaluation revealed a 
1.5 cm triple-negative breast cancer with nine non-metastatic lymph 
nodes. Adjuvant treatment consisted of four cycles of adriamycin + 
cyclophosphamide and radiotherapy to the right breast. One year 
after chemotherapy, the patient developed complete AV block due 
to anthracycline toxicity, leading to the implantation of a cardiac 
pacemaker and an implantable cardioverter-defibrillator (ICD). In 
the course of the follow-up, a pathogenic mutation of BRCA-1 was 
identified on genetic analysis. Subsequently, in the 27th year of follow-
up, a 2 cm invasive carcinoma was detected in the retro-areolar region 
of the right breast. The multidisciplinary council advised upfront 
surgery in the form of a bilateral mastectomy. Given the patient’s 
pre-existing comorbidities and the contraindication of unipolar 
electrocautery due to the presence of a pacemaker, a decision was 
made to employ the air-assisted technique, which had previously been 
described for the treatment of gynecomastia (2).

A standard horizontal elliptical incision encompassing the nipple was 
marked on both breasts. Half-centimeter incisions were made on the 
skin to be excised. Air was pumped under the mastectomy flaps through 
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these incisions with a hand pump and a lipoplasty cannula with a 
filter (Figure 1, Video 1). Air insufflation into the subcutaneous tissue 
causes separation between the breast parenchyma and the overlying 
subcutaneous layer, making Cooper’s ligaments more prominent. This 
phenomenon is referred to as pneumocooper. The pneumocooper, 
achieved by introducing air beneath the skin facilitated the creation of 
a space between the mammary gland and subcutaneous tissue. Then 
a further incision was made, and the dissection was carried out with a 
vessel-sealing device (LigaSure) from the plane between the subdermal 
layer and the glandular tissue formed by the air. Furthermore, a 
dissection plan was formulated, delineating the space between the 
breast tissue and the fascia of the pectoralis major muscle. This was 
achieved through the introduction of air from the lateral border of the 
pectoralis major muscle via the hand cannula. Deep plane dissection 
was efficiently completed using the vessel-sealing device. The same 
procedure was performed bilaterally and a chemotherapy port was 
inserted with its catheter advanced into the right subclavian vein. The 
operation was completed in 150 minutes. As a vessel sealing device 
was used throughout the procedure, intraoperative bleeding was 
significantly less than in conventional mastectomy. The estimated 
blood loss was approximately 30 mL.

The patient was discharged on the second postoperative day (Figure 2).  
No complications occurred during the postoperative period or throughout 
the six months of follow-up. Histopathological evaluation revealed two 
foci of invasive ductal carcinoma measuring 2 cm (triple negative) 

and 0.5 cm (luminal A) in the right breast, and ductal carcinoma in 
situ in the left breast. The sentinel lymph node biopsy on the right 
side showed three non-metastatic lymph nodes. The recommended 
treatment plan included adjuvant chemotherapy (taxane-based) and 
hormonotherapy. Informed consent was obtained from the patient 
included in the study.

Discussion and Conclusion

This is the first case report describing the use of air-assisted dissection 
with LigaSure in a breast cancer patient with a cardiac pacemaker, 
offering a unique alternative to unipolar cautery. The use of the 
Harmonic device in breast cancer patients with pacemakers has been 
reported previously (3, 4). In the present case LigaSure was used as a 
vessel-sealing device. In addition, the air-assisted technique was used to 
make the dissection faster, easier, and with less bleeding. The guidelines 
of the Heart Rhythm Society comment that unipolar electrocautery 
poses a significant risk of interference with pacemakers or defibrillators 
(1). While precautions such as magnet placement or reprogramming 
may be considered, the presence of an ICD in this patient rendered 
the use of unipolar cautery inadvisable, hence prompting the use of 
the LigaSure device.

The patient had a history of bilateral BCS for previous bilateral breast 
cancer. While recurrence was detected unilaterally on imaging, a 
bilateral mastectomy was deemed appropriate in light of the patient’s 

Figure 1. Hand pump and lipoplasty cannula with a filter and its application

Figure 2. Preoperative and postoperative images
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BRCA1 mutation, high comorbidity burden, and limited tolerance 
for additional surgeries. While a second BCS may be considered in 
selected cases of recurrence (5), the patient’s genetic background and 
comorbid profile made this option unsuitable.

Previous research suggested that in high-risk anesthesia patients, 
mastectomy may be performed using a subcutaneous tumescent 
solution (6). However, the tumescent technique can make dissection 
with bipolar cautery more challenging and there is evidence that 
skin necrosis rates may be higher (7). Unlike the tumescent solution, 
which may increase the risk of skin necrosis, an air-assisted dissection 
technique may offer a safer alternative by facilitating clearer dissection 
planes and reducing thermal injury, thereby potentially lowering skin-
related morbidities. The Shaw scalpel has also been reported as a safe 
alternative in patients with pacemakers but it is not routinely used in 
our institution and would incur additional cost (8).

Our method involved using a hand pump to insufflate air into the 
subcutaneous area, creating a pneumocooper, which allowed for 
dissection without any bleeding through the use of the vessel-sealing 
device. Our team developed this specific cannula for this purpose, 
enabling us to expedite the dissection process in a similar fashion to 
the previously described endoscopic mastectomy technique without 
necessitating additional ports or equipment (9, 10). CO2 insufflation 
has been shown to facilitate both dissection and the creation of a 
working space in minimally invasive breast surgery techniques, such 
as endoscopic and robotic mastectomy (11). In our technique, the key 
advantage of subcutaneous CO2 insufflation was to enhance tissue 
separation and facilitate dissection with the vessel-sealing device. In 
our series of patients with gynecomastia, we used air-assisted surgery 
with the application of CO2 subcutaneously using an insufflator. We 
observed that this technique makes dissection easier (2, 6). Although 
various approaches have been reported for patients with a pacemaker, 
this is the first report of using air-assisted dissection with LigaSure 
in a breast cancer patient with a pacemaker, providing a practical 
solution without requiring additional equipment (3, 8). We believe 
that this method will make surgery easier for selected patients. The 
disadvantages of our technique are that it is more costly than the 
standard surgical method and requires additional equipment. 

The technique described in the present case report can be considered as 
an alternative, especially for patients for whom unipolar electrocautery 
is not a suitable option. Larger patient series are necessary to 
unequivocally demonstrate the safety and feasibility of this method.

Video 1. Pumping air under the mastectomy flaps
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ABSTRACT

Primary giant cell tumors (GCTs) of soft tissue of the breast are extremely rare breast tumors, with only ten cases previously reported in the English literature. 
They are not suspected clinically, and clinically and histopathologically too, can mimic breast carcinoma or phyllodes tumor, and cause diagnostic dilemma. 
It is important to correctly recognize these tumors, due to management implications. Hereby, we present a case of 58 year old female with GCT of the breast 
presenting as a malignant breast tumor.
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Introduction

Giant cell tumor (GCT) of soft tissue is a rare tumor arising primarily 
from the soft tissue of extremities. GCT is very rare in the breast, 
and the incidence of primary GCT of breast is not known due to its 
extreme rarity, with only ten published cases in the English literature to 
date (1). These tumours mimic breast carcinoma or phyllodes tumor, 
and often cause a diagnostic dilemma.

Case Presentation

We recently encountered a case of a 58-year-old female who presented 
with a lump of size 8.5x7x6 cm in her right breast that had persisted 
for two months. On clinical examination, the differential diagnosis 
of phyllodes tumor and carcinoma of the breast were made. Imaging 
studies, including mammography and contrast-enhanced computed 

tomography of the chest, revealed a large, complex, cystic mass. An 
ultrasound-guided core needle biopsy from the lesion revealed a tumor 
comprising multinucleated giant cells admixed with mononuclear 
oval to plump, elongated cells. On immunohistochemistry, the 
multinucleated giant cells were positive for CD68, and were negative 
for estrogen receptor, progesterone receptor, human epidermal 
growth factor receptor 2/neu, and pan-cytokeratin cocktail (AE1/
AE3), suggestive of a GCT of the breast. Further imaging showed 
no metastatic lymphadenopathy or additional lesions. The 
patient underwent a modified radical mastectomy, which confirmed 
the initial diagnosis. Grossly, the tumor was well-circumscribed, with 
cystic areas. Histological examination revealed features consistent with 
GCT of the breast, emphasizing the importance of distinguishing 
this tumor from commoner breast tumors, like breast carcinoma with 
osteoclast-like giant cells and Phyllodes tumor.

Primary Giant Cell Tumor of the Breast: Report of a Rare 
Case and Review of the Literature
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Key Points

•	 Giant cell tumor (GCT) of breast is rare entity. Complete tumor resection is essential not only for local control but also for achieving a definitive
diagnosis. Given the rarity of GCT in the breast, awareness of this condition is crucial. Long-term follow-up is necessary for deeper understanding of 
its clinical behavior and outcomes.

ABSTRACT

Primary giant cell tumors (GCTs) of soft tissue of the breast are extremely rare breast tumors, with only ten cases previously reported in the English literature. 
They are not suspected clinically, and clinically and histopathologically too, can mimic breast carcinoma or phyllodes tumor, and cause diagnostic dilemma. 
It is important to correctly recognize these tumors, due to management implications. Hereby, we present a case of 58 year old female with GCT of the breast 
presenting as a malignant breast tumor.
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Primary GCT of the breast was first reported in 1981 by Lucas et al. 
(2), in a male patient. All the cases reported in the literature presented 
as well-circumscribed breast masses. The current case was clinically 
diagnosed as a malignant breast mass with differentials of phyllodes 
tumor and carcinoma of the breast. Primary GCT of the breast may 
be differentiated from carcinoma of the breast by the absence of 
epithelial immunostains. Similarly, malignant phyllodes is excluded 
by the absence of epithelial component or sarcomatous component. 
On microscopy, the other differentials considered were metastatic 
GCT, direct infiltration of breast by a primary bone tumor, reactive 
lesions, and granulomatosis. Metastatic GCT and direct infiltration 
of a primary bone tumor were excluded by the absence of bone 
lesions radiologically. The patient did not have any prior systemic 
diseases or history of any infection, which ruled out the possibilities 
of reactive lesions or granulomatosis. There were no epithelioid 
cell granulomas and the giant cells seen were osteoclastic type, so 
the possibility of a granulomatous lesion, such as tuberculosis, was 
also excluded. Cystic change can also be GCT of the breast (1). 
The current case also showed cystic change, which may suggest a 
differential diagnosis of papillary neoplasms. However, no papillae 
were seen grossly or on microscopy in the current case. In all cases, 
including the, presented case, initial concerns of malignancy were 
prompted by imaging findings. GCTs of the breast have a variable 
clinical course. Most of the cases reported in the literature did not 
recur. A few cases had local recurrence (3, 4) and a single case showed 
pulmonary metastases. (5) The current case is on regular follow-
up and has been followed-up for eleven months to date, with no 
recurrence so far. 

We report a primary GCT of the breast, which is a very rare 
breast lesion. The importance of immunohistochemistry in the 
differential diagnosis of similar lesions is highlighted.
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Key Point

•	 Dermatofibrosarcoma protuberans on breast is an unusual location of the tumor, which can be confused with phyllodes due to its rarity.

ABSTRACT

Dermatofibrosarcoma protuberans (DFSP) is a rare, low-grade, fibroblastic mesenchymal tumor derived from the dermis. Breast is an uncommon site with 
an incidence of only 0.8–4.5% and an overall population incidence at any site of 4.2–4.5 per million. Surgical excision with 2–3 cm margin is the gold 
standard treatment. Selected cases are subjected to radiotherapy or systemic therapy with Imatinib. Due to the rare presentation, we report a similar case of 
DFSP on the left breast in a 42-year-old woman, who was initially diagnosed with benign phyllodes tumor of the left breast and final histopathology report 
of the wide local excision specimen diagnosed DFSP of the breast.

Keywords: Breast; cutaneous lesion; dermatofibrosarcoma protuberans; keloid-like

Introduction

Dermatofibrosarcoma protuberans (DFSP) is a rare, low-grade, 
fibroblastic mesenchymal tumor originating from the dermis. It most 
commonly affects the trunk, followed by the proximal extremities (1). 
Involvement of the breast is uncommon, with an estimated incidence 
of 0.8–4.5% among DFSP cases, and an overall DFSP incidence of 
only 4.2–4.5 per million population (1-3). Surgical excision with 2-3 
cm margin is the gold standard treatment (1, 2). Selected cases are 
subjected to radiotherapy or systemic therapy with Imatinib (2).

Due to its rare presentation, breast DFSPs are often misdiagnosed 
during clinical examination, commonly mistaken for dermatofibroma, 
hemangioma or fibroepithelial lesions, as clinicians are often not 
familiar with its occurrence in the breast (1).

Here, we report a case involving a 42-year-old woman with DFSP of the 
left breast, which was initially diagnosed as a benign phyllodes tumor 
based on core needle biopsy. However, the final histopathological 
evaluation of the wide local excision specimen diagnosed DFSP of the 
breast.

Case Presentation

A 42-year-old woman presented with a discolored protruding lesion 
on the skin of the left breast which was insidious in onset and 
gradually progressive over the course of two years from approximately 

2x1 cm to around  4x3 cm at presentation. The lesion was painless 
and non-itchy. She did not have any contributory family history. On 
clinical examination, a lobulated, exophytic, keloid-like lesion with 
pink to whitish discoloration was noted on the left breast, located 
just above the inframammary fold, extending from the 6 to 5 o’clock 
position. The lesion was well-defined, measured 4.2×3.0 cm, and was 
fixed to the overlying skin but free from the underlying breast tissue 
(Figure 1a). The right breast, the remaining left breast and bilateral 
axillae were unremarkable. 

A mammogram with ultrasound correlation was performed. 
Mammogram (Figure 1b) demonstrated two high-density, lobulated 
lesions with well-circumscribed margins in the lower outer quadrant of 
the breast,12 cm away from the nipple measuring 2.6x2.1 cm and 
2x1.9 cm respectively. No intramammary lesion or microcalcification 
were observed. Ultrasound correlation revealed a few well defined, 
oval shaped, solid hypoechoic lesions, the largest measuring 3x1.3 cm 
located at 5 o’clock position in the left inframammary fold, about 10 
cm away from the nipple/areolar complex. The lesion exhibited cleft-
like cystic spaces with posterior acoustic enhancement and significant 
internal vascularity on color Doppler. Axillae were normal. The 
findings were suggestive of phyllodes tumor. For histopathological 
confirmation, a core needle biopsy was done which showed a mesenchymal 
tumor, favoring benign phyllodes. It had ovoid to spindled shaped 
cells with no epithelial component. So, as this was a breast lesion 
with such morphology, phyllodes is the usual diagnosis (Figure 2). 
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Hence, no immunohistochemistry (IHC) was planned initially. The 
patient subsequently underwent wide local excision with 2 cm margin.

The perioperative period was uneventful. On histology, the resected 
specimen showed dermal-based spindle cell tumor with infiltration 
into the subcutaneous fat, sparing the underlying breast parenchyma. 
This tumor was composed of uniform, bland, spindle cells arranged in 
a storiform pattern with areas of whorled fascicles and characteristic 
entrapment of adnexal structures. No significant mitosis, nuclear 
atypia or necrosis were seen. On IHC these cells were diffusely 
positive for CD34 (Figure 3a, b). Features were consistent with 

DFSP. For confirmation, fluorescence in situ hybridization was done 
on the paraffin embedded tissue block, which showed PDGFB gene 
rearrangement (Figure 3c). 

It is important to note that diagnosing DFSP with small core biopsy 
samples can be challenging, particularly in unusual anatomical locations 
such as the breast. In such limited samples where the representation of 
tumor is not adequate, the potential misdiagnosis with more common 
entities like benign phyllodes, solitary fibrous tumor, fibromatosis 
and cellular fibrous histocytoma is common. Given these challenges, 
a carefully selected IHC panel including CD34, STAT6, Beta catenin, 

Figure 1. a. Keloid-like lobulated exophytic pink to whitish colored lesion on the left breast which increased from 2x1 cm to 4.2x3 cm over two 
years, b. Mammogram showing high-density lobulated well-circumscribed lesions without any intramammary lesion or microcalcification in 
both views (craniocaudal and medio-lateral oblique)

Figure 2. Mesenchymal tumor with round to spindled shaped tumor cells (H&E, 200x)

H&E: Hematoxylin and eosin

Figure 3. a. CD34 positivity in tumor cells (100x) – final histopathology specimen, b. Characteristic storiform pattern of tumor cells (H&E 200x) 
- final histopathology specimen, c. Fluorescence in situ hybridization on tissue block shows PDGFB gene rearrangement in tumor cells - final 
histopathology specimen

H&E: Hematoxylin and eosin
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S100 and Ki-67 is essential to distinguish DFSP from its closest 
morphological mimics in small biopsy samples. Informed consent was 
taken from patient.

Follow-up

The patient was planned for close follow-up post surgery. Clinical 
examination at three months of follow-up showed no evidence 
of recurrence and the surgical scar was healthy. A  follow-up 
mammogram  performed subsequently (post 3-months) showed  no 
residual lesion or new abnormalities, indicating a  favorable 
postoperative course.
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Dear Editor,

I read with great interest the article entitled “Breast Imaging: 
Correlation Between Axillary Lymph Nodes Apparent Diffusion 
Coefficient and Pathological Lymphovascular Invasion in Patients 
With Invasive Breast Cancer” (1). The authors have addressed a 
clinically relevant and timely topic by investigating the relationship 
between the apparent diffusion coefficient (ADC) values of axillary 
lymph nodes and lymphovascular invasion (LVI) in patients with 
invasive breast cancer. Notably, their demonstration of the prognostic 
potential of magnetic resonance imaging-based ADC measurements 
in the preoperative setting represents a valuable contribution to 
the literature. The detailed evaluation of both radiological and 
histopathological correlations is also commendable.

However, certain aspects of the study could be further clarified or 
improved to enhance its scientific impact:

i.	 Patient Selection: The study population was limited to patients
with single, unilateral breast tumors and ipsilateral lymph node 
positivity. This selective cohort limits the generalizability of the 
findings. Inclusion of a more heterogeneous patient population 
could improve the applicability of the results.

ii.	 Unclear Methodology for ADC Measurements: The type of regions
of interest (ROI) used (e.g., elliptical, freehand) was not specified, 
and the figures suggest that only a single ROI was used. In 
addition, the criteria for identifying the “most suspicious” lymph 

node were not clearly defined. It is also unclear whether the three 
radiologists reached a consensus or made independent assessments. 
These methodological ambiguities undermine the reproducibility 
and transparency of the study.

iii.	 LVI Evaluation: LVI was assessed solely on postoperative
histopathological examination, but the use of 
immunohistochemical markers to enhance detection sensitivity 
was not mentioned. This could affect the accuracy of LVI 
identification.

iv.	 Neoadjuvant Treatment Status: The study does not specify whether
patients received neoadjuvant chemotherapy. As neoadjuvant 
therapy may influence both ADC values and Ki-67 expression 
levels, this missing information may limit the interpretation of the 
findings.

v.	 Lack of Multivariate Analysis: Although the study presents ROC
analyses for ADC and Ki-67, multivariate regression analyses were 
not performed. Such analyses would be necessary to determine 
whether ADC and Ki-67 are independent predictors of LVI.

These constructive comments are intended to support the authors and 
guide future research, without detracting from the value of the current 
study. I commend the authors for their contribution to the field.

Sincerely,
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Response to the Letter

Dear Editor,

We appreciate the constructive criticisms from the comment 
regarding our article “Breast Imaging: Correlation Between Axillary 
Lymph Nodes Apparent Diffusion Coefficient and Pathological 
Lymphovascular Invasion in Patients With Invasive Breast Cancer” (1).

We believe addressing the mentioned points in comments will improve 
upon clarity and impact of our research work.

i.	 Regarding the issue of patient selection, we acknowledge that 
the study’s focus on patients with single, unilateral breast tumors 
and ipsilateral lymph node positivity limits the generalizability of 
our findings. However, this more selective protocol strengthens 
internal validity and help reducing confounding variables. 
Expanding the cohort might introduce more heterogeneity that 
complicates interpretation, with future studies encouraged to 
explore broader populations.

ii.	 The reader raised valid concerns regarding ADC measurements 
and ROI type. As mentioned in methodology, we would like to 
clarify that elliptical ROIs were manually drawn to measure the 
solid portions of the lymph nodes and exclude necrotic areas. While 
figures may show a single ROI, this is for illustrative purposes and 
to avoid confusion, at least three ROIs measurements were used 
within each lymph node, and the mean ADC value was calculated. 
The “most suspicious” lymph node was identified, as mentioned 
in the discussion segment of the article, based upon established 
radiological criteria, including size, cortical thickening, loss of fatty 
hilum, irregular margins, and heterogeneous cortex [references 
(22, 23) in the original manuscript provide further details]. 
Furthermore, conjoint interpretation of the magnetic resonance 
imaging was done by the three radiologists as mentioned to reach 
consensus-based final agreement regarding lymph node selection 
and measurements.

iii.	 We acknowledge the reader's point about LVI evaluation. We 
relied on standard histopathological markers examination as it 
remains the conventional method in clinical practice, the use 
of more immunohistochemical markers (e.g., CD31, D2-40) 
could indeed enhance the sensitivity of LVI detection. The study 
provides meaningful results within the scope of conventional 
diagnostic protocols, and further studies could explore the added 
value of immunohistochemistry markers in correlating with ADC 
values.

iv.	 We recognize that neoadjuvant chemotherapy can influence both 
ADC values and Ki-67 expression. The retrospective nature of 
our study made it challenging to avoid this confounding variable. 
Future prospective studies should incorporate neoadjuvant 
treatment as a factor in the analysis.

v.	 Finally, we agree that a multivariate regression analysis, as 
suggested by the reader, would provide more robust assessment of 
the ADC and Ki-67 as independent predictors for LVI. Our study 
primarily focused on the ROC analysis between these parameters 
using simpler statistical methods, and already provides valuable 
clinical insights. This study’s primary goal was to establish a 
correlation, paving the way for further investigations incorporating 
multivariate approaches.

We appreciate the insightful feedback, which will undoubtedly 
contribute to the improvement of future research in this area.

Sincerely,

Footnotes
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