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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. It is the official publication of the Turkish Federation of Breast Diseases Societies, and Senologic International
Society is the official supporter of the journal.

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 comprehensive, multidisciplinary source and contribute to the literature by publishing manuscripts with the highest scientific levelin
the fields of research, diagnosis, and treatment of all breast diseases; scientific, biologic, social and psychological considerations, news and technolo-
gies concerning the breast, breast care and breast diseases.

The journal publishes; original research articles, case reports, reviews, letters to the editor, brief correspondences, meeting reports, editorial sum-
maries, 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 that are prepared and presented according
to the ethical guidelines.

TOPICS within the SCOPE of EJBH concerning the 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, Chemo-
therapy, 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 general surgery 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 is in conformity with the Principles of
Transparency and Best Practice in Scholarly Publishing (doaj.org/bestpractice).

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

Processing and publication are free of charge with the journal. No fees are requested from the authors at any point throughout the evaluation and
publication process. All manuscripts must be submitted via the online submission system, which is available at www.eurjbreasthealth.com. The journal
guidelines, technical information, and the required forms are available on the journal's web page.

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

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

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

The journal is owned by Turkish Federation of Breast Diseases Societies and
itis published quarterly on January, April, July, and October. The publication
language of the journalis English. The target audience of the journalincludes
specialists and medical professionals in general surgery and breast diseases.

The editorial and publication processes of the journal are shaped in accor-
dance with the guidelines of the International Council of Medical Journal Edi-
tors (ICMJE), the World Association of Medical Editors (WAME), the Council
of Science Editors (CSE), the Committee on Publication Ethics (COPE), the Eu-
ropean Association of Science Editors (EASE), and National Information Stan-
dards Organization (NISO). The journal conforms to the Principles of Trans-
parency and Best Practice in Scholarly Publishing (doaj.org/bestpractice).

Originality, high scientific quality, and citation potential are the most impor-
tant criteria for a manuscript to be accepted for publication. Manuscripts
submitted for evaluation should not have been previously presented or al-
ready 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 Journal of Breast Health will go through a dou-
ble-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 in-
vite 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, clini-
cal, and drug studies and for some case reports. If required, ethics commit-
tee 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 com-
mittee, 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 carefully protect the patients’ anonymity. For photographs
that may reveal the identity of the patients, signed releases of the patient or
of 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 recom-
mended 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 con-
tent; 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.

Journal of Breast Health requires corresponding authors to submit a signed
and scanned version of the authorship contribution 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.

Journal of Breast Health requires and encourages the authors and the in-
dividuals 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 di-
rect contact with the editorial office regarding their appeals and complaints.
When needed, an ombudsperson may be assigned to resolve cases that can-
not 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 Journal of Breast Health, authors ac-
cept 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
Form (available for download at www.eurjbreasthealth.com). When using
previously published content, including figures, tables, or any other material
in both print and electronic formats, authors must obtain permission from
the copyright holder. Legal, financial and criminal liabilities in this regard be-
long to the author(s).

Statements or opinions expressed in the manuscripts published in the Jour-
nal 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 ma-
terials. The final responsibility in regard to the published content rests with
the authors.

MANUSCRIPT PREPARATION
The manuscripts should be prepared in accordance with ICMJE-Recommen-
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dations for the Conduct, Reporting, Editing, and Publication of Scholarly
Work in Medical Journals (updated in December 2018 - http://www.icmje.
org/icmje-recommendations.pdf). Authors are required to prepare manu-
scripts 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 behavior.

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

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

Authors are required to submit the following:

+ Copyright Transfer Form,

» Author Contributions 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),

« Grantinformation 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 ex-
cept for Letters to the Editor. Submitting a Turkish abstract is not compulsory
for international authors. The abstract of Original Articles should be struc-
tured with subheadings (Objective, Materials and Methods, Results, and Con-
clusion). 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).

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, Material and Materials, Results, Dis-
cussion and Conclusion subheadings. Please check Table 1 for the limitations
for Original Articles.

Statistical analysis to support conclusions is usually necessary. Statistical anal-
yses 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).
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Editorial Comments: Editorial comments aim to provide a brief critical com-
mentary 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 knowl-
edge on a particular field and whose scientific background has been trans-
lated 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 con-
tain Introduction, Clinical and Research Consequences, and Conclusion sec-
tions. Please check Table 1 for the limitations for Review Articles.

Case Reports: There is limited space for case reports in the journal and re-
ports on rare cases or conditions that constitute challenges in diagnosis and
treatment, those offering new therapies or revealing knowledge not includ-
ed in the literature, and interesting and educative case reports are accepted
for publication. The text should include Introduction, Case Presentation, Dis-
cussion, 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, Key-
words, and Tables, Figures, Images, and other media should not be included.
The text should be unstructured. The manuscript that is being commented
on must be properly cited within this manuscript.

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

Current Opinion: Current Opinion provides readers with a commentary of ei-
ther recently published articles in the European Journal of Breast Health or
some other hot topic selected articles. Authors are selected and invited by the
journal for such commentaries. This type of article contains three main sections

Table 1. Limitations for each manuscript type

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

BI-RADS: Breast imaging, report and data systems
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titled as Background, Present Study, and Implications. Authors are expected to
describe the background of the subject/study briefly, critically discuss the pres-
ent research, and provide insights for future studies.

Tables

Tables should be included in the main document, presented after the refer-
ence list, and they should be numbered consecutively in the order they are
referred to within the main text. A descriptive title must be placed above the
tables. Abbreviations used in the tables should be defined below the tables
by footnotes (even if they are defined within the main text). Tables should be
created using the “insert table” command of the word processing software
and they should be arranged clearly to provide easy reading. Data presented
in the tables should not be a repetition of the data presented within the main
text but should be supporting the main text.

Figures and Figure Legends

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

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

When a drug, product, hardware, or software program is mentioned within
the main text, product information, including the name of the product, the
producer of the product, and city and the country of the company (includ-
ing the state if in USA), should be provided in parentheses in the following
format: “Discovery St PET/CT scanner (General Electric, Milwaukee, WI, USA)”

All references, tables, and figures should be referred to within the main text,
and they should be numbered consecutively in the order they are referred to
within the main text.

Limitations, drawbacks, and the shortcomings of original articles should be
mentioned in the Discussion section before the conclusion paragraph.

References

While citing publications, preference should be given to the latest, most up-
to-date publications. If an ahead-of-print publication is cited, the DOI number
should be provided. Authors are responsible for the accuracy of references.
Journal titles should be abbreviated in accordance with the journal abbre-
viations in Index Medicus/ MEDLINE/PubMed. When there are six or fewer
authors, all authors should be listed. If there are seven or more authors, the
first six authors should be listed followed by “et al.” In the main text of the
manuscript, references should be cited using Arabic numbers in parentheses.
References published in PubMed should have a PMID: xxxxxx at the end of
it, which should be stated in paranthesis. The reference styles for different
types of publications are presented in the following examples.
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Thesis: Yilmaz B. Ankara Universitesindeki Ogrencilerin Beslenme Durumlari,
Fiziksel Aktiviteleri ve Beden Kitle indeksleri Kan Lipidleri Arasindaki Iliskiler.
H.U. Saglik Bilimleri Enstitisi, Doktora Tezi. 2007.
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REVISIONS

When submitting a revised version of a paper, the author must submit a
detailed “Response to the reviewers” that states point by point how each
issue raised by the reviewers has been covered and where it can be found
(each reviewer’s comment, followed by the author’s reply and line numbers
where the changes have been made) as well as an annotated copy of the
main document. Revised manuscripts must be submitted within 30 days from
the date of the decision letter. If the revised version of the manuscript is not
submitted within the allocated time, the revision option may be canceled. If
the submitting author(s) believe that additional time is required, they should
request this extension before the initial 30-day period is over.

Accepted manuscripts are copy-edited for grammar, punctuation, and for-
mat. Once the publication process of a manuscript is completed, it is pub-
lished online on the journal's webpage as an ahead-of-print publication
before itisincluded in its scheduled issue. A PDF proof of the accepted man-
uscript is sent to the corresponding author and their publication approval is
requested within 2 days of their receipt of the proof.
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A New Technical Mode in Mammography: Self-
Compression Improves Satisfaction
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'Department of Radiology, Acibadem Mehmet Ali Aydinlar University School of Medicine, Istanbul, Turkey
*Program of Medical Imaging Techniques, Actbadem Mehmet Ali Aydinlar University Vocational School of Health Sciences, Istanbul, Turkey

ABSTRACT

Objective: We aimed to evaluate the mammography experience of patients using a manually controlled self- compression tool compared to their
previous experience based on technician performed breast compression by a questionnaire survey study.

Materials and Methods: The survey studies of 365 patients who underwent screening or diagnostic mammography between April 2017 and
July 2017 at our center were reviewed retrospectively. Each patient had completed a 12-item questionnaire following mammography examinations.
Women who never had a mammography before or who had a previous mammography examination more than 2 years ago or who did not want to
use the self-compression device were excluded from the study. 106 women were included in the study.

Results: Patient satisfaction was high. Regarding the comparison of the experience of the exam to previous ones, 70.8% said it was a better experi-
ence. The examination was found comfortable by 85.4% of the participants and 75.5% found the examination more comfortable compared to previ-
ous ones. Only 11.3% were anxious and 52.8% declared they were less anxious compared to previous examinations. Regarding the attractiveness of
the new design, 66.9% declared they found the new design attractive, 39.7% found it more attractive than previous examinations, and 27.3% said
the new design decreased anxiety. In the evaluation of impact of patient-assisted compression (PAC) on comfort, 80.2% said that they found it more
comfortable and 64.2% said that PAC decreased anxiety. Furthermore, 72.6% said the exam was shorter.

Conclusion: Self-compression technique decreases pain and anxiety of women during mammography examinations and promises to enhance

compliance of clients and patients with follow-up mammography recommendations.

Keywords: Mammography, self-compression, pain, patient satisfaction

Cite this article as: Ulus S, Kovan O, Arslan A, Elpen B, Aribal E. A New Technical Mode in Mammography: Self-Compression Improves Satisfac-
tion. Eur ] Breast Health 2019; 15(4): 207-212.

Introduction

Breast cancer is the most common cancer and the second leading cause of death due to cancer among women. The only proven method to
decrease the mortality of breast cancer is screening mammography (1, 2). Mammography is a relatively inexpensive and widely available
imaging technique. Stabilizing the breast by compression between a compression paddle and the detector housing during mammography
examinations is required for many reasons (3-5). This application of force immobilizes the breast resulting in avoidance of motion blur
and reduces breast thickness, which limits radiation scatter, resulting in improved image quality and also decreased overall radiation dose
exposed to glandular tissue (5). Furthermore, it leads to a more homogeneous exposure from nipple to chest wall resulting in improved
dynamic range (5). In addition, adequate compression can improve the diagnostic distinction between tumors and artifacts. However,
breast compression is related with discomfort and pain (6), and some patients may experience anxiety or stress and hesitate about un-
dergoing mammography. Sometimes the technician avoids adequate compression due to anxiety to hurt the patient. This results in poor
image quality and increased radiation exposure. On the other hand, sometimes the technician applies too much compression to obtain
good image quality, which results in the aversion of the examination, lack of compliance in periodic screening, and also discouragement
of the participation of peers. There are no quantitative guidelines on the compression force a technologist should apply for acquisition
of an adequate mammogram resulting in great variations among technologists and screening centers (1). The most adequate compres-
sion is the most compression the patient can endure. The breast tissue should be firm during an optimal compression and no indenta-
tion should appear when the tissue is pressed with fingers. To decrease patient anxiety and to reduce the pain and discomfort during the
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mammography examinations various methods have been used includ-
ing a thorough explanation of the procedure with verbal or written
information, topical application of 4% lidocaine gel to the skin of the
chest, self-controlled breast compression, the use of a radiolucent pad,
administration of oral acetaminophen and ibuprofen, and decreasing
the compression force (7-13).

Self-compression tool provides women a sense of control by letting
them to manually adjust the degree of breast compression; patient-
assisted compression (PAC). Guided by a technologist, the patient uses
a hand-held wireless remote control to adjust the force of compres-
sion after breast positioning. This device gives patients control over the
amount of compression for their exam. The technologist then guides
the patient to gradually increase compression using the remote control
until adequate compression is reached and checks the applied com-
pression and breast positioning.

While it is not a new concept, to our knowledge there are only two
reports in the English literature regarding breast compression by the
patient during mammography (10, 11). The aim of this study was to
evaluate the experience of patients on this next-generation mammog-
raphy technology compared to previous exams with a questionnaire
survey study.

Materials and Methods

Institutional Ethics Committee approval was obtained for this retro-
spective study (2018-12/8). Waived consent is obtained before all im-
aging procedures performed in our institution for research. The survey
studies of 365 patients, aged 40-90 years, who underwent screening

or diagnostic mammography (Senographe Pristina (GE Healthcare,

Chicago, IL) (Figure la), which has a PAC remote control (Dueta °,
GE Healthcare, Chicago, IL) (Figure 1b) between April 2017 and July
2017 at our center were reviewed retrospectively. The time of the previ-
ous examination is recorded in our institution for all mammography
examinations. Women who never had a mammography before or who
had a previous mammography examination more than 2 years ago or
who did not want to use the self-compression device were excluded
from the study. In total 106 women were included in the study.

Mammography procedure

The technologists or the radiologists in our department informed the
patients about the presence of a self-compression system before under-
going the procedure. The technologists explained the procedure to each
patient, with emphasis on breast compression. The relationship between
breast compression, radiation dose, and image quality was explained
briefly and basically. For the first breast (selected randomly), the tech-
nologist positioned the breast for the craniocaudal view and initiated
a minimum compression of 3 dekanewton to immobilise the breast.
Then, the patient used the PAC remote control to complete compres-
sion. The remote control is equipped with a ‘+” key to increase and a ‘-’
key to decrease the amount of compression. This protocol was repeated
for the other breast and also for both breasts for the mediolateral oblique
views. The patient held the remote control on the other side of the com-
pressed breast to provide easy management for PAC. PAC was under
the technologist’s control and observation and in case the compression
performed by the patient was not found sufficient, she stepped in and
supported the patient for further compression. The technologist also re-
checked breast positioning including the positioning of the nipple and
the pectoral muscle. Afterwards, acquisition of images was performed
with 30-50 kV and 100-110 mAs.

Figure 1 a, b. Mammography device (a) and remote control of the
patient-assisted compression device (b)



Table 1. Questionnaire

QUESTIONS

Q1. Number (n) of previous exams

Q2. Experience compared to previous exams

Q3. Level of comfort

Q4. Level of comfort compared to previous exams

Q5. Level of anxiety

Q6. Level of anxiety compared to previous exams

Q7. Attractiveness

Q8. Attractiveness compared to previous

Q9. Impact of design on anxiety

Q10. Impact of PAC on comfort

Ulus et al. Survey on Patient-Assisted Compression

RESPONSES

n years

Much worse experience
Somewhat worse experience
No difference

Somewhat better experience
Much better experience

Uncomfortable

Neither comfortable nor uncomfortable

Comfortable

Very comfortable

Much less comfortable
Somewhat less comfortable
No difference

Somewhat more comfortable
Much more comfortable

Not at all anxious

Slightly anxious

Very anxious

Somewhat more anxious

No difference

Somewhat less anxious

Much less anxious

Not attractive

Slightly attractive

Somewhat attractive

Very attractive

Somewhat less attractive

No difference

Somewhat more attractive
Much more attractive

It made me much less anxious
It made me somewhat less anxious
It made no difference

It made me somewhat more anxious
Much less comfortable
Somewhat less comfortable
No difference

Somewhat more comfortable

Much more comfortable

RESULTS

5.1+3.4 years

n
1
3
27
25
50
3
13
36
54

23
28
52
94
11

44

49
26

50
21

63
27
15
19
10
76

%
0.9
2.8

25.5
23.6
47.2
2.8
12.3
34.0
50.9
0.9
1.9
21.7
26.4
49.1
88.7
10.4
0.9
5.7
41.5
6.6
46.2
24.5
8.5
471
19.8
0.9
59.4
25.5
14.2
17.9
9.4
7.7
0.9
2.8
3.8
13.2
21.7
58.5
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Table 1. Questionnaire (Continued)

QUESTIONS RESPONSES RESULTS
Q1. Number (n) of previous exams nyears 5.1+3.4 years
n %
Q11. Impact of PAC on anxiety Much less anxious 46 43.4
Somewhat less anxious 22 20.8
No difference 32 30.2
Somewhat more anxious 5 4.7
Much more anxious 1 0.9
Q12. Exam duration compared to previous exams Much shorter than previous exams 27 25.5
Somewhat shorter than previous exams 50 47.2
No difference 27 25.5
Somewhat longer than previous exams 2 1.8

N: number; PAC: patient-assisted compression

Survey on the patient’s experience

Each patient completed a survey subsequent to the mammography
examinations. The participants were given a brief explanation on the
survey by the mammography technician. The survey tool was a struc-
tured self-completed 12-item questionnaire on patient’s experience
with regards to physical pain, comfort, anxiety, and exam duration. It
also included the number of previous mammography examinations.
The questionnaire was available both in Turkish and in English.

Statistical Analysis

Response frequencies for each of the analytical items were analyzed
by actual percentage responses to each of the multiple-choice options.
Descriptive statistics were used. Continuous values were given by mean
and standard deviation. p<0.05 was considered statistically significant.

Results

The questions, responses and results are presented in Table 1.

The mean number of previous examinations is 5.1+3.4 with a median
of 4 (min 2-max 20).

In the evaluation of the experience compared to the previous ones,
47.2% of the participants declared that it was a much better experi-
ence compared to previous ones. For 70.8% of the participants it was
a better experience compared to previous ones.

In the evaluation of the level of comfort, 84.9% of the participants
found the examination comfortable; with 50.9% very comfortable.
For 75.5% of the participants the examination was more comfortable
compared to previous ones.

Only 11.3% of the participants declared that they were anxious and
52.8% of the participants declared that they were less anxious com-
pared to previous examinations.

In the evaluation of impact of PAC on comfort; 80.2% of the partici-
pants declared that they found it more comfortable with 58.5% much
more comfortable.

In the evaluation of impact of PAC on anxiety; 64.2% of the partici-
pants declared that the PAC decreased anxiety.

Mean duration time of the examination was 9.2+1.4 minutes with a
median of 10 minutes (min 5-max 10). In the evaluation of exam du-
ration compared to previous exams; 72.6% of the participants declared
that the exam was shorter than the previous exams.

Discussion and Conclusion

The results of our study showed that in general patient satisfaction on
the experience of the new technology mammography device featuring
patient-assisted compression was high. We believe that the presence
of having control over the procedure may change their impression on
mammography and increase their compliance to the screening pro-
grams.

A study by Kornguth et al. (14) reported that 91% of women had
low-to-moderate degree of pain during a mammogram. This study
provided predictors to pain and one of the variables that were shown
to consistently predict pain was pain at the last mammogram. A more
recent survey conducted by Padoan et al. (15) highlighted that “fear
of pain” was a factor that affects screening compliance. These studies
demonstrate the importance of previous mammography examinations
in the participation of periodic screening. It has also been reported
that the women who undergo mammography for the first time have
higher anxiety levels (16, 17). A study conducted by Mendat et al. (18)
regarding patient comfort from the technologist perspective showed
that “proper communication of exam expectations” was rated to have
significantly more impact on patient discomfort as compared to the
other options. This indicates the importance of the psychological as-

pect of an examination.

Previous psychological studies have reported that self-control over a
painful procedure helped women to adapt to pain more easily and felt
less pain (19, 20). This can be applied to the mammography experi-
ence, especially the most distressing part of the examination, which is
compression. Verbal control over the degree of compression can pro-
vide satisfactory control for some women. However, that may not be
sufficient for certain women. To our knowledge there are only two re-
ports in the English literature regarding breast compression by the pa-
tient during mammography, even though it is not a new concept. The



first study conducted by Kornguth et al. (10) including a pre-mam-
mography survey of 30 and post-mammography survey of 10 items,
reported that the pain experienced was significantly less when the pa-
tient controlled the compression paddle. In that study, one breast was
initially compressed by the technologist and the then the other breast
was compressed by the patient herself with a hand-held button. They
also demonstrated that there was no difference in adequacy of the im-
ages. A very recent study was reported by Balleyguier et al. (11) includ-
ing 100 female patients using the same mammography device we used
in our study. In that study, one breast was also initially compressed by
the technologist and the then the other breast was compressed by the
patient herself with a remote control device. They reported that 70%
of the patients assessed the overall procedure as painless. Discomfort
and pain was stated by 17% and 13% of the patients, respectively. No
significant difference was found in discomfort or pain felt between
self-compressed and technologist compressed breast, however they also
reported that 74% of the patients declared that this procedure made
them more willing to return for their subsequent mammography ex-
amination. This supports our notion that self-control can re-construct
the women’s previous experience and perception of mammography
leading to improved uptake and compliance. Also, 90% of the pa-
tients found this procedure useful. In that study, image quality was also
evaluated and they compared image qualities obtained with PAC and
technologist compression (TC). They reported that the image quality
obtained by PAC was as good as TC with even higher compression
levels, lower breast thickness, and diminished radiation dose.

There are several limitations to our study. Image quality assessment
was not included, and image quality assessment including comparison
with previous mammograms would make the manuscript stronger.
Further studies with recording of breast tissue thickness with PAC and
glandular dose for each woman with comparison to previous mammo-
grams can be conducted. In addition, if one breast was initially com-
pressed by the technologist and then the other breast was compressed
by the patient herself; the patient could have more understanding of
the amount of compression necessary to achieve an adequate compres-
sion. Also, a question regarding if they would like to come for another
mammography examination after this experience would be useful to
evaluate the effect of the new method on reattendance.

In conclusion, women may feel anxiety concerning mammography
and self-compression/PAC may be a useful technique for decreasing
pain during mammography examinations resulting in compliance of
women with screening guidelines. Further studies should be conduct-
ed on the efficacy of self-compression to make sure that the image
quality is not sacrificed for added patient comfort.
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What is the Diagnostic Performance of 18F-FDG-PET/
MRI in the Detection of Bone Metastasis in Patients
with Breast Cancer?

Filiz Celebi
Department of Radiology, Gayrettepe Florence Nightingale Hospital, Istanbul, Turkey

ABSTRACT
Objective: To evaluate the diagnostic performance of 18F-fluorodeoxyglucose (FDG)-positron emission tomography (PET)/magnetic resonance
imaging (MRI) in the detection of bone metastasis in patients with breast cancer.

Materials and methods: From August 2018 to January 2019, a total of 23 patients with pathologically confirmed invasive breast cancer un-
derwent whole-body hybrid 18F-FDG -PET/MRI for initial staging and follow-up of their malignancies. The number of the bone metastasis was
recorded for each patient. The total 18F-FDG-PET/MRI protocol was compared with PET only and the contrast enhanced fused (CE) component
for the detection of bone metastasis.

Results: Eight (26%) of 23 patients had bone metastasis. Bone metastases were dominantly localized in the spine (63%) and pelvis (25%). In terms
of the total number of detected bone metastasis, there was a statistically significant difference between 18F-FDG-PET/MRI (mean 3.57; median 0;
range, 0-2) and PET only component (mean 2.87; median 0; range, 0-1) (p=0.026), but no statistically significant difference was detected between
18F-FDG-PET/MRI and whole-body CE MRI (mean 3.43; median 0; range 0-2) (p=0.083).

Conclusion: Whole-body hybrid 18F-FDG-PET/MRI is superior to PET component only, but no statistically significant difference between hy-
brid 18F-FDG-PET/MRI and whole-body CE MRI is found for the detection of bone metastasis in patients with breast cancer.

Keywords: 18F-fluorodeoxyglucose (FDG) positron emission tomography (PET)/magnetic resonance imaging (MRI), breast cancer, bone me-
tastasis
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Introduction

Breast cancer is the most frequent cancer in women and initial staging and follow-up is very important for treatment and survival. The
presence of distant metastases at the initial examination changes the treatment strategy and options. The most frequent locations for breast
cancer metastasis include the liver, lungs, and bone (1). 18F-fluorodeoxyglucose (FDG)-positron emission tomography (PET) and whole-
body magnetic resonance imaging (MRI) are generally used for initial staging or when distant metastases are suspected (2-4). Whole-body
hybrid FDG-PET/MRI is another modality that provides initial staging and may also improve the detection of metastases and recurrent
disease (5-11). PET/MRI scanners have the potential to become an effective tool for the evaluation of oncology patients and influence pa-
tient management (12, 13). FDG-PET/MRI combines the sensitivity of molecular imaging of PET and the superior radiologic diagnostic
capabilities of MRI. In addition, FDG-PET/MRI provides detailed background anatomic landmarks from MRI images.

Bone metastases are seen in 8% of all patients with breast cancer and the percentage increases with advanced disease (14-16). Tumor
cells spread hematogenously and at the beginning intramedullary lesions are found in the red marrow. The lesions can be osteolytic,
osteoblastic or mixed (17). Bone scintigraphy is used widely for its low cost and ability to cover whole-body (18). However, FDG-PET/
CT has been shown to be an effective tool for the staging and detection of bone metastasis (19-21). Whole-body CE MRI, with its bone
marrow-sensitive techniques, has been shown to have higher sensitivity than FDG-PET/CT for the detection of bone metastasis. Hence,
a combination of metabolic information provided by FDG-PET/CT and the high soft tissue resolution of MRI increases the detection
rate of bone metastasis.
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Materials and Methods

In our study, we retrospectively evaluated 23 patients with invasive
breast cancer from August 2018 to January 2019. The Bilim Univer-
sity Institutional review board approved the study; the requirement
of informed consent was waived because the study was a retrospec-
tive investigation. Inclusion criteria were newly diagnosed or recur-
rent breast cancer with clinical indication for staging and follow-up.
Exclusion criteria were MRI general contraindications, pregnancy and
patients with less than 12 months follow-up and no pathology reports.
Six of the patients had prior FDG PET/CT and 3 of them had bone
scintigraphy in other institutions. Also, 3 of the patients had CE MRI
and 1 of them had FDG-PET/MRI in our institution. We extracted
the results from their reports. For the rest of 10 patients, FDG-PET/
MRI was the initial imaging for staging and follow-up.

All patients fasted for at least 6 hours before imaging. The blood glu-
cose level was assessed with a blood glucose meter (OneTouch Vita;
LifeScan, Milpitas, California, USA) before imaging to ensure that it
was less than 140 mg/dL (7.77 mmol/L).

18F-FDG-PET/MRI was performed 60+6 minutes after the injec-
tion of FDG (mean dose, 4.54 MBq per kilogram of body weight+1;
range, 370-400 MBq). The images were acquired with the patient in
the supine position on a 3 Tesla Biograph mMR scanner (Siemens
Healthcare, Erlangen, Germany) using a 16-channel head and neck

surface coil and three 12-channel body coils. The whole-body images

Figure 1. 3, b. PET/MR (a, b) of a 37-year-old patient with grade 3
invasive ductal carcinoma. The axial plane PET/MR fusion image
(a) shows bilateral iliac and vertebral body metastatic lesions; the
corresponding PET image does not show the left iliac metastatic
lesion

Figure 2. 3, b. A 35-year-old patient with grade 3 invasive ductal
carcinoma of the left breast. Fused PET/MR and sagittal Dixon T1W
21 4 MR images (a, b) both show similar metastatic lesions

were obtained in five to six bed positions according to the size of the
patient. PET acquisition occurred simultaneously during the whole-
body MRI acquisition. In all patients, the whole-body FDG-PET/
MRI covered the entire body from head to knee. PET attenuation
correction was performed using four-compartment model attenuation
map calculated from a Dixon-based VIBE (volumetric interpolated
breath-hold examination) sequence. The MRI protocol consisted of
T2-weighted single-shot echo train (HASTE) (TR/TE, 1500 msec /
87 msec) in the coronal plane, T1-weighted slice-selective Turbo Flash
(TR/TE, 1600 msec / 2.5 msec) and free breath diffusion-weighted
imaging using the Ecoplanar Imaging technique (EPI)(TR/TE, 12000
msec / 78 msec, b=0 s/mm?* and b800 s/mm?) in the axial planes. After
the non-contrast enhanced (NCE) protocol was performed, a weight-
adapted dose of a gadolinium-based contrast agent (was administered,
and serial CE images were obtained using breath-hold 3D VIBE (TR/
TE, 4.56 msec / 2.03 msec) in the arterial, portal venous, and equi-
librium phases covering the upper abdomen in the axial plane. After
the serial CE images were acquired, continuous breath-hold 3D VIBE
images were obtained from head to knee in the axial plane. All sections
were then combined, resulting in uninterrupted whole-body coverage.

Images were evaluated by a radiologist with 10 years’ experience in
body MRI reading and 5 years’ experience in hybrid imaging. The
data were analyzed on a dedicated workstation (Syngo Via; Siemens
Healthcare, Erlangen, Germany). The number of bone metastasis was
recorded for each patient.

Statistical analyses were performed using Statistical Package for Social
Sciences for Windows software version 25 (IBM Corp.; Armonk, NY,
USA). The variables were investigated using the Kolmogorov-Smirnov
test to determine whether the distribution was normal. Due to the fact
that most variables except for age were not normally distributed, Fried-
man’s test was conducted to evaluate whether there was a significant
change in the total number of detected bone metastasis among the
different sequences. Pairwise comparisons were performed using the
Wilcoxon signed-rank test. A p-value of less than or equal to 0.05 was
accepted as statistically significant.

Results

Twenty-three women with pathologically confirmed breast cancer
were included in our study. The women were aged between 23-80
(mean + standard deviation, 47.7+12.9) years. All patients included in
the study were stage 3 or higher at the time of diagnosis. Eight of the
23 patients had bone metastasis (26%). Bone metastases were domi-
nantly localized in the spine (63%) and pelvis (25%).

Breast carcinoma was histopathologically confirmed in surgical speci-
men or using a tru-cut biopsy for every patient. Three patients (13%)
were determined to have bone metastases after histopathologic con-
firmation through surgery and Tru-cut biopsy. The other 20 (87%)
patients had prior 18F-FDG-PET/CT, bone scintigraphy, CE MRI,
18F-FDG-PET/MRI for follow-up and the metastases were recorded
as malignant after a comparison of these modalities. For cases without
pathology results the mean follow up period was 18.5 months (range:
12—-36 months) and was used as the standard of reference. The number
of metastases detected using 18F-FDG-PET/MRI (mean 3.57; medi-
an 0; range, 0-2) was significantly higher than in the PET component
only (mean 2.87, median 0; range, 0-1) (p=0.026) (Figure 1). There
was no statistical difference between the bone metastases detected
with FDG-PET/MRI (mean 3.57; median 0; range 0-2) and CE MRI



Figure 3. a, b. PET/MR (3, b) of the same patient with grade 3
invasive ductal carcinoma. The axial plane PET/MR fusion image (a)
shows bilateral iliac, sacral and vertebral body metastases and the
corresponding axial Dixon T1W MR shows similar metastatic lesions

(Figure 2, 3) (mean 3.43; median 0; range 0-2) (p=0.083). CE MRI
superior to PET for the detection of bone metastasis, but the statistical
significance was not as high as with FDG-PET/MRI (p=0.042).

Discussion and Conclusion

The presence of bone metastasis has an important effect on morbidity
and mortality (22). Early stage breast cancer incidence is increasing
with improved screening techniques and diagnosis of cancer at in situ
stage increases survival. Therefore, optimal assessment for treatment
planning may avoid unnecessary chemotherapy and early detection en-
ables accurate staging and management of therapy (23, 24). 18FDG-
PET/MRI is a new and promising tool in oncologic imaging and may
improve the detection of early bone marrow infiltration and increase
diagnostic confidence in the assessment of bone metastasis (25).

Our data showed that the combined evaluation of PET and MRI with
post-contrast VIBE images increased the detection rate of bone metas-
tases. Previous studies have shown that CE MRI and DW1 have similar
sensitivities for the assessment of bone metastases (26), but only FDG-
PET/CT has lower sensitivity than these modalities. FDG-PET is not
sensitive for hypometabolic metastasis and increased bone marrow ac-
tivity after chemotherapy (27-29). Therefore, in PET/MRI, even in
cases of low FDG activity , the likelihood of correct detection and
staging seems to be higher than PET/CT. (30).

The metabolic information from PET data together with the diagnos-
tic accuracy of CE whole-body MRI without radiation exposure may
increase the sensitivity of detection. FDG-PET/MRI showed superior
lesion detection than only PET component in our study and this may
reflect the superiority of PET/MRI over PET/CT with its ability to
assess early infiltration of bone marrow with malignant tissue, as men-
tioned in the literature (31). However, we found no significant differ-
ence between CE MRI and FDG-PET/MRI, probably because of the
absence of hypometabolic metastases in our study group.

Diagnostic ability of the various radiopharmaceuticals depends on
the type of the metastases. 18F-FDG is superior to other tracers in
the detection of osteolytic pattern, while sclerotic lesions show low
glycolytic activity are well identified by 18F-NaF PET and bone scin-
tigraphy. The low specificity and planar resolution of planar scintig-
raphy and SPECT are the limitations that may decrease the ability of
these techniques to identify early bone infiltration. 18F-NaF PET and
other bone-seeking radiopharmaceuticals identify osteoblastic reaction
around the metastatic lesion of the bone and is not tumor specific (32-
34). Sonni et al. (35) found that the ability of Na[18F]F/[18F]FDG
PET/MRI is superior than ™ Tc-MDP WBBS and Na[18F]F/[18F]
FDG PET/MRI is a promising tool for the evaluation of metastatic
and extra-skeletal lesions.

Celebi F. PET/MRI in the Detection of Bone Metastasis

Our study has limitations, including the limited number of patients
and lack of histopathologic confirmation for every lesion. The results
should be considered as preliminary and larger studies are needed to

show the potential of FDG-PET/MR.

In conclusion, our results showed that FDG-PET/MRI may be benefi-
cial over PET/CT and bone scintigraphy in breast cancer patients with
only few early bone metastasis without radiation exposure.
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ABSTRACT

Objective: The germline breast cancer gene (BRCA) mutation confers a lifetime high risk for breast cancer (BC) and bilateral prophylactic mas-
tectomy is the procedure which allows the highest risk reduction rate. Among other techniques, lipofilling (LF) can be used for breast reconstruction
of these patients. However, there are some oncological safety concerns on the subject. The purpose of this study was to assess the oncological risk of

LF in BRCA healthy patients.

Materials and Methods: A single institution case series was built including BRCA I/II mutated patients with no previous history of BC, who
underwent bilateral prophylactic mastectomy followed by breast reconstruction with exclusive LF or combined with implants or latissimus dorsi flap.
Data were collected regarding patient demographics, clinical information, reconstruction techniques used, and fat grafting details.

Results: From September 1999 till November 2017, we identified 18 BRCA carriers with no history of BC who had undergone bilateral prophylac-
tic mastectomy, followed by breast reconstruction with LE A total of 36 LF procedures were performed following an implant or latissimus dorsi flap,
or as an exclusive fat grafting breast reconstruction. The average number of LF sessions was 1.4 with a mean volume of 108.8cc per breast. Median
follow-up was 33.0 months after mastectomy and 24.5 months after the last LF intervention; no patients were diagnosed with BC during follow-up.

Conclusion: Germline BRCA mutation is a high-risk plight for BC. However, despite the limited follow-up, no BC was detected.

Keywords: BRCA mutation, breast cancer, prophylactic mastectomy, fat grafting, lipofilling, breast reconstruction
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Carriers After Bilateral Prophylactic Mastectomy: A Case Series. Eur ] Breast Health 2019; 15(4): 217-221.

Introduction

The breast cancer genes (BRCA) I and IT are two different tumour suppressor genes responsible for the repair of damaged deoxyribonucleic
acid (1). When mutated, they carry a breast cancer (BC) lifetime risk up to 72% for BRCA I and 69% for BRCA II (2). Nowadays, iden-
tifying a BRCA-mutated patient has multiple implications, since it determines how the oncological team may individualize treatment of
an affected patient, and provides the cancer-free related family members with access to preventive professional guidance (3, 4). Therefore,
management strategies for non-affected germline BRCA carriers must be weighted, with the decision-making process involving a pivotal
plight between closer clinical surveillance and prophylactic interventions. Amidst definitive procedures, bilateral prophylactic mastectomy
(BPM) conceives the highest protection for BC, with a risk-reduction of more than 90% (5, 6).

Patients who undergo BPM procedures are driven by the distress of cancer risk and reconstructive techniques are offered to balance surgi-
cal burden (7). These reconstruction strategies are based on implants devices, autologous tissues or the combination of both procedures
(8). More recently, lipofilling (LF) has become widely popular among surgeons. The technique has been demonstrated to be effective in
breast reconstruction and can be used exclusively or associated with implants and flaps. Its versatileness stems from correction of moderate
sequelae until complete reconstruction of the breast contour (9-11).

Besides the comprehensive debate over the oncological safety of LE actual data does not condemn this procedure (12-17). Nonetheless,
there is currently a lack of knowledge pertaining to the subject. Additionally, the relation between LF and high-risk patients such as
healthy mutated carriers is yet to be fully described. Bearing this in mind, the purpose of this study was to evaluate the oncological safety
of LF on unaffected BRCA carriers, who experienced prior BPM.
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Materials and Methods

This is a non-analytical observational study. Data was collected from
prospectively maintained medical records. Study approval was granted
by the Institut du Sein des Deux Rives — Clinique Rhena Ethical Com-
mittee before the study. Written informed consent was obtained from
all patients.

Study population

Between September 1999 and November 2017, unaffected BRCA mu-
tated women who had undergone BPM followed by LE were elected
to this cohort. Patients genetically classified as having a BRCA variant
of unknown significance were excluded from the analysis, as were those
found to have an occult breast carcinoma on the final pathology report
after the BPM. All patients included underwent prophylactic and re-
constructive surgical procedures at our institution. The study group
included patients who had undergone BPM followed by immediate
breast reconstruction, whether it be implant-based, with autologous
tissue, or combination of both. Patients who had undergone expander
and posterior final implant placement were included. The autologous
flap employed was the latissimus dorsi (LD) flap. Fat grafting was used
as a secondary technique, always performed when the previous recon-
struction technique used did not need further re-interventions. The

only exception was the complete fat grafting reconstruction, in which
LF was the first procedure after the BPM

Data research

Clinical files were reviewed to collect patient demographics, risk fac-
tors, BRCA statements, any previous oophorectomy procedures, pro-
phylactic mastectomy and breast reconstruction details. Recipient and
donor site complications were also reviewed. The follow-up was stated
as the time between the last LF procedure and the last clinical visit.
Clinical assessments and registered exams were analysed.

Technical aspects

The preoperative assessment included clinical interview and physical
examination. Eligible patients underwent a preoperative imaging sur-
vey with mammography, breast ultrasound and breast magnetic reso-
nance. All images were reviewed and approved by a radiologist.

All procedures were conducted under general anaesthesia. In order to
formulate an individual surgical plan for each patient, the surgeon ex-
amined the morphology of the patient and explored the best possibili-
ties for mastectomy and subsequent reconstruction in accordance with
the individual characteristics of the patient. This was followed by a
shared decision-making process. Both total and skin-sparing mastecto-
mies (skin and nipple) were performed. For immediate reconstruction
only, expanders, direct-to-implants and LD flaps were used. Exclusive
LF was offered in a delayed timing of the procedure. We do not rou-
tinely perform sentinel node biopsy for prophylactic mastectomy.

Follow-up regimen for postoperative imaging and surveillance was
scheduled with clinical visits at 1, 2, 6 and 12 months during the first
year after BPM or LF procedures. Subsequently, clinical assessment
was biannual. Imaging surveillance included magnetic resonance and

mammogram, which were performed alternately every six months.

LF technique

The technique employed is a modified version of that described by
Coleman (18). The choice of the donor site depended on each pa-
tient’s morphologic distribution, and no previous subcutaneous in-
filtration was performed. The fat was primarily harvested from abdo-

men, thighs and lumbar areas. The donor site was then infiltrated
with a solution composed of 500ml of saline, 1mg of epinephrine
tartrate (Adrenaline Renaudin® 1mg/mL; Renaudin Laboratoire,
Itxassou, Nouvelle-Aquitaine, France) and 150 mg of chlorhydrate
of ropivacaine (Naropin~ 7.5 mg/mL; AstraZeneca, Courbevoie,
France). The collected fat was centrifuged for 20 — 30 seconds at
3000 rpm, isolating blood cells and plasma from the specimen. The
purified fat was separated from the other contents and set for injec-
tion in 10mL BD Luer-Lok syringes (BD Plastipak™; Becton Dick-
inson, Grenoble, France). A 2 mm cannula was used for LF injection
in both subcutaneous and muscle layers.

Statistical Analysis

Descriptive statistics such median, interquartile and range, or means
and standard deviations were used to describe continuous values con-
sidering variable normality (assessed by graphical analysis and Shapiro-
Wilk test) and outliers. Categorical variables are presented by their
frequencies and proportions. Statistical analyses were conducted using
Statistical Package for Social Sciences for Windows version 23.0 (IBM
Corp.; Armonk, NY, USA) for Windows.

Results

General aspects

A background analysis identified 18 germline BRCA patients with no
history of BC submitted to BPM and breast reconstruction with LFE.
The BPM and LF procedures were performed respectively from Sep-
tember 1999 until June 2016, and from October 2010 until February
2017. There were 77.8% (14/18) BRCA I patients and 22.2% (4/18)
BRCA II. The patients’ median age was 43 years (interquartile range
[IQR], 36 — 49 years) at the first LF intervention. The median follow-
up was 33.0 months after mastectomy, 4.5 months between BPM and
LE and 24.5 months after the last LF procedure. No primary BC was
reported during follow-up surveillance. (Table 1)

Prophylactic mastectomy and immediate reconstruction details

Regarding the prophylactic procedures, there were 55.6% (10/18) nip-
ple-sparing mastectomies, 38.9% (7/18) skin-sparing mastectomies
and one 5.6% (1/18) total mastectomy. For immediate reconstruction,
44.4% (8/18) patients received expanders, 33.3% (6/18) went directly
for implants, 16.7% (3/18) underwent LD flaps (no implant associ-
ated), and 5.6% (1/18) went exclusively for LE All the patients that
primarily received an expander, then proceeded to definitive silicone
implant placement in a subsequent procedure. The mean breast weight
was 472g + 318g. No occult BC was detected on the final pathological

analysis.

Lipofilling details

Most of the breasts (72.2%) (26/36) underwent only one LF interven-
tion, and the mean session volume was 135+78cc per breast. Patients
submitted for implants needed one (85.7%), two (3.6%) or three
(10.7%) LF sessions. Patients submitted for LD flap reconstruction
needed one (33.3%) or two (66.7%) sessions of LF and the exclusive
reconstruction with fat required four interventions with a mean vol-
ume injected per session of 118cc, achieving a total of 474cc. Con-
cerning the final reconstruction, the total mean volume injected per
breast was 194+150cc, with an average total volume of 124+60cc for
prosthesis and 429+117cc for LD flaps. (Table 2)

All the patients presenting with regular donor and receptor site hema-
toma were clinically assisted. No other complications were reported.



Table 1. Patients characteristics

Variable All (n=18)
Age, yr (IQR) 43.8 (36-49)
BMI, (kg/m? — mean+SD) 26.616.4
Diabetes =
Hypertension -
Smoking 1(5.6)
Allergy 2 (11.1)
Type of mastectomy

NSM 10 (55.5)
SSM 7 (38.9)
Total Mastectomy 1(5.6)
Mastectomy weight, gr - mean+SD 4721318
Type of reconstruction

Implant 14 (77.7)
LD flap 3(16.7)
LF exclusive 1(5.6)
Definitive implant volume, cc — mean+SD 3671124
FU after mastectomy, mo — median 33

FU from mastectomy to first LF, mo — median 4.5

FU after last LF, mo — median 24.5

All data presented as N (%) unless otherwise specified

SD: standard deviation; BMI: body mass index; NSM: nipple
sparing mastectomy; SSM: skin sparing mastectomy; LD:
latissimus dorsi; LF: lipofilling; FU: follow-up

Table 2. Lipofilling characteristics (per breast)

Variable All (n=36)
Number of sessions — mean+SD 1.5+0.9
1 26 (72.2)
2 5(13.9)
3 3(8.3)
4 2 (5.6)
Volume injected per sessions, cc — meanSD 135+78
Total volume injected, cc— mean+SD 1944150
<100 cc 11 (30.6)
101-200 cc 15 (41.7)
201-300 cc 2 (5.6)
301-400 cc 3(8.3)
401-500 cc 3(8.3)
>501 cc 2 (5.6)

All data are presented as N (%) unless otherwise specified
LD: latissimus dorsi; LF: lipofilling; SD: standard deviation

Quoc et al. Lipofilling Safety in BRCA Carriers

Discussion and Conclusion

To date, the only study regarding LF in healthy BRCA patients was
published by Kronowitz et al. (19) in 2016. This matched cohort de-
scribed a group of thirty-three healthy BRCA patients submitted to
BPM and LF reconstruction. They reported a mean follow-up of 33.6
and 18.4 months after BPM and LE respectively, and no primary BC
was detected during vigilance. Kronowitz analysed a group that under-
went BPM and LE respectively from 1981 until 2013, and from 2001
until 2014 (19). Other than the distant historical times between BPM
and LF presented in their study, the results were consistent with those
presented by our descriptive analysis (36.0 and 26.2 mean follow-up
months after BPM and LE respectively). As a natural response to the
lack of data, specialties societies still recommend caution when per-
forming LF on high-risk patients, particularly mutation carriers (20,

21).

To determine the oncological risk of LF on BRCA healthy individuals,
it is crucial to discern the microenvironment path from normal to can-
cer cells and to identify which factors are related. Fat tissue is a known
rich source of multipotent mesenchymal stem cells (MSCs), termed
adipose stem cells, (22) and one of the physiological roles of the MSCs
is the homing ability of being recruited to repair injured tissues (23).
Several studies have suggested that MSCs have the ability to partici-
pate in primary and metastatic tumour development, thus playing an
important role in tumour progression (24, 25). This is theoretically
related to the similar microenvironment mechanism of wound heal-
ing and cancer cell proliferation (26). Cytokines and growth factors,
such as platelet-derived growth factor and vascular endothelial growth
factor, mediate a crosstalk between epithelial cells and surrounding
stromal cells that are crucial for cancer initiation, progression and me-
tastases (27). In a study by Massa et al. (28), an in vitro evaluation was
performed with three BC cell lines in direct contact with human fat
tissue and bone marrow fibroblasts. They observed a high proliferation

Primary Reconstruction Procedures

Implant (n=28) LD flap (n=6) LF exclusive (n=2)

1.3+0.6 1.7+0.5 4.0£0.0
24 (85.7) 2(33.3) —
1(3.6) 4 (66.7) -
3(10.7) - _
= = 2 (100.0)
107+48 270465 11841
124£60 429+117 47442
11 (39.3) — -
15 (53.6) - -
2(7.1) - -
- 3(50.0) —
- 1(16.7) 2 (100.0)
— 2 (33.3) -
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rate of BC cells in contact with unprocessed lipoaspirate tissue (2.31
folds in 48 hours) and apparently, no interaction between bone mar-
row fibroblasts and cancer cells (28).

The final LF injected specimen contains fibroblasts, adipose stem cells
and preadipocytes at a different maturation stage. The act of infiltra-
tion provokes an injury at the receptor tissue site, which induces the
adipose stem cells to differentiate and set up the wound healing micro-
environment (22). It is considered perilous to perform this procedure
on a site with the risk of containing dormant cancer. However, when
LF procedures were performed in patients previously treated for BC,
the cancer recurrence rates did not increase. In addition, it is worthy
of note that regardless of the surgical treatment type, with lumpec-
tomy or mastectomy, the result in terms of oncological control was the
same (12-17). For instance, Petit et al. (16) published a large retrospec-
tive study with 513 patients submitted to LF after BC, in which 370
women underwent mastectomy, and the local regional recurrence rate
was 1.38% with a mean follow-up of 19.2 months after LE. Consistent
with this data, Silva-Vergara et al. (15) reported a 1:2 case-controlled
study with 147 patients submitted for mastectomy followed by LE, and
the cumulative relapse rate was 3.4% and 4.2% in cases and controls
groups, respectively.

The liaison between adipose tissue and tumour cells is far more com-
plex than expected. Cancer proliferation support apparently relies on
mesenchymal stromal surroundings, which chemotactically sense the
hypoxia and inflammatory activity of the tumour cells, and collectively
enhance the cancer trophic environment. Besides the induction of col-
lagen matrix deposit and vascular proliferation, there is a favourable
ambiance which blocks anti-tumour immune response, secretes anti-
apoptotic factors and provides a propitious mitogenic context (14, 29).
Concerning the aforesaid pathways, there is lack information about
the trigger mechanism of silent tumour cells. In fact, the scientific
knowledge so far indicates that the synergy between fat tissue, its stem
cells, adipokines and vascular-inducing factors seems to organize and
differentiate the adjacency tissue, and not induce the activation of dor-
mant cancer cells (30).

The adipocyte microenvironment and its capacity to induce the rep-
lication of silent tumour cells is the tight-spot question for high-risk
mutated patients. BRCA-affected patients are often submitted for
other clinical treatments and the interaction between adipocytes and
cancer cells may be underestimated in a mutated healthy patient.
Without sustainable knowledge about subcutaneous tissue behaviour,
its paracrine loop and influence on cells replication pathways, a defini-
tive medical statement is still unwise.

In addition, some limitations should be mentioned. Firstly, this is a
non-analytical study without a control group. In France, the consensus
recommendation for LF in BRCA patients that had a history of BC
presents some strict indications and should be performed with a mini-
mum of two years’ delay. Having said that, the affected sample taken
from our database was limited and most patients were lost during
follow-up. Secondly, the restricted sample size presented compromised
statistical measurements and precluded significant relationships based
on the collected data. Thirdly, there is a limited number of publica-
tions about the subject, which compromised the final statements.

To incorporate LF as a safe procedure, it is essential to be familiar with
the physiology of the adipocyte microenvironment and whether it ac-
quires a silent tumour replication capacity or not. Currently, LF does

not seem to increase BC incidence in patients with germline BRCA
mutation who previously underwent BPM. It is important for patients
to be aware that despite the LF being considered a low-risk procedure

and our positive result, more data is needed to guide the oncological
safety of LF for BRCA patients.
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ABSTRACT

Objective: There are multiple subtypes of breast cancer with different biological and pathological features and accordingly exhibit different clinical
behaviors. The aim of this study was to compare the treatment modalities, clinical features and prognostic characteristics of Mix Mucinous Carcino-
mas (MMBC) and other rare tumors of the breast.

Materials and Method: A total of 2152 patients who were operated on for breast cancer in our clinic between 2010-2019, with pathological
diagnoses of tubular, pure mucinous, mix mucinous or papillary carcinoma were enrolled in the study. Patients were divided into two groups as mix
mucinous patients (Groupl) and other rare tumors (Group2). The demographic, clinical and prognostic characteristics and treatment approaches
were compared between Groups, and additionally between the subtypes of Group 2.

Results: 42 patients participated in our study. Group 1 consisted of 7 patients, and Group2 consisted of 35 patients. The subtypes in Group2 were
papillary (n=21), pure mucinous (n=10) and tubular (n=4). Progesterone Receptor Positivity was found to be significantly higher in Group 2 patients
than in Group]1 patients (p=0.005, p<0.05). Multicentricity rates in the tumors of the patients in Group1 were found to be statistically significantly
higher than the patients in Group 2 (p=0.024, p<0.05). In subtype analysis in Group2, there were no statistically significant differences parameters
in the subgroups (p>0.05). Mean survival was 19.5+5.6 (8.5-30.5) months in Group 1 and 46.3+5.2 (36.1-56.6) months, in Group2 when evalu-
ated separately (p:0.002).

Conclusion: The prognosis of pure mucinosis (PMBC) and other atypical cancers of the breast compared to the (MMBC) is quite good. Rare
pathological types of breast cancer can have favorable outcomes when treated with necessary oncological principles.

Keywords: Breast neoplasms, pure mucinous breast carcinoma, mix mucinous breast carcinoma
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Introduction

Breast cancer accounts for about 23.8% of all cancers seen in women around the world with around 1,380,600 new cases and 458,000

deaths per year. Looking at the statistics of Turkey in 2015, breast cancer is the most common cancer in women and the incidence is
43.8/100,000 (1, 2).

According to the World Health Organization (WHO) classification, breast cancer can be classified into 21 distinct histological types based
on cell morphology, growth and architecture patterns (3). Histopathological classification has a prognostic value. The most common his-

tological type is invasive ductal breast (4).

Invasive papillary carcinoma of the breast constitutes approximately 0.5% of all new breast cancer diagnoses and is the most common
breast cancer, usually seen in postmenopausal women. Invasive papillary carcinoma (IPC) is defined as having papillary architecture

in>90% of the invasive component (5, 6).

Tubular carcinoma is a well-differentiated breast carcinoma and constitutes less than 2% of all breast carcinomas. This tumor is composed

of distinct, well-differentiated tubular structures with open lumens that are lined by a single layer of epithelial cells (3, 7).
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Mucinous breast carcinoma, also known as colloid or gelatinous carci-
noma, is a rare type and constitutes 1-6% of breast carcinomas. In his-
topathological examination, small cell islands and glandular structures
consisting of uniform cells floating in large extracellular mucin lakes
are seen. Hormone receptors are usually positive, the human epider-
mal growth factor (HER-2/neu) is usually negative (8). Mucinous is
defined as a tumor with a mucinous component of 50% or more and
divided into pure and mixed subgroups according to the amount of

cellularity.

Prognosis of pure mucinosis (PMBC) and Mix Mucinous Carcino-
mas (MMBC) have a significant distinction between tumor behavior
and treatment outcomes. PMBC has a favorable prognosis due to slow
growth rates, reduced tumor cell load per unit volume and low lymph
node metastases rates, whereas MMBC usually has a worse prognosis,
similar to invasive ductal carcinomas. Most studies have reported that
PMBC has a slower growth rate and a better prognosis with lower
frequency of axillary lymph node metastasis than MMBC (9-11). The
10-year survival reported for PMBC is 87-90%, and for MMBC it is
54-66% (8).

The aim of this study was to compare the treatment modalities, clini-
cal features and prognostic characteristics of MMBC and other rare
tumors of the breast.

Materials and Method

A total of 2152 patients who were operated on for breast cancer in
Erciyes University General Surgery Department between 2010-2019
were enrolled in the study, after the obtainment of the ted and num-
bered approval from the Erciyes University School of Medicine Ethics
Committee. The final pathological diagnoses of the patients were ret-
rospectively reviewed from the pathology records. Forty-two patients
with Tubular, Pure Mucinous, Mix Mucinous or Papillary carcinoma
were included in the study. Tumor typing was made according to the
World Health Organization criteria (3).Patients were divided into two
groups as mix mucinous patients (Group 1) and other rare tumors
(Group 2). A common database was created by examining patient files
and hospital information system and breast council records. Patient
data were evaluated retrospectively using this database. Group 1 and
Group 2 were compared. Additionally, the subtypes in Group 2 were
compared. The compared parameters include the following; demo-
graphic characteristics, comorbid diseases, family history of breast can-
cer, oral contraceptive use, neoadjuvant chemotherapy status, Breast
Imaging and Data System (BI-RADS) as the radiological scoring sys-
tem (12), tumor localization, multicentricity, multifocality, applied
surgical procedure, number of axillary pathological lymph nodes, tu-
mor diameter, receptor status, HER2/neu gene over expression status
and pathological stage. Breast cancer was staged according to the sixth
edition of the American Joint Committee on Cancer Staging Manual
(13). Neoadjuvant treatment was given to locally advanced tumors.
Histological diagnosis was confirmed by surgery core-needle biopsy or
frozen section during surgery. SLNBs were performed using blue dye
and radiocolloid injections. All patients received a lymphoscintigraphy
on the day of surgery. The dose of the injected radioisotope was 10-12
MBq (on the day of surgery). Patients were surgically treated by either
total mastectomy or breast-conserving surgery. ALND was performed
for Level I and II LN if any macrometastases or micrometastases in
SLN were detected in the frozen section analysis .Multifocal breast
cancer is defined as a case in which multiple invasive foci existed in the
same quadrant, and multicentric cancer was defined as one in which
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the multiple invasive lesions were interspersed in the pleural quad-
rants. Treatment decision making was made in a multidisciplinary
tumor board setting attended by surgeons, medical oncologists, and
radiation oncologists specializing in breast cancer ER, PR, and HER2
receptor statuses were established on the resected primary tumor or on
the core biopsy sample. PR and ER statuses were assessed by Allred
scores, with an Allred score of 3 or more indicating ER or PR positiv-
ity (14, 15). HER2 expression was examined by immunohistochemi-
cal IHC) analysis. A gene amplification assay using fluorescence in
situ hybridization was used in cases where it was difficult to decide
the HER2 status by IHC. The mean survival duration and cause of
mortality were obtained from the population registry information.
Statistical Package for the Social Sciences version 24.0 (IBM Corp.;
Armonk, NY, USA) package program was used for statistical analysis
of the data. Categorical measurements were summarized as numbers
and percentages, and continuous measurements as means and stan-
dard deviations (median and minimum-maximum where necessary).
Chi Fisher test statistics were used to compare categorical variables.
In the comparison of continuous measurements between the groups,
the distributions were controlled and Student T test was used for the
parameters that normally distributed according to the number of vari-
ables. Mann-Whitney U test was used for the parameters not showing
normal distribution. Kaplan-Meier analysis and Log Rank test were
used for survival analysis. Statistical significance level was taken as 0.05
in all tests. This work has been carried out in accordance with the Dec-
laration of Helsinki (2000) of the World Medical Association. Before
the operation, patients were informed about the operation and a writ-
ten consent was obtained.

Invasive ductal carcinoma (IDC), invasive lobular carcinoma, rare
non-invasive tumors and patients whose data were not available were
excluded from the study.

Results

42 patients participated in our study. Group 1 (mix mucinous) con-
sisted of 7 patients, and Group 2 (other rare tumors) consisted of 35
patients. The subtypes in Group 2 were papillary (n=21), pure muci-
nous (n=10) and tubular (n=4). There were no statistically significant
differences between Group 1 and Group 2 in terms of the age of pa-
tients, estrogen receptor status, history of oral contraceptive use, fam-
ily history of breast cancer, radiological BI-RADS, tumor localization,
multifocality, neoadjuvant therapy, surgical treatment method, tumor
diameter, pathological lymph node number, pathological stage, post-
operative duration of stay, postoperative radiotherapy, chemotherapy,
endocrine therapy and targeted treatment (Table 1).

Progesterone Receptor Positivity was found to be significantly higher
in Group 2 patients than in Group 1 patients (p=0.005, p<0.05) (Table
1).Comorbid diseases were found to be statistically significantly higher
in Group 1 than in Group 2 patients (p=0.038, p<0.05) (Table 1).

The rate of patients with breastfeeding history in Group 2 was found to
be significantly higher than the patients in Group 1 (p=0.048, p<0.05)
(Table 1).In the history of surgery variable, the patients in Group 2
had a significantly higher rate of appendectomy, TAH + BSO (total
abdominal hysterectomy with bilateral salpingo-oophorectomy) and
those without any surgical history than those in Group 1 (p=0.031,
p<0.05). Multicentricity rates in the tumors of the patients in Group
1 were found to be statistically significantly higher than the patients in
Group 2 (p=0.024, p<0.05).

223



224

Eur J Breast Health 2019; 15(4): 222-228

Table 1. Patient, tumor, and treatment characteristics

Measurements
Age (min-max)
Estrogen
Progesterone

Her2/neu

Comorbidity

Oral contraceptive

Breastfeeding history

Family history

Surgical history

Pre-op Imaging BI-RADS

Localization

Multicentricity

Multifocality

Neoadjuvant

Surgery

Tumor diameter

Negative
Positive
Negative
Positive
Negative

Positive

Group1n:7
56.7+11.6 (38-73)
0(0.0)

7 (100.0)

6 (85.7)
1(14.3)

7 (100.0)

0 (0.0)

No comorbid disease 2 (28.6)

Singular disease
Double disease
Yes

No

Yes

No

Yes

No
Appendectomy
BCS

TAH+BSO

4(57.1)
1(14.3)
0(0.0)
7(100.0)
4(57.1)
3(42.9)
0(0.0)
7(100.0)
0(0.0)
1(14.3)
1(14.3)

Total Thyroidectomy 1 (14.3)

None
3

4

4A
4B
4C

5
Bilateral
Right
Left
Yes
No
Yes
No
Yes
No
Mastectomy
BCS
T1

T2

T3

4(57.1)
1(14.3)
0(0.0)
2 (28.6)
0(0.0)
0(0.0)
4(57.1)
0(0.0)
3(42.9)
4(57.1)
2 (28.6)
5(71.4)
0(0.0)
7 (100.0)
0(0.0)
7 (100.0)
4(57.1)
3(42.9)
2 (28.6)
3(42.9)
2 (28.6)

Group 2 n: 35
56.6+12.3 (34-85)
2 (5.7)
33(94.3)
9 (25.7)
26 (74.3
25(71.4
10 (28.6
24 (68.6
5(14.3)
6(17.1)
4(11.4)
31(88.6)
32 (91.4)
3(8.6)
3 (8.6)
32 (91.4)
1(2.9)
0 (0.0)
6(17.1)
0(0.0)
28 (80.0)
1(2.9)
1(2.9)
6(17.1)
1(2.9)
18 (51.4)
8 (22.9)
1(2.9)
18 (51.4)
16 (45.7)
0 (0.0)
35 (100.0)
3(8.6)
32(91.4)
2 (5.7)
33(94.3)
9 (25.7)
26 (74.3)
14 (40.0)
19 (54.3)
2 (5.7)

)
)
)
)

p*

0.982

0.691

0.005

0.125

0,038

0.468

0.048

0.570

0.031

0.136

0.800

0.024

0.570

0.691

0.118

0.170



Table 1. Patient, tumor, and treatment characteristics (continued)

Measurements

Lymph nodes

Stage

Postoperative duration of stay ((Mean+SD)(min-max)

Postoperative Radiotherapy

Postoperative Chemotherapy

Postoperative Endocrine treatment

Postoperative Targeted treatment

NO
N1
N2
N3
1A
2A
2B
3A

Yes
No
Yes
No
Yes
No
Yes

No

GOk et al. Atypical Carcinomas of the Breast

Group1n:7 Group 2 n: 35
5 (71.4) 28 (80.0)
1(14.3) 6(17.1)

0 (0.0) 1(2.9)
1(14.3) 0 (0.0)
2 (28.6) 10 (28.6)
3 (42.9) 20 (57.1)
1(14.3) 4(11.4)
1(14.3) 1(2.9)

3.0+2.2 (2-8) 2.4+1.0 (2-6)
6 (85.7) 29 (82.9)
1(14.3) 6(17.1)

3 (42.9) 6(17.1)
4(57.1) 29 (82.9)
4(57.1) 16 (45.7)
3(42.9) 19 (54.3)
0(0.0) 3(8.6)
7 (100.0) 32(91.4)

BCS: Breast-conserving surgery; TAH+BSO: Total abdominal hysterectomy with bilateral salpingo-oophorectomy; SD: Standard deviation

Table 2. Patient, tumor, and treatment characteristics, Group 2 subtypes

Measurements
Age (min-max)
Estrogen
Progesterone

Her2/neu

Comorbidity

Oral contraceptive

Breastfeeding history

Family history

Surgical history

Negative
Positive
Negative
Positive
Negative
Positive

No comorbid disease
Singular disease
Double disease
Yes

No

Yes

No

Yes

No
Appendectomy
BCS

TAH+BSO

Papillary (n: 21)
57.7+12.3 (38-85)

2 (9.5)
19 (90.5)
8 (38.1)
13 (61.9)
13 (61.9)
8 (38.1)
13 (61.9)
3(14.3)
5(23.8)
3(14.3)
18 (85.7)
20 (95.2)
1(4.8)

(9.5)
(90.5)
(0.0)
0(0.0)
5(23.8)

2
19
0

Pure Mucinous (n: 10)
52.6+13.0 (34-76)
0 (0.0)

10 (100.0)
1(10.0)

9 (90.0)

9 (90.0)
1(10.0)

8 (80.0)
1(10.0)
1(10.0)
0(0.0)

10 (100.0)

8 (80.0)

2 (20.0)
0(0.0)

10 (100.0)
1(10.0)
0(0.0)
1(10.0)

Tubular (n: 4)
60.5+10.5 (51-72)
0 (0.0)
4(100.0)
0(0.0)

4 (100.0)
3(75.0)
1(25.0)
3(75.0)

1 (25.0)

0 (0.0)
1(25.0)
3(75.0)
4(100.0)
0(0.0)
1(25.0)

3 (75.0)

0 (0.0)
0(0.0)

0 (0.0)

p*
0.152

0.603

0.323
0.670

0.155

0.444

0.570

p*

0.452

0.493

0.113

0.266

0.676

0.335

0.297

0.310

0.371
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Table 2. Patient, tumor, and treatment characteristics, Group 2 subtypes (continued)

Measurements Papillary (n: 21)  Pure Mucinous (n: 10)  Tubular (n: 4) p*
Total Thyroidectomy 0(0.0) 0(0.0) 0(0.0)
None 16 (76.2) 8(80.0) 4 (100.0)
Pre-op Imaging BI-RADS 3 0 (0.0) 1(10.0) 0 (0.0) 0.632
4 1(4.8) 0(0.0) 0 (0.0)
4A 4(19.0) 2(20.0) 0(0.0)
4B 0(0.0) 1(10.0) 0(0.0)
4C 10 (47.6) 5 (50.0) 3 (75.0)
5 6 (28.6) 1(10.0) 1 (0.0)
Localization Bilateral 1(4.8) 0(0.0) 0(0.0) 0.775
Right 12 (57.1) 4 (40.0) 2 (50.0)
Left 8(38.1) 6 (60.0) 2 (50.0)
Multifocality Yes 1(4.8) 2 (20.0) 0 (0.0) 0.297
No 20 (95.2) 8(80.0) 4(100.0)
Neoadjuvant Yes 1(4.8) 1(10.0) 0 (0.0) 0.734
No 20 (95.2) 9 (90.0) 4(100.0)
Surgery Mastectomy 7 (33.3) 2 (20.0) 0(0.0) 0.334
BCS 14 (66.7) 8 (80.0) 4(100.0)
Tumor diameter T1 5(23.8) 5 (50.0) 4 (100.0) 0.053
T2 14 (66.7) 5(50.0) 0 (0.0)
T3 2 (9.5) 0(0.0) 0 (0.0)
Lymph nodes NO 15 (71.4) 10 (100.0) 3(75.0) 0.437
N1 5(23.8) 0(0.0) 1(25.0)
N2 1(4.8) 0(0.0) 0(0.0)
N3 0 (0.0) 0 (0.0) 0 (0.0)
Stage 1A 2 (9.5) 5 (50.0) 3 (75.0) 0.067
2A 14 (66.7) 5 (50.0) 1 (25.0)
2B 4(19.0) 0 (0.0) 0 (0.0)
3A 1(4.8) 0(0.0) 0 (0.0)
Postoperative duration of stay
((mean+SD)(min-max) 2.6+1.3 (2-6) 2.1+0.3 (2-3) 2.2+0.5 (2-3) 0.364
Postoperative Radiotherapy Yes 17 (81.0) 8 (80.0) 4(100.0) 0.625
No 4(19.0) 2 (20.0) 0 (0.0)
Postoperative Chemotherapy Yes 3(14.3) 3(30.0) 0(0.0) 0.348
No 18 (85.7) 7 (70.0) 4 (100.0)
Postoperative Endocrine treatment  Yes 8 (38.1) 5 (50.0) 3(75.0) 0.378
No 13 (61.9) 5 (50.0) 1(25.0)
Postoperative Targeted treatment Yes 3(14.3) 0 (0.0) 0 (0.0) 0.335
No 18 (85.7) 10 (100.0) 4(100.0)

BCS: Breast-conserving surgery; TAH+BSO: Total abdominal hysterectomy with bilateral salpingo-oophorectomy; SD: standard deviation

In subtype analysis in Group 2, there were no statistically significant  tures, surgical treatment modality and oncological treatment selection
226 differences in demographic characteristics, clinicopathological fea-  in the subgroups (Table 2).
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Graphic 2. Survival in groups

Mean survival was 41.9+4.6 (32.6-51.1) months in all patients
(Graphic 1), and 19.5+5.6 (8.5-30.5) months and 46.3+5.2 (36.1-
56.6) months (p:0.002) in Group 1 and Group 2, respectively, when
they were evaluated separately (Graphic 2).

Discussion and Conclusion

Mucinous carcinoma of the breast is rare in clinical practice and in-
cludes approximately 4% (1% to 6%) of all invasive breast cancers.
It is more common especially in the peri-menopausal and postmeno-
pausal age groups (16). Pure mucinous tumors have a good prognosis.
Mix mucinous cancers have a poor prognosis because of their clinical
characteristics and survival characteristics, which are similar to those of
(IDC). It is important to distinguish mix mucinous tumors from pure
mucinous tumors and other rare types.

Axillary lymph node involvement remains as an important prognos-
tic factor. Axillary lymph node positivity is reported in the literature
as 20-53% in mix mucinous carcinoma, as 4-17% in pure mucinous
carcinoma (9, 17-21), as 3-18% in tubular carcinoma (19, 22, 23)
and as 11% in papillary carcinoma (24) .In our series, it was 29%
for mix mucinous patients. When we evaluated the other rare tu-
mors together, it was 20%. When we evaluated them separately, it
was 0% in pure mucinous carcinoma, 25% in tubular carcinoma
and 28.6% in papillary carcinoma. The lymph node involvement of
mix mucinous tumors in our series were similar to that of papillary
carcinoma.

GOk et al. Atypical Carcinomas of the Breast

In the treatment of mixed mucinous breast carcinoma and other rare
tumors of the breast, the primary treatment protocol is surgery with
postoperative adjuvant therapy. We performed mastectomy on 57%
of the patients in Group 1, and 25.7% of the patients in Group 2.
In our series, multicentricity, tumor diameter and patient request
played a part in the decision of mastectomy. While no patient received
neoadjuvant treatment in the mix mucinous group, 2 patients in the
other group received it. Axillary lymph node involvement and tumor
size played a role in the selection of neoadjuvant treatment. Adjuvant
therapies after mastectomy were planned considering the recommen-

dations of St. Gallen (25).

Radiotherapy was given to all patients after breast-conserving surgery,
and axillary lymph node involvement and tumor size were affected in
patients receiving radiotherapy after mastectomy. Adjuvant endocrine
therapy is indicated for hormone responsive tumors. Almost all muci-
nous carcinomas are positive for estrogen and/or progesterone receptors,
which means that hormonal therapy can be an effective treatment (26).

Human epidermal growth factor receptor (HER-2 / neu) is generally
negative for mucinous tumors (18, 27).In our series, all of the mixed
mucinous tumors were negative and 1 case was positive in pure muci-
nous tumors. When other rare tumors were examined, papillary car-
cinoma was 38% positive and tubular carcinoma was 25% positive.
The presence of HER2 is important for agents targeting HER2, as in
other breast cancers. While no patient received targeted therapy in the
mix mucinous carcinoma group, 8.6% of the other rare tumors group
received targeted treatment.

Di saverio (27) described tumor size as an independent prognostic
indicator. Tumor diameter was reported in the literature to be above
5cm in 48% of mix mucinous tumors and in 22% of pure mucinous
tumors. Tumor diameter in mix mucinous tumors was greater than
pure mucinous tumors and other rare tumors, in many series (17, 28).
In our series, there were 2 patients with a tumor diameter above 5 cm
in the mix mucinous group, and the tumor diameter was not greater
than 5 cm in any patient in the pure mucinous group.

In comparison of radiological imaging methods in literature, it has
been reported that in mucinous tumors with mix pattern, BI-RADS 5
is more predominant than in pure and other types (29). In our series,
5 patients with mix mucinous tumor, 1 patient with pure mucinous
tumor, and 6 patients with papillary carcinoma were BI-RADS 5.

Pure mucinous carcinoma of the breast and other rare tumors have
a favorable prognosis because of low lymph node metastases, small
tumor diameter and high hormone receptor positivity. Mix mucinous
breast cancer has a worse prognosis because of their high incidence,
large tumor size, high axillary lymph node metastases. Rare pathologi-
cal types of breast cancer can have favorable outcomes when treated
with necessary oncological principles.

Our study has several limitations. The major limitations of this study
are the retrospective design and the small number of selected patients
in each group.

Ethics Committee Approval: Ethics committee approval was received for this
study from the Ethics Committee of Erciyes University School of Medicine.

Informed Consent: Written informed consent was obtained from patients who
participated in this study.
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ABSTRACT
Objective: To evaluate the association between retrospective peer review of breast magnetic resonance imaging-guided vacuum-assisted needle biopsies
and positive predictive value of subsequent magnetic resonance imaging-guided biopsies

Materials and Methods: In January, 2015, a weekly conference was initiated in our institution to evaluate all breast magnetic resonance imaging-
guided vacuum-assisted needle biopsies performed over January 1, 2014-December 31, 2015. During this weekly conferences, breast dynamic contrast-
enhanced magnetic resonance imaging findings of 6 anonymized cases were discussed and then the faculty voted on whether they agree with the biopsy
indication, accurate sampling and radiology-pathology correlation. We retrospectively reviewed and compared the magnetic resonance imaging indica-
tion, benign or malignant pathology rates, lesion types and the positive predictive value of magnetic resonance imaging-guided vacuum-assisted needle
biopsy in the years before and after initiating this group peer review.

Results: The number of dynamic contrast-enhanced magnetic resonance imaging and magnetic resonance imaging-guided vacuum-assisted needle
biopsies before and after initiating the review were 1447 vs 1596 (p=0.0002), and 253 (17.5%) vs 203 (12.7%) (p=0.04), respectively. There was a
significant decrease in the number of benign biopsies in 2015 (n=104) compared to 2014 (n=154, p=0.04). The positive predictive value of magnetic
resonance imaging-guided biopsy significantly increased after group review was implemented (Positive predictive value in 2014=%39.1 and positive
predictive value in 2015=%48.8) (p=0.03), although the indications (p=0.49), history of breast cancer (p=0.14), biopsied magnetic resonance imaging
lesion types (p=0.53) were not different. Less surgical excision was performed on magnetic resonance imaging-guided vacuum-assisted needle biopsy
identified high-risk lesions in 2015 (p=0.25).

Conclusion: Our study showed an association between retrospective peer review of past biopsies and increased positive predictive value of magnetic

resonance imaging-guided vacuum-assisted needle biopsies in our institution.

Keywords: Breast, dynamic contrast-enhanced magnetic resonance imaging, magnetic resonance imaging-guided vacuum-assisted needle biopsy, posi-
tive predictive value

Cite this article as: Yalniz C, Rosenblat J, Spak D, Wei W, Scoggins M, Le-Petross C, Dryden MJ, Adrada B, Dogan BE. Association of Retrospective
Peer Review and Positive Predictive Value of Magnetic Resonance Imaging-Guided Vacuum-Assisted Needle Biopsies of Breast. Eur ] Breast Health
2019; 15(4): 229-234.

Introduction

With rising health care costs, recent initiatives have focused on appropriate ordering of tests by physicians, to minimize waste and to im-
prove quality of care (1-7). National campaigns such as ‘Choosing Wisely” have gained significant following to improve the utilization of
high-cost imaging. Dynamic contrast-enhanced magnetic resonance imaging (MRI) of breast is an important tool for screening high-risk
women and for the diagnosis, staging, and evaluation of breast malignancies (8-21). While MRI is highly sensitive (range, 89-100%), it
has moderate to low specificity (range, 37-70%) (22-34), resulting in a significant increase in unnecessary needle biopsies (35-37). More
than half of MRI detected abnormalities cannot be identified with an MRI directed, or “second-look” ultrasound (38-52), leading to an
increased need for MRI-guided biopsies. MRI-guided vacuum-assisted needle biopsy is a costly and time-consuming procedure with a
moderate yield of malignancy (range, 14-35%) and can be stressful procedure for patients due to claustrophobia and positioning, even
occasionally requiring sedation.
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In an effort to educate and inform our dedicated breast radiology
group, a retrospective peer review system was initiated at our insti-
tution to evaluate the indication, technical adequacy, and radiology-
pathology correlation of previously performed MRI-guided vacuum-
assisted needle biopsies and their outcomes. In this study, we present
the outcomes of MRI guided biopsies in our tertiary healthcare institu-
tion before and after the implementation of our MRI-guided vacuum-
assisted needle biopsy peer-review process.

Materials and Methods

This was an institutional review board approved, Health Insurance
Portability and Accountability Act (HIPAA) compliant, retrospective
case review in which the requirement for patient informed consent was
waived. We searched our tertiary imaging center’s MRI database for
patients who underwent breast MRI-guided vacuum-assisted needle
biopsy between January 1, 2014 and December 31, 2014, before initi-
ating the peer review, and between January 1, 2015 and December 31,
2015, after its implementation.

Dynamic contrast-enhanced MRI Technique and MRI-guided
vacuum-assisted needle biopsy

All MR imaging studies were performed using a wide bore 3-Tesla MRI
unit. (Discovery MR750 GE Healthcare, Waukesha, WI) The proto-
col consisted of T1-weighted sequence, followed by dynamic contrast-
enhanced sequence, T2 weighted sequence and a diffusion weighted
imaging sequence. Pulse sequence parameters are outlined in Table 1.
Depending on patient size and scanned area, average scan time ranges
from 38 minutes to 60 minutes. There is no change in protocol between
January 1, 2014 and December 31, 2015. The standard protocol is ap-
plied to all patients with a clinical indication to undergo breast MRI for
further evaluation between aforementioned dates. MRI-guided vacuum-
assisted needle biopsy is recommended for 401 patients.

All MRI-guided vacuum-assisted needle biopsies were performed in a
dedicated prone table (/nvivo Gainsville FL) using a 9-gauge vacuum-
assisted needle (ATEC; Hologic, Bedford, Mass). Some of the patients
in our study had more than one biopsy performed and each biopsy was

considered as a separate entity.

Peer Review Process

In January, 2015, a weekly conference was initiated to evaluate all
MRI-guided vacuum-assisted needle biopsies performed over January
1, 2014-December 31, 2015. During each weekly conference, 6 ano-

nymized cases were presented by a breast imaging faculty member of
5-16 years of experience with breast MRI interpretation to an audience
of breast imaging faculty comprising our entire group and the breast
imaging fellows. The MRI findings and the biopsy indications of the
lesions were discussed and then the breast imaging faculty voted on
whether they agree with (a) the biopsy indication (b) appropriate sam-
pling (c) radiology-pathology correlation (d) final recommendation.

Below data was collected from the electronic health record of each
patient (a) patient age at the time of biopsy, (b) the indication for the
study, (c) whether the patient had a new breast cancer or was treated
for breast cancer in the past, and if so, whether the cancer was ipsilat-
eral or contralateral to the biopsy site, (d) lesion type (mass or non-
mass) and size. The pathology results were reviewed and categorized
into benign, high-risk [atypical ductal hyperplasia, atypical lobular
hyperplasia, lobular carcinoma in situ, atypical papilloma, and radial
scar (including complex sclerosing lesion, complex sclerosing adenosis,
and radial sclerosing lesion)] or malignant. Cancers were further clas-
sified into invasive or pure ductal carcinoma in situ based on their
final surgical histopathology. In our institution, short-term MRI fol-
low up or excision is not performed for lesions revealing benign and
concordant results, in line with recent literature (53). Lesions revealing
atypia are routinely reviewed in a multidisciplinary Clinical Manage-
ment Conference, comprised of representatives from breast radiology,
pathology, surgery departments and primary care providers who make
a consensus management recommendation.

To control for possible radiologist interpretation differences between
the two years, MRI-guided vacuum-assisted needle biopsy recommen-
dations of radiologists who joined our group in 2014 and 2015 were
excluded, and only the readings and recommendations by the same
group of radiologists (n=12) at our institution were included in the

analysis.

Statistical Analysis

Total number of MR imaging performed, number of biopsies, patient
and tumor characteristics were summarized using frequencies and per-
centages. Biopsy rate was estimated along with 95% confidence inter-
val (CI) for 2014 and 2015. Fisher’s exact test was used to compare
MRI-guided vacuum-assisted needle biopsy rates and patient charac-
teristics of biopsied cases between these years. All tests were two-sided
and p-values of 0.05 or less were considered statistically significant.
Statistical analysis was carried out using SAS version 9 (SAS Institute,

Cary, NC).

Table 1. Dynamic contrast-enhanced breast MRI protocol

Pulse Sequence Pre-contrast

Parameters T1-Weighted contrast)
Average scan time (min) 5 10
TR/TE 5.4/2.1ms 5.4/2.2ms
Flip Angle 10° 10°
Slice 1.8/-0.9mm 1.8/-0.9mm
FOV ~30cm ~30cm
Matrix 384x384 480x384

TR: Repetition Time; TE: Echo Time; FOV: field of view

DCE (1 pre+5 post

Protocol Pulse Sequences

T1-Weighted

Sagittal T2-Weighted DWI
7 10 6
7.5/2.1ms ~5000/100ms ~5000/60ms
10° 90° 90°
2.4/-1.2mm 5/1mm 4/0mm
~22cm ~30cm ~36cm
384x320 384x224 170x224



Results

Of 459 MRI-guided vacuum-assisted needle biopsy procedures per-
formed in the defined two-year time frame, 253 occurred between Jan-
uary 1, 2014-Jan 1, 2015 and 203 between Jan 1, 2015 and December
31, 2015. A single lesion was biopsied in each patient.

In the defined timeframe, significantly more dynamic contrast-en-
hanced MRIs were performed in 2014 compared to 2015 (1447 vs
1596, p=0.0002) while a lower biopsy rate was observed (17.5% vs
12.7% p=0.04).

There were no significant differences between patient age [median 50
vs 51 years, (p=0.8)], MRI indication (p=0.49), history of ipsilateral or
contralateral breast cancer (p=0.14) or MRI lesion types (mass vs non-
mass like enhancement, p=0.53) between the two groups. In 2014
there was a significantly higher benign biopsy rate (154 of 253,60.9%)
compared to 2015 (104 of 203, 51.2%) (p=0.04). The malignancy
rates were similar (26.09% in 2014 and 26.11% in 2015), there was

Table 2. Pathology results of the biopsied lesions
in 2014 and 2015

MRI Year
2014 2015
n % n % *p
Benign 154 60.87 104 51.23 0.046
Cancer 66 26.09 53 26.11
High Risk 32 12.65 44 21.67 0.03
All 253 100.00 203 100.00
Positive predictive
value 39.13% 48.77% 0.046

Table 3. Breast MRl indications and findings of the
biopsied lesions in 2014 and 2015

MRI Year
2014 2015

n % n % *p
Breast Cancer
Extent of Disease 131 51.78 115 56.65 0.49
High-risk screening 53 20.95 39 19.21
Other 15 5.93 12 5.91
Breast Cancer
Surveillance 18 7.11 7 3.45
*Problem solving 36 14.23 30 14.78
MRI finding
Asymmetry 1 0.40 0 0 0.53
Mass enhancement 107 42.29 94 46.31

*p-values by Fisher’s exact test
*Problem solving: further evaluation due to abnormal mammography,
ultrasonography, nipple retraction
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a higher rate of high-risk lesions identified in 2015 (21.7% vs 12.7%)
(p=0.03). There was a slight but significant increase in the positive
predictive value of MRI-guided vacuum-assisted needle biopsies in
2015 [48.8% (97/203)] compared to those in 2014 [39.1% (98/253)
(p=0.04)] (Table 2).

Clinical parameters including breast MRI indication, lesion type on
MRI (mass vs non-mass), were not significantly different (Table 3).

Discussion and Conclusion

Magnetic resonance imaging is an important diagnostic tool for breast
cancer and for screening high-risk patients. MRI has a high sensitivity
for the detection of breast lesions however its specificity is low (22-
34), increasing the false positive results and leading to costly, time and
resource consuming interventions like MRI-guided vacuum-assisted
needle biopsy. MRI-guided vacuum-assisted needle biopsy can be
done in an outpatient office for half of a surgical biopsy cost without
the need for anesthesia and hospitalization (54). However, this cost is
approximately twice as much as an ultrasound image-guided biopsy or
a stereotactic image-guided biopsy (55).

In our study, despite an increase (10.3%, p=0.0002) in the overall
number of dynamic contrast-enhanced breast MRIs between pre-PRS
and post-PRS periods, there was a significant decrease (p=0.0002) in
the overall number of MRI-guided vacuum-assisted needle biopsies
recommended by the same group of radiologists, without signifi-
cant differences in the MRI indication (p=0.49) or MRI lesion type
(p=0.53). Less benign biopsies occurred in 2015 compared to 2014
(p=0.0002). There was a statistically significant increase in positive
predictive value of MRI-guided vacuum-assisted needle biopsy after
the initiation of PRS in January 1, 2015 (p=0.046), although the same
group of radiologists made the decision of biopsy.

The overall malignancy rate of breast lesions underwent MRI-guid-
ed vacuum-assisted needle biopsy was 26.1% in 2014 and 26.1% in
2015. Our results are similar to the malignancy rates of previous re-
ports, which range between 20-43% (22, 24, 56-60). Our malignancy
rate is at the lower end of the spectrum, because all suspicious mass-
like enhancements —which are more likely to yield malignancy (48)-
undergo MRI-directed ultrasound in our institution.

The upgrade rate for high-risk breast lesions identified at MRI-guided
vacuum-assisted needle biopsy ranges between 3-21.5% (28, 61-62).
In our study, 62.5% (20/32) of high-risk lesions were excised in 2014,
this ratio was 45.5% (20/44) in 2015 (p=0.17). None of these high-
risk lesions were upgraded into malignancy upon surgical excision.
Surgical excision rate of high-risk lesions decreased in 2015, although
the difference was not statistically significant (p=0.25).

Our study has some limitations. First, this is retrospective study per-
formed in a single institution. The small number of patients included
decreases the power of the statistical results. Further, for mass-like MR
enhancement, we start our work up with MRI-directed ultrasound,
and if a correlate is identified, perform ultrasound-guided needle bi-
opsy. Non-mass like enhancement and masses with no ultrasound cor-
relate are subjected to MRI-guided biopsy. MRI-directed ultrasound,
and ultrasound guided biopsy rates are not included in this study.
However, our primary goal was to investigate the rate of MRI-guided
biopsies since ultrasound guided biopsy does not involve contrast or
require magnet time, is much better tolerated and less costly compared
to MRI-guided vacuum-assisted needle biopsy.
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Our weekly all-radiologist review of MRI-guided vacuum-assisted
needle biopsies was associated with an increase in positive predictive
value of biopsies over time independent of lesion type, indication or
history of breast cancer. Peer-review was associated with significantly
less surgical excisions for high-risk lesions identified on MRI-guided
vacuum-assisted needle biopsy.
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ABSTRACT

Objective: Triple-negative breast cancer (TNBC) is a heterogenous group of tumors with no estrogen receptor (ER), progesterone receptor (PR)
and Cerb-B2/HER2 expression. Programmed death ligand-1 (PD-L1) is a transmembrane protein located on both non-tumor and tumor cells and it
has been shown to be associated with the escape of tumor cells from the immune system. PD-L1-targeted therapy alone or in combination is now an
alternative strategy in several aggressive tumor types. In this respect, TNBC is a potential candidate having limited treatment options and poor outcome.
Material and Methods: Sixty-one breast cancers with no expression of ER, PR and Cerb-B2/HER2 were chosen to study PD-L1 immunohisto-

chemistry. PD-L1 staining and its correlation with main clinicopathological parameters were evaluated.

Results: The percentage of PD-L1 positivity was 37.7% and 47.5% in tumor and tumor microenvironment, respectively. The positivity rate was higher
in breast carcinomas with medullary features (83.3%) and metaplastic carcinoma (66.6%) subgroups. PD-L1 expression of tumors was positively cor-
related with their Ki-67 score and PD-L1 positivity of the tumor microenvironment. No significant relationship was found between the other variables.

Conclusion: PD-L1I expression rate was remarkable both in the tumor and the tumor microenvironment of TNBCs. Larger cohorts of TNBC
are required to further describe their PD-L1 expression characteristics and help standardize PD-L1 immunohistochemistry assays in these tumors.

Keywords: PD-L1, breast cancer, triple-negative breast cancers, immunohistochemistry, monoclonal antibody
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Introduction

Breast cancer is the most common malignancy and the second most common cause of cancer-related death in women (1). The widespread
use of mammographic screening in recent years has increased the awareness of breast cancer (1). Targeted therapies against the estrogen
receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) have provided significant improvement
in breast cancer prognosis (2). However, tumors lacking ER, PR and HER2 expression, called triple-negative breast cancers (TNBC), have
a poor prognosis and unsatisfactory treatment options (3).

Programmed death ligand-1 (PD-L1) encoded by the CD274 gene on the chromosome 9 is a 40 kDa transmembrane protein found
in a number of normal tissue cells such as natural killer cells, macrophages, myeloid dendritic cells, B-cells, epithelial cells and vascular
endothelial cells (4). Recent studies on a wide variety of epithelial tumors have shown that tumoral escape from the host immune system
is enhanced by the PD-1 (Programmed Death Receptor 1)/PD-L1 signal pathway by the interaction of the PD-1 expressed on tumor-
infilerating lymphocytes (TIL) and the PD-L1 expressed on tumor cells (4).

Expression of PD-L1 in tumor cells is one of the most important mechanisms associated with tumors™ defense against immune system
attacks (4). Studies have demonstrated that PD-L1 expression is evident in malignant melanoma, renal cell carcinoma, non-small cell lung
cancer, colorectal carcinoma, gastric carcinoma, pancreatic carcinoma, some breast carcinomas and various hematological malignancies
(5). These tumors are potential targets for PD-1/PD-L1 inhibitor therapies (5). However, data on PD-L1 expression of breast cancers has
been limited. There is conflicting data on the possible effect of PD-L1 expression on breast cancer prognosis; some reports indicate PD-L1
to be a favorable factor (6-8), while others consider it unfavorable (2, 4, 9) or of no effect (10, 11).
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In this study, we analyzed PD-L1 expression of 61 TNBC cases and
correlated them with major clinicopathological parameters.

Materials and Methods

Case selection and patient data

Triple negative breast cancers diagnosed in our Pathology Department
between January 2009 and July 2017 were retrieved from pathology
archives. Sixty one cases had paraffin blocks available for the study.
The grades and histotypes of tumors were reviewed by two pathologists
using American Society of Clinical Oncology/College of American
Pathologists (ASCO/CAP) breast cancer guidelines. The slides with
hematoxylin and eosin (H&E), ER, PR, HER2 and Ki-67 stainings
were evaluated. Clinicopathological information including patient
age, tumor size, TNM stage, type of surgery, date of the last follow-up
and date of recurrence were collected from the medical records retro-
spectively. The Sisli Hamidiye Etfal Training and Research Center,
University of Health Sciences Ethics Committee approval has been
received beforehand. Patient consent forms were deemed nonessential.

Immunohistochemical studies

Immunohistochemical staining for PD-L1 antibody (rabbit mono-
clonal antibody, #13684, clone: E1L3N, cell signalling technologies,
USA, 1:400) was performed using the DAB peroxidase method on a
(Leica Bond III) device. Other primary antibodies used for immuno-

histochemical assays are as follows: ER, PR, HER2 and Ki-67. Three-
micron thick sections were taken from the paraffin embedded blocks
for immunohistochemical assays.

Immunostaining procedure was performed on a (Leica Bond III) de-
vice after slides were incubated at 80°C for 3 hours. Briefly, Bond-
Dewak solution was applied for 10 minutes at 60°C, slides were then
deparaffinized and rehydrated through graded ethanol solutions. An-
tibody retrieval was carried out by applying ER1 at 96°C for 20 min-
utes, followed by H,O, blocking for 13 minutes at room temperature.
The primary antibody (PD-L1, rabbit monoclonal antibody, #13684,
clone: E1L3N, cell signalling technologies, USA, 1:400) was applied
for 30 minutes, then it was washed and secondary antibody was ap-
plied for 8 minutes at room temperature. DAB was used as a chro-
mogen and hematoxylin was used for counterstaining. Coverslipping
followed graded alcohols and xylene.

Immunohistochemical evaluation

Programmed death ligand-1 immunohistochemical staining was eval-
uated both in the tumor and the peritumoral microenvironment. Tu-
moral PD-L1 staining was designated as positive when clear membra-
nous or cytoplasmic staining was present in at least 1% of tumor cells.
The extent of tumor staining was further classified into the following
subcategories: <1%: score 0, 1% to 5%: score 1, 6% to 50%: score 2
and >50%: score 3 (Figure 1). Scores 1 to 3 were considered as posi-
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Figure 1. a-d. Tumoral PD-L1 scoring. Score 0: no staining, x100 (a). Score 1: 1-5% tumoral staining, x100 (b). Score 2: 6-50% tumoral staining,

X100 (c). Score 3: >50% tumoral staining (d)



Dogukan et al. PD-L1 in Triple Negative Breast Cancers

Figure 2. a, b. PD-L1 positivity of tumor and tumor microenvironment. PD-L1 immunostaining in tumor and tumor microenvironment, x100 (a).
Marked PD-L1 expression in tumor microenvironment, x200 (b)

Table 1. Clinicopathological Features of triple negative breast cancer cases

MeanzSD (Min-Max)

Age 50.2+12.0 (26-95)
Mean Ki-67 score (%) 38.6+23.8 (5-80)
Tumor diameter (cm) 4.243.3 (0.7-15)
n %
Tumor site uoQ 28 45.9
uiQ 13 21.3
LOQ 8 1341
Multiple quadrants 5 8.2
LIQ 4 6.6
Retroareolar 3 4.9
Histologic type Invasive carcinoma, NST 42 68.9
Invasive carcinoma with medullary features 6 9.8
Metaplastic carcinoma 6 9.8
Apocrine carcinoma 3 4.9
Invasive lobular carcinoma 2 33
Mixed carcinoma 1 1.6
Secretory carcinoma 1 1.6
Histologic grade 1 3 4.9
2 8 13.1
3 50 82.0
Nuclear grade 1 1 1.6
2 11 18.0
3 49 80.3
Pathologic stage 1 13 21.3
2 33 541
3 14.8
4 9.8
Lymph node metastasis 31 50.8
Lymphovascular invasion 30 49.2
DCIS 22 36.1
Neoadjuvant therapy 16 26.2
Recurrence/distant metastasis 18 31.0
SD: Standard deviation; UOQ: Upper outer quadrant; UIQ: Upper inner quadrant; LOQ: Lower outer quadrant; LIQ: Lower inner quadrant; NST: No special
type; DCIS: Ductal carcinoma in-situ 237
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Table 2. PD-L1 expression in tumor and tumor
microenvironment

n %
Tumoral positivity of PD-L1 23 37.7
Tumoral PD-L1 score 0() 38 62.3
1 (1-5%) 6 9.8
2 (5-50%) 11 18.0
3 (>50%) 6 9.8
Microenvironment
positivity of PD-L1 29 47.5
Tumoral or microenvironment
positivity of PD-L1 36 59

tive and score 0 as negative. Peritumoral PD-L1 expression was scored
as positive or negative where “positive” noted >5% PD-L1 staining
(Figure 2).

Expressions of ER and PR were considered negative when less than 1%
of tumor cells were stained (12). HER2 staining of the tumors were
evaluated according to ASCO/CAP recommendations (13). HER2
slides were scored as 0, no staining or faintly seen incomplete membra-
nous staining within <10% of tumor cells; 1+, faintly seen incomplete
membranous staining within >10% of tumor cells; 2+, weak/moderate
incomplete membraneous staining within >10% of tumor cells or com-
plete circumferential membranous staining within <10% of tumor cells;
and 3+, complete circumferential membranous staining within >10%
of tumor cells (13). HER2 expression was regarded negative if the score
was 1 or lower. Microscopic evaluation of the immunohistochemically

stained slides were made by two pathologists (RU, CT).

Table 3. Correlation of tumoral PD-L1 positivity with clinicopathologic parameters

Tumoral PD-L1 positivity

Positive (n=23) Negative (n=38)

n % n % P
Histologic type Invasive carcinoma, NST 10 43.5 32 84.2 0.004
Invasive carcinoma with
medullary features 21.7 1 2.6
Metaplastic carcinoma ) 17.4 2 53
Invasive lobular carcinoma 1 43 1 2.6
Apocrine carcinoma 1 43 2 53
Mixed carcinoma 1 4.3 0 0.0
Secretory carcinoma 1 43 0 0.0
Histologic grade 1 0 0.0 3 7.9 0.440
2 17.4 4 10.5
3 19 82.6 31 81.6
Nuclear grade 1 0.0 1 2.6 1.000
2 4 17.4 7 18.4
3 19 82.6 30 78.9
Pathologic stage 1 4 17.4 9 23.7 0.545
2 1 47.8 22 57.9
3 5 21.7 4 10.5
4 3 13.0 3 7.9
Lymph node metastasis present 11 47.8 20 52.6 0.716
absent 12 52.2 18 47.4
Lymphovascular invasion present 13 56.5 17 44.7 0.372
absent 10 43.5 21 55.3
DCIS present 10 43.5 12 31.6 0.348
absent 13 56.5 26 68.4
Microenvironment positivity of PD-L1 present 16 69.6 13 34.2 0.007
absent 7 30.4 25 65.8

Mean Ki-67 score (%)
SD: Standard deviation; NST: No special type; DCIS: Ductal carcinoma in-situ

MeanSD (Median)
47.8426.4 (50)

MeanSD (Median) P
33.0£20.4 (30) 0.017



Statistical Analysis

The software Statistical Package for the Social Sciences version 15.0 (SPSS
Inc.; Chicago, IL, USA) was used for the statistical analysis. Independent
two-group comparisons were made by Student’s t test when the variables
provided normal distribution and Mann Whitney U test was used when
the variables did not display a normal distribution. Comparisons of ratios
in independent groups were performed with Chi-Square Analysis. P values

lower than 0.05 were considered statistically significant.

Disease-free survival (DFS) was measured as the time between the date

of the initial diagnosis and the date of metastasis or relapse whichever
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was earlier. The duration of follow-up was the period between the date
of diagnosis to the the last follow-up date.

Results

Clinical and histopathological findings

Sixty one TNBCs were included in the study. The mean age was
50.2+12.0 years (range 26-95 years). The mean tumor size was 4.213.3
cm (range 0.7-15.0 cm). Tumors consisted of 42 (68.9%) invasive
carcinoma, NST, 6 (9.8%) breast carcinomas with medullary fea-
tures, 6 (9.8%) metaplastic carcinomas, 3 (4.9%) apocrine carcino-
mas, 2 (3.3%) invasive lobular carcinomas (pleomorphic variant), 1

Table 4. Correlation of microenvironment positivity of PD-L1 with clinicopathologic parameters

Microenvironment positivity of PD-L1

Positive (n=29) Negative (n=32)

n % n % p
Histologic type Invasive carcinoma, NST 17 58.6 25 78.1 0.252
Invasive carcinoma with medullary features 5 17.2 1 3.1
Metaplastic carcinoma 4 13.8 2 6.3
Invasive lobular carcinoma 1 3.4 1 3.1
Apocrine carcinoma 1 3.4 2 6.3
Mixed carcinoma 0 0.0 1 3.1
Secretory carcinoma 1 3.4 0 0.0
Histologic grade 1 0 0.0 3 9.4 0.277
2 5 17.2 3 9.4
3 24 82.8 26 81.3
Nuclear grade 1 0 0.0 1 3.1 1.000
2 5 17.2 6 18.8
3 24 82.8 25 78.1
Pathologic stage 1 1 3.4 12 37.5 0.001
2 23 79.3 10 313
3 3 10.3 6 18.8
4 2 6.9 4 12.5
Lymph node metastasis present 14 48.3 17 53.1 0.705
absent 15 51.7 15 46.9
Lymphovascular invasion present 15 51.7 15 46.9 0.705
absent 14 48.3 17 53.1
DCIS present 9 31.0 13 40.6 0.436
absent 20 69.0 19 59.4
Tumoral PD-L1 score 0 13 44.8 25 78.1 0.033
1-5% 3 10.3 3 9.4
5-50% 9 31.0 2 6.3
>50% 4 13.8 2 6.3

Mean Ki-67 score (%)

SD: Standard deviation; NST: No special type; DCIS: Ductal carcinoma in-situ

MeanSD (Median)
44.5+25.9 (40)

MeanSD (Median) P
33.3+20.7 (32.5) 0.066
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(1.6%) secretory carcinoma, and 1 (1.6%) mixed carcinoma. Three
cases (4.9%) were grade I, 8 cases (13.1%) were grade II, and 50 cases
(82.0%) were grade III. According to the AJCC’s 8th Edition of Can-
cer Staging Manual, 13 (21.3%) of the pathologically staged tumors
were pT'1, 33 (54.1%) were pT2, 9 were (14.8%) pT3 and 8 were
pT4. At the time of diagnosis, 31 (50.8%) cases were positive and 30
(49.2%) cases were negative for lymph node metastasis (Table 1).

PD-L1 expression

Thirty six cases (59%) displayed PD-L1 expression in either the tumor
or the tumor microenvironment. Twenty three cases (37.7%) showed
tumoral positivity (score 1-3) with PD-LI. Six (9.8%) of these positive
cases were score 1, 11 cases (18.0%) were score 2 and 6 cases (9.8%)
wete score 3. No tumoral staining (score 0) was observed in 38 cases
(62.3%). Twenty nine cases (47.5%) showed PD-L1 positivity (>5%)

in tumor microenvironment (Table 2).

Tumor PD-L1 positivity rate was relatively low in patients with inva-
sive carcinoma, NST (23.8%) and high in patients with breast carci-
nomas with medullary features (83.3%) and metaplastic carcinoma

(66.6%) (Table 3).

Programmed death ligand-1 positivity rate in the microenvironment
was higher in cases where tumoral PD-L1 was also positive (p=0.007).
Similarly, tumoral PD-L1 positivity of the cases with a positive mi-
croenvironment staining was statistically significantly high as well
(p=0.033). Sixteen cases were PD-L1 positive in both the tumor and
the microenvironment. There was no statistically significant relation-
ship between tumoral or microenvironmental PD-L1 expression status
and main clinicopathological and survival parameters such as tumor
type, tumor grade, lymph node metastasis, lymphovascular invasion
(LVI), the presence of ductal carcinoma in-situ (DCIS), recurrence
and/or metastatic status (Table 3, 4).

Discussion and Conclusion

Triple negative breast cancers are generally aggressive tumors that oc-
cur in a younger population than other breast cancers. They constitute
approximately 10-20% of all breast carcinomas (14, 15). Due to their
rapid growth, they are usually encountered in advanced stage at the time
of diagnosis (3). TNBCs do not benefit from neither hormone therapy
nor trastuzumab, due to their lack of responsive receptors (3). Anthracy-
cline, taxane, ixabepilone and platinum-based chemotherapeutic agents
are the current treatment strategies; yet there is no single effective agent
for these tumors (16). The presence of PD-L1 in TNBCs can justify a
potential treatment option and prove to be a prognostic and predictive
marker as was demonstrated in other types of tumors (5).

There are significant differences in the method and evaluation of PD-
L1 immunohistochemistry assays in the literature. H scores, percent-
age thresholds (1%) and tiered scoring systems (0-3) are the most
common approaches to evaluate tumoral PD-L1 expression (4, 10,
17, 18). Threshold values of 1% and 5% have been applied to as-
sess PD-L1 positivity in the tumor microenvironment (10, 17). Three
different clones of PD-L1 (E1L3N, SP142, 28-8) have been used in
different studies (4, 6, 10, 17, 18). In one study that compares these
three clones, the staining rates in each of the three clones were found
to be different from each other but their superiority was not specified
(19). Further studies are recommended in larger groups to determine
the gold standard antibody and the optimal cutoff value (19). EIL3N
was the preferred clone in our study. We evaluated the PD-L1 response
both in the tumor and the tumor microenvironment as was done by

others (10, 20). We preferred a 0-3 scoring system for tumoral staining
and a 5% cutoff for microenvironmental staining. The lack of valida-
tion among different PD-L1 clones limits our study. Besides, further
analytic methods other than immunohistochemistry could enhance
the value of our results.

Programmed death ligand-1 expression ranges between 8.3%-59% for
the tumoral compartment and between 16.2%-93% for the microen-
vironment in the studies with different evaluation methods and clones
(4, 6, 10, 17-21). We found a PD-L1 expression (score 1-3) rate of
37.7% (23 cases) in our 61 TNBC cases. Staining was negative (score
0) in 38 cases (62.3%). In detail, the numbers of cases with each score
were 6 (9.8%), 11 (18.0%) and 6 (9.8%) for the score 1, 2 and 3 re-
spectively. In two TNBC studies using the same clone, tumoral stain-
ing was reported as 21% and 33.2% (17, 21). Dill et al. (17) identified
a subgroup of TNBC with high PD-L1 expression (>50%) which they
named ‘diffuse staining’; it constituted 5% of their cases. We named
this pattern ‘score 3’ and 9.8% of our cases were in this subgroup. In
our study, there was PD-L1 positivity in 36 cases (59%) in at least one
compartment and there was a statistically significant positive correla-
tion between the PD-L1 tumoral staining and the expression of the
PD-L1 in tumor microenvironment (p=0.007).

The relationship between tumoral PD-L1 positivity and Ki-67 pro-
liferation index was found to be statistically significant (p=0.017).
This result should be supported by the data of further survival stud-
ies. There was no statistically significant relationship between PD-L1
expression in tumor or tumor microenvironment and parameters such
as age, tumor size, tumor grade, lymph node metastasis, the presence
of LVI or DCIS, recurrence and/or metastasis status. However, there
are several studies in the literature that reported a significant relation-
ship between some of these parameters and tumoral PD-L1 expression
(4, 6, 10, 17, 18). There was a statistically significant difference in
histopathological tumor types of the PD-L1 positive and negative cases
in our study (p=0.004). Most of the 61 TNBC cases were invasive
ductal carcinomas, NST and 84.2% of these showed no expression of
PD-L1. However tumors with medullary-like features and metaplastic
carcinomas showed high PD-L1 expression ratios; 83.3% and 66.6%
respectively. Increased PD-L1 expression has been previously reported
in breast carcinomas with medullary features, apocrine and metaplastic
carcinoma subtypes of breast cancer (17).

Triple-negative breast cancers are tumors showing early and frequent
recurrence and/or metastasis (22). The mean follow-up period in our
study was 24.8 months (0-87 months) and recurrence and/or metasta-
sis was seen in 31% of cases. The mean duration of disease-free follow-
up was 22.6 months. However, the follow-up times of our cases were
too short and the clinical data were mostly insufficient to build up a
Kaplan-Meier plot. Several studies in the literature showed variable
association between PD-L1I expression and overall or disease-free sur-
vival (10, 20, 21). Studies with larger series can clarify the relevance of
PD-L1 with regards to survival.

In conclusion, PD-L1 expression rate was remarkable both in the tu-
mor and the tumor microenvironment of TNBCs. There was a statisti-
cally significant association between the tumoral PD-L1 positivity and
parameters such as histological type and Ki-67 index, but no relation-
ship was found between PD-L1 expression and other prognostic fac-
tors. Data presented by other reports in the literature is highly variable
on account of technical differences and use of several PD-L1 clones.
Standardization should be provided with further studies.



Triple-negative breast cancers constitute a tumor category that has no
specific targeted therapy and requires new therapeutic options. The ex-
pression of PD-L1 in and around these tumors may provide rationale
for the use of anti-PD-LI therapies (PD-L1 monoclonal antibodies)
for these aggressive neoplasms. Larger cohorts of TNBC are required
to further describe PD-L1 expression characteristics and help stan-
dardize PD-L1 immunohistochemistry use in these tumors.
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ABSTRACT
Objective: Breast cancer is the most common type of cancer among women in Turkey, with approximately 15.000 breast cancer diagnoses each year.
In this study, our goal was to determine annual direct medical costs of all breast cancer patients in Turkey with top down cost approach.

Materials and Methods: Data regarding patients who have been diagnosed with breast cancer and received health services from any hospital in
Turkey in 2014 were used for the purpose of the study. Data were obtained from the MEDULA System for a total of 126.664 patient. Treatment of costs
of patients were calculated based on types of patient admissions (inpatient/outpatient/intensive care) and costs of drugs and medical equipment. Indirect
costs and out of pocket costs were not included.

Results: Total medical costs of 126,664 patients was calculated as $116.792.107,9, with an average treatment cost per patient of $922,1. Based on types
of patient admission, intensive care treatment had the highest average cost with $2.916.5. In metastatic breast cancer patients, average annual treatment
cost per patient is $2.326,6, which is 2.8 times higher compared to non-metastatic breast cancer patients.

Conclusion: In order to ensure effective resource allocation at micro and macro level, healthcare administrators have to learn costs of diseases with high
incidence such as breast cancer. Results obtained from studies on disease costs calculated using the top down cost approach provide data on actual health
services use and therefore are seen as important tools for healthcare administrators in terms of effective resource allocation.

Keywords: Breast cancer, disease cost, treatment cost, top down cost approach
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Introduction

Increase in population and lifespan seen throughout the world during last years have resulted in a significant increase in new cancer
cases. According to prediction based on current data; approximately 26.4 million annual new cancer cases and 17 million deaths
caused by cancer is expected by the year 2030. In 2012, breast cancer was the most common type of cancer among women with more
than 25% diagnosis rate among all types of cancer. 1.3 million women are diagnosed with breast cancer and 465,000 women lose their
lives due to breast cancer annually. Breast cancer occurs due to many risk factors including early menstruation, late menopause, lactat-
ing, and obesity. Breast cancer incidence increases with age. Approximately 80% of breast cancer cases are women aged 50 and above.
Breast cancer cases which occur at younger ages have a rather aggressive progression, with a lower survival rate compared to older
patients. Similar to the global trend, the most prevalent type of cancer in women in Turkey is breast cancer which comprises 24.9%
percent of all cancer cases. In Turkey, breast cancer incidence is 43.0/100,000, with approximately 15,000 women being diagnosed
with breast cancer each year (1-5).

In parallel with increase in cancer cases, cancer spending has also significantly increased throughout the world. In majority of developed
countries, cancer causes significant increase in national healthcare spending. Drug treatments and hospital admissions comprises the
majority of such spending. In the USA, a large share of cancer-based spending is transferred to breast cancer treatment, also medical costs
increase as the disease progresses. A study using Medicaid (fee-for-service program) data in the USA found that annual treatment cost of
a patient with breast cancer diagnosis is around $16,345. In the USA, another study using Medicare data found that lifelong treatment
cost for patients diagnosed between the ages 65-69 was $37,306, whereas such cost for patients diagnosed over the age of 85 was $19,493.
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In another study conducted in the USA, Blumen et al. (12) found that
the total treatment cost for a patient 12 months after breast cancer di-
agnosis was approximately $60,000. In a study conducted in Vietnam,
Hoang Lan et al. (13) found that 5-year breast cancer treatment cost
for a patient was $975; breast cancer cases in Vietham were seen in
younger women compared to developed countries, and diseases were
usually diagnosed during second stage (6-11).

Disease costs studies based on the principle of measuring the financial
burden on the society caused by diseases are conducted for the pur-
pose of determining the financial burden of a medical condition which
has an impact on a certain society in terms of use of medical services
and loss of production. Information obtained through such studies are
used to determine the impact of diseases on the society, thereby assist-
ing policy makers and decision makers in projecting future healthcare
costs and making decisions regarding resource allocation. Top down
medical costs is a method used frequently in disease costs studies on
annual direct medical costs in which data on resource use related to the
disease are obtained via the national healthcare system (14-19).

Total healthcare spending in 2017 in Turkey has been calculated as
38,551 million $, total healthcare spending had a 4.5% share in Gross
Domestic Product (GDP). In Turkey, there are no studies on the share
of cancer treatments in total healthcare spending. Due to limited re-
sources allocated to healthcare, conducting studies on costs of diseases
such as breast cancer which have a significant disease burden on coun-
tries is crucial for many countries (20, 21).

In this study, our goal was to use the top down approach in order to
determine treatment costs of breast cancer in Turkey from Social Secu-
rity Institution’s (SSI) perspective.

Materials and Methods

Study design and study sample

In order to determine treatment costs of breast cancer patients from
SSI’s perspective using the top down cost approach, we have used the
MEDULA System, which has been created by SSI for the purpose
of compiling invoice information obtained from healthcare services
servers in electronic format and payment for services, in order to
obtain data on outpatients and inpatients with breast cancer diag-
nosis who have been treated in hospitals contracted by SSI between
January-December 2014. Based on data obtained from MEDULA,
we were able to gather information on age, sex, outpatient/inpatient
admission diagnosis, the procedure/operation/treatment for outpa-
tient/inpatient, laboratory and radiology tests conducted for out-
patient/inpatient, services provided to inpatients at intensive care,
drugs used in and prescribed by the hospital, comorbidity diseases,
and length of stay.

Evaluation of direct medical costs

Data obtained through MEDULA were used to obtain the informa-
tion below regarding outpatients and inpatients who have applied to a
hospital with breast cancer diagnosis in 2014:

e The procedure/operation/treatment at the polyclinic/clinic (along
with the ICD-10 code)
©  Laboratory and radiology tests for outpatients/inpatients
©  Services provided to inpatients at intensive care (length of
stay for intensive care, drugs used, treatments etc.)
*  Drugs used in and prescribed by the hospital for outpatients/in-
patients

Numanoglu Tekin and Saygili. Breast Cancer Treatment Cost

e Complications occurred during or after the treatment/procedure/
operation

e Comorbidities

e Length of stay

In Turkey, the principles of payments made by the SSI for all services
offered in health institutions are regulated by Health Application No-
tification (SUT). SUT is a legislative announcement which provides
guidance, guiding, pricing, and other implementation details of the
state’s health-related social policies.

Health Application Notification procedure scores of surgeries, labora-
tory and radiology examinations, clinical and intensive care administra-
tions used in calculating medical costs have been calculated using SUT
2014 APP 2B-List of Procedure Scores per Service and APP 2C-List of
Procedure Scores based on Diagnosis, with unit prices calculated from
SST’s perspective. The list of drugs used were determined using the RX
Media Program based on prices paid by the public in 2014 and de-
meaned to units used in the hospital for calculations. At the same time,
prices of drugs prescribed were determined by using the RX Media Pro-
gram based on prices paid by the public in 2014, which was multiplied
by the amount of drugs prescribed to determine the total drug costs.

Treatment costs of patients were displayed according to types of pa-
tient admission (Outpatient/Inpatient/Intensive Care) and costs of
prescribed drugs and medical equipment. At the same time, patients
with comorbidity were classified according to Charlson’s Comorbidity
Index (CCI) and medical costs of breast cancer were calculated based
on whether comorbidity is present. CCI has a score for each comor-
bidity and the scores of comorbidities in this study are as below:

e Diabetes Mellitus = 1 point

e Primary Hypertension = 1 point

*  Hypertensive Heart Disease =1 point

*  Chronic Ischemic Heart Disease = 1 point

e Chronic Obstructive Lung Disease = 1 point
e Asthma =1 point

In addition, metastatic diseases receive 6 points in this index. Based on
the classification made according to total scores of patients, the intensity
of comorbidities are mild for patients who scored 1-2, medium for pa-
tients who scored 3-4, and severe for patients who scored 5 and above;
breast cancer medical costs were calculated using this classification.

We were not able to calculate medical costs of breast cancer based on stages
due to the fact that the data did not include disease stages. We were able to
determine stage IV breast cancer patients in accordance with The Tumor-
Node-Metastasis (TNM) classification only; we have compared medical
costs of stage I-II-I1I patients and that of stage IV patients.

The data obtained from the SSI MEDULA system did not include
the first diagnosis dates of the patients. For this reason, it was not
determined which patient was newly diagnosed and which patient was
in the follow-up period. However, it is known that medical costs of
newly diagnosed/active treatment and follow-up patients differ signifi-
cantly. Expert opinions were consulted to determine newly diagnosed/
active treatment patients and follow-up patients. According to expert
opinions, patients who underwent breast cancer surgery in 2014 were
identified as newly diagnosed patients and metastatic patients which
determined according to TNM classification were accepted as active
treatment patients. Breast cancer treatment costs were also determined
based on data of these patients.
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Statistical Analysis
Data from the MEDULA system were obtained in accordance with
the International Classification of Diseases 10th Revision (ICD-10)

code of the C50 — Breast Malign Neoplasm in excel file format 7 sepa-

Table 1. Summary Statistics for Breast Cancer
Patients, 2014, Turkey

n %
Age groups 126,664
18-39 10.994 8.7
40-64 85.554 67.5
65+ 30.116 23.8
Sex
Male 2.432 1.9
Female 124.232 98.1
car
Charlson score of zero 70.510 55.7
Charlson score of 1-2 45.790 36.2
Charlson score of 3-4 5.841 4.6
Charlson score of 5+ 4.523 3.6
Comorbidities
Yes 56.154 44.3
Primary Hypertension 45.8
Diabetes 223
Chronic Ischemic Heart Disease 13.2
Astyma 12.3
COPD? 5.6
Hypertensive Heart Disease 0.8
Metastasis
Yes 7.678 6.1
Malignant Neoplasm of Lung 52.4
Malignant Neoplasm of Brain 20.4
Malignant Neoplasm of Liver 16.0
Malignant Neoplasm of Bone 11.2

"Charlson Comorbidity Index
2Chronic Obstructive Pulmonary Disease

rate folder. Data files were extracted into separate Microsoft Access
(MS Access) (Microsoft; USA) files to create a database, modifications
necessary for analysis were made by using MS Access and Microsoft
Structured Query Language (MS SQL) (Microsoft; USA) program
later on, after which data were transferred to Statistical Packages for
the Social Sciences 18.0 (IBM Corp.; Armonk, NY, USA). Following
such modifications, patient numbers from all files were matched with
126,664 patient data from the initial diagnosis file in order to extract
data.

In the first stage, total cost of breast cancer treatment, average treat-
ment cost per patient with standard deviation (SD) and the percentage
of total treatment cost according to the type of patient admissions and
prescribed drugs and medical equipment were displayed. In the fur-
ther stage, parametric tests were applied to determine the relationship
between cost of breast cancer treatment and independent variables
(patient with and without comorbidity, metastatic/non-metastatic
patient, patients’ CCI score, patients with 1 or more than one me-
tastasis, newly diagnosed and follow-up patients). Because the sample
size was 126,664, distribution of the cost of treatment was assumed
to be normal and parametric tests were applied. Independent Samples
T-Test was analyzed for variables composed of two groups, One-Way
ANOVA was applied for variables composed of more than two groups.

‘This article does not contain any studies with human participants or
animals performed by any of the authors. Therefore, ethical approval
and informed consent were not required.

Results

Among 126,664 patients included in the study, 98.1% were women
and 1.9% were men, 67.5% were between the ages of 40-64, and the
average age was 55.7 years (SD: 12.3). 44.3% of breast cancer pa-
tients had a comorbidity. Among patients with comorbidities, 45.8%
had primary hypertension, 22.3% had diabetes, 13.2% had chronic
ischemic heart disease, 5.6% had chronic obstructive lung disease
(COPD), 12.3% had asthma, and 13.2% had hypertensive heart dis-
ease. Metastasis was detected in 6.1% of patients. Among patients who
have metastasis, 52.4% had malignant neoplasm of lung, 20.4% had
malignant neoplasm of brain, 16.0% had malignant neoplasm of liver,
and 11.2% had malignant neoplasm of bone (Table 1). %85.9 of pa-
tients were outpatients, whereas 12.8% were inpatients and 1.3% were
admitted to intensive care (Figure 1).

Total medical costs of 126,664 patients with breast cancer diag-
nosis who have received services from hospital contracted with SSI
throughout Turkey between January-December 2014 was calculated
as $116,792,107.9, with an average treatment cost per patient of
$922,1. Total medical cost of outpatients was $73,534,475.5, total

Table 2. Distribution of Breast Cancer Treatment Cost by Patient Hospital Admission, 2014, Turkey

n Total ($) Mean ($) SD %
Outpatient 124.308 73,534,475.5 591.6 1.560.3 63.0
Inpatient 18.479 23,159,274.9 1.253.3 2.243.6 19.8
Intensive care 1.815 5,293,348.4 2.916.5 3.874.8 4.5
Drugs and medical equipments 71.333 14,805,009.2 207.5 360.1 12.7
Total Cost 126,664 116,792,107.9 922.1 2.226.8 100.0
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Figure 1. Distribution of Patients Hospital Admission Types, 2014,
Turkey
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medical cost of inpatients was $23,159,274.9, total cost of patients
admitted into intensive care was 5,293,348.4, and total cost of drugs
and medical equipment $14,805,009.2. 63.0% of total medical costs
of breast cancer for 1 year were due to outpatients, whereas this ratio
was 19.8% for inpatients, 12.7% for drugs and medical equipment
and 4.5% for intensive care treatment (Table 2).

Average medical cost per breast cancer patient with comorbidity was
found to be higher compared to average medical cost per patient with-
out comorbidity (p<0.05). Average medical cost was 968.8$ for breast
cancer patients with comorbidity. Also, it was found that medical
costs of metastatic patients were higher compared to non-metastatic
patients (p<0.05). Average medical cost was found to be 2,326.6$
for metastatic breast cancer patients, whereas average medical cost was
found to be 831.4$ for non-metastatic breast cancer patients. Among
metastatic breast cancer patients, it was found that medical costs, par-
ticularly that of inpatients and outpatients, were significantly high
compared to non-metastatic patients (Table 3).

According to the classification made based on CCI, average medical
cost per breast cancer patient was significantly high in terms of severe

Table 3. Distribution of Breast Cancer Treatment Cost by Presence of Comorbidity and Metastasis, 2014,

Turkey
Yes No

Total ($) Mean($) SD Total ($) Mean($) SD p value
Comorbidity
Outpatient 33,411,643.1 608.0 1.546.5 40,122,832.4 578.5 1.548.7 p<0.05
Inpatient 11,046,563.8 1.238.3 951.8 12,112,711.1 1.267.3 974.2
Intensive care 3,179,728.6 2.917.2 669.3 2,113,619.9 2.915.4 495.0
Drugs and medical equipments 6,763,838.2 208.9 311.1 8,041,170.9 206.4 274.6
Total Cost 54,401,773.6 968.8 1.396.8 62,390,334.3 884.9 1.132.8
Metastasis
Outpatient 9,300,064.5 1.254.9 2,246.2 64,234,411.0 549.5 1.482.3 p<0.05
Inpatient 4,361,820.2 1.860.9 3,726.9 18,797,454.7 1.165.0 1.866.5
Intensive care 1,810,492.2 3.063.4 7,243.7 3,482,856.2 2.845.5 5.461.7
Drugs and medical equipments 2,391,178.7 351.0 523.1 12,413,830.6 192.4 264.8
Total Cost 17,863,555.5 2.326.6 3.798.8 98,928,552.4 831.4 2.010.7
Table 4. Distribution of Breast Cancer Treatment Cost According to Charlson’s Comorbidity Index
Classification, 2014, Turkey

Mild Moderate Severe

Total (§) Mean ($) SD Total (§) Mean ($) SD Total(§) Mean($) SD P

Outpatient 25,316,412.6  563.3 1.453.2 3,082,548.5 543.0 1.387.7 5,012,682.0 1.156.6 2.084.9 p<0.05
Inpatient 7,499,605.3 1.148.8 3.4323 1,169,710.8 1.162.7 3.542.9 2,377,247.7 1.713.9 5.073.9
Intensive care 1,618,631.0 2911.2 43126 396,675.3 2.333.4 5.4189 1,164,422.2 3.198.9 6.890.5
Drugs and medical
equipments 4,885,674.6 229.3 398.7 554,424.1 202.1 7923 1,323,739.5 455.0 891.9
Total Cost 39,320,323.5 858.7 2.012.8 5,203,358.7 890.8 2.705.8 9,878,091.3 2.184.0 3.963.4
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comorbidity classification (p<0.05). Average medical cost per patient
was calculated as $2,184.0 for breast cancer patients with severe co-
morbidity, of which 51.0% was due to outpatients. It was found that
average medical cost per patient for breast cancer patients with comor-

bidities at mild or moderate level were similar (Table 4).

Average medical cost per patient was calculated for metastatic breast
cancer patients based on whether they had one or more than one me-
tastasis and it was found that average medical cost per patient was
$3,251.4 for patients with more than one metastasis, which was higher

compared to those with one metastasis (p<0.05) (Table 5).

In terms of average medical cost per breast cancer patients for patients
who are newly diagnosed/active treatment and follow-up (remission),
average medical cost per patient was $5,112.6 for newly diagnosed/ac-
tive treatment patients. This average cost was approximately 14 times
higher than the average medical costs of follow-up patients (p<0.05)
(Table 6).

Discussion and Conclusion

The goal of this study was to determine annual direct medical cost of
patients with previous or new breast cancer diagnosis who have re-
ceived inpatient or outpatient care between January-December 2014
in a hospital in Turkey contracted by SSI. Interpretations were made
by taking into consideration that the number of studies conducted
on the issue in Turkey and throughout the world are few and medical
costs predictions from various countries are heterogeneous in terms
of demographics, culture, healthcare system structure, and current re-

sources.

According to data obtained, total medical costs of 126,664 patients
with breast cancer diagnosis was calculated as $116,792,107.9, with an
average treatment cost per patient of $922.1. %85.9 of patients were
outpatients, whereas 12.8% were inpatients and 1.3% were admitted
to intensive care. Total medical cost of outpatients was $73,534,475.5,
total medical cost of inpatients was $23,159,274.9, total cost of pa-
tients admitted into intensive care was $5,293,348.4, and total cost
of drugs and medical equipment were $14,805,009.2. 63.0 % of total
annual medical cost of breast cancer is due to outpatients. A majority
of treatment services provided to breast cancer patients such as radio-
therapy, adjuvant and non-adjuvant chemotherapy, and certain hor-
mone treatments do not require in-patient admission (2). Therefore,
outpatient medical costs are expected to have a higher share in total
cost. Indeed, Allaire et al. (3) and Bonastre et al. (22) have similarly
found that a majority of breast cancer medical costs is due to outpa-
tient treatments and the cost of outpatient treatment is significantly
higher compared to that of inpatient treatment. In another study,
Ekwueme et al. (23) studied medical costs of breast cancer treatment
for women between ages 19-44 who are subscribed to Medicaid at
national level in the USA and calculated monthly average medical cost
per patient to be $5.711. In the same study, monthly average medi-
cal cost of outpatient patients with cancer diagnosis was found to be
$4.058, whereas monthly average medical cost of inpatient patients
with cancer diagnosis was $1.003 and average cost of prescribed drugs
was $539. In contrast, a study by Lindgren et al (24) conducted
in Sweden in order to calculate breast cancer costs found that cost
of inpatients are higher than that of outpatients. Again, a study by
Ivanauskiené et al. (25) found that average cost of inpatients newly
diagnosed with breast cancer was 1655€ in 2011, whereas the average
cost for outpatients was 564€.

Table 5. Distribution of Metastatic Breast Cancer Treatment Cost According to 1 or More Metastasis, 2014,

Turkey
1 Metastasis

Total($) Mean($)
Outpatient 7,991,349.4 1.221.0
Inpatient 3,435,734.1 1.742.3
Intensive care 1,521,515.8 3.286.2
Drugs and medical equipments 1,991,926.6 457.0
Total Cost 14,940,526.0 2.203.9

>1 Metastasis

SD Total($) Mean($) SD p
2.176.3 1,308,715.2 1.511.2 2.567.8 p<0.05
3.761.9 926,086.1 2.489.5 5.807.6
9.872.9 288,976.4 2.257.6 8.862.9

921.4 399,251.9 612.2 983.7
3.879.0 2,923,029.5 3.251.4 5.613.3

Table 6. Distribution of Metastatic Breast Cancer Treatment Cost According to Newly Diagnosed/Active

Treatment or Follow-Up Patients, 2014, Turkey

Follow-Up Patients

Newly Diagnosed/
Active Treatment Patients
Total($) Mean($)
Outpatient 44,929,024.1 3.225.4
Inpatient 20,299,880.9 1.924.5
Intensive care 5,177,849.8 3.447.3
Drugs and medical equipments 5,607,260.3 476.6
Total cost 76,014,015.2 5.112.6

SD Total($) Mean($) SD P
3.772.9 28,605,451.3 259.2 374.4 p<0.05
3.122.8 2,859,394.1 360.5 1.231.8
8.712.9 115,498.6 369.0 1.457.8

599.9 9,197,748.8 175.0 468.9
5.022.7 40,778,092.7 364.8 712.6



In chis study, it was determined that cost of breast cancer treatment
has statistically significant difference according to all independent
variables used in the study (patient with and without comorbidity,
metastatic/non-metastatic patient, patients’ CCI score, patients with
1 or more than one metastasis, newly diagnosed and follow-up pa-
tients).

44.3% of breast cancer patients had a comorbidity. Average medical
cost was $968.8 for breast cancer patients with comorbidities. Accord-
ing to the classification made based on Charlson’s Comorbidity Index,
average medical cost per breast cancer patient was significantly high in
terms of severe comorbidity classification with $2,184.0. According
to Radice and Redaelli (2003), medical costs during initial diagnosis
phase of breast cancer was higher for patients with comorbidities com-
pared to patients with no comorbidity and follow-up costs for breast
cancer patients was particularly higher for patients with comorbidity.
In another study conducted in Germany, Gruber et al. (27) found that
90% of all medical costs of breast cancer patients between ages 30-45
was due to breast cancer treatment, whereas only 50% of all medical
costs of breast cancer patients between ages 80-90 was due to breast
cancer treatment, which was explained as a result of increase in sever-
ity of comorbidities with age and consequent increase in medical costs

(26).

In our study, we determined that 6.1% of breast cancer cases develop
metastasis. In study, average medical cost for metastatic breast cancer
patients was 2.8 higher compared to average medical cost for non-
metastatic breast cancer patients. This conclusion is in parallel with
conclusion of studies from the literature. In a study based on Medi-
care costs, Rao et al. (28) calculated the average medical cost for a
metastatic breast cancer patient as $35,164. In a study conducted in
Lithuania, Ivanauskiené et al. (25) found the average medical cost for
patients with newly diagnosed breast cancer was 2580€, whereas the
average medical cost for patients with newly diagnosed “metastatic”
breast cancer was 3687€. In the same study, the average medical cost
was 2409¢€ for stage I breast cancer patients and 3688€ for stage IV pa-
tients. In another study, Blumen et al. (12) found that average medical
cost for stage IV breast cancer patients was significantly high compared
to that of stage I, I1, or III patients. Similarly, in a study on the costs of
different types of cancer in England, Laudicella et al. (29) found that,
in terms of colorectal and breast cancers, the medical costs of patients
at later stages (stage I1I-1V) were higher compared to the medical costs
of stage I-1I patients.

Average medical cost per patient for 1 year for newly diagnosed
breast cancer patients was found to be quite high at $5,112.6.
These high costs can be attributed to the fact that this 1-year pe-
riod is a process during which initial treatment such as surgical,
chemotherapy and radiotherapy are administered and diagnosis
studies of doctors are carried out. For example, in a study con-
ducted in 2013 on medical cost of breast cancer in Vietnam, Ho-
ang Lan et al. (13) found that initial medical costs, for example
chemotherapy costs, have a large share (64.9%) in total cost. In a
study conducted in Belgium, it was found that the average medical
cost for female breast cancer patients was 10.071€ for the initial
diagnosis year, which was down to 3.245€ for the second year.
Similarly, Blumen et al. (12) studied breast cancer medical costs
for the initial year and the following second year and found that
the initial year’ average cost of $47.452 went down to $5.636 for
the second year (30).

Numanoglu Tekin and Saygili. Breast Cancer Treatment Cost

Early diagnosis in breast cancer lowers medical costs whereas medical
costs increase as the disease progresses, which was shown in this study
using average medical costs of metastatic and non-metastatic breast
cancer patients. Lack of palliative care centers, which can be seen
throughout the world and are slowly being integrated into Turkey’s
healthcare system, can be considered as one of the main reasons. In
Turkey, metastatic patients receive medical treatment towards pain re-
lief at hospital services and intensive care rather than palliative care
centers. Many studies from the literature point out to the fact that pal-
liative care center are more cost-effective compared to hospital services

and intensive care.

In addition, late-stage care in Turkey is usually administered at home.
As a result, patients return to the hospital in case of a severe com-
plication, which lowers life quality of patients and increases medical
care costs. Considering the increase in prevalence of cancer in Turkey,
increasing the number of palliative care centers to a required amount
and preventing unnecessary treatments and procedures by administer-
ing proper care would both improve quality of life of patients at last
stage while ensure more effective use of resources in terms of healthcare
spending.

Optimizing and establishing cancer care, establishing and maintaining
accompanying health policies is a difficult and complex issue. Health-
care administrators need such cost studies, which are used as evidence-
based data in order to eliminate inequalities in terms of treatment and
care of cancer patients and allocate resources effectively. We hope that
this study, which is on breast cancer with high incidence and costs,
serves as a solid evidence for healthcare administrators and political

decision makers.
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ABSTRACT

Objective: Axillary lymph node status is an important prognostic factor in breast cancer (BC). Residual nodal disease burden after neoadjuvant
chemotherapy (NAC) is one of the important prognostic factors to determine the prognosis and in the treatment of BC. Lymph node ratio (LNR)
defined as the ratio of the number of positive lymph nodes to total excised axillary lymph nodes, may be a stronger determinant of prognosis than
pN in axillary nodal staging, although there is very limited data evaluating its prognostic value in the setting of NAC. In this cohort of patients, we
studied the utility of LNR in predicting recurrence and overall survival (OS) after NAC.

Materials and Methods: An Institutional cancer registry was queried from 2009 to 2014 for women with axillary node-positive BC with no
evidence of distant metastasis, and who received NAC followed by surgery for loco-regional treatment (axillary dissection with breast conserving
surgery or total mastectomy). Patients with axillary complete response were excluded. Locoregional recurrence (LRR), distant recurrence (DR) and
overall survival (OS) rates were reviewed regarding pN and LNR.

Results: A total of 179 patients were analyzed. Median follow up time was 24 [25%, 75%: 13-42] months. Patients with pN1 in comparison to
pN2 and pN3 had lower rate of LRR (9% vs. 15% and 14%, respectively; p=0.41), lower rate of DR (14% vs. 25% and 27%, respectively, p=0.16)
and increased rate of OS (89% vs. 79% and 78%, respectively, p=0.04). In comparison to patients with LNR >20%, patients with LNR <20% had
lower LRR (9% vs. 14%, p=0.25), lower DR (13% vs. 27%, p=0.01) and improved OS (89% vs. 79%, p=0.02) rates. In the pN1 group, patients
who had a LNR >20% had higher DR (22% vs. 14%, p=0.48) rates in comparison to patients with LNR <20%. In ER/PR (+) patients who had
LNR <20% DR was 6% compared with 23% in patient who had LNR >20% (p=0.02), and in triple negative patients’ OS rate was significantly
better compared the LNR less/equal or more than 20% (71% vs 33%, p=0.001).

Conclusion: Our study demonstrated that LNR adds valuable information for the prognosis after NAC and this additional information should
be considered when deciding further treatment and follow-up for patients who had residual tumor burden on the axilla. This observation should be
tested in a larger study.

Keywords: Breast cancer, lymph node, neoadjuvant chemotherapy, prognosis

Cite this articles as: Soran A, Ozmen T, Salamat A, Soybir G, Johnson R. Lymph Node Ratio (LNR): Predicting Prognosis after Neoadjuvant Che-
motherapy (NAC) in Breast Cancer Patients. Eur J Breast Health 2019; 15(4): 249-255.

Introduction

Axillary lymph node status is one of the most important prognostic factors in patients with breast cancer (BC) (1-3). Advanced nodal
disease is associated with increased locoregional recurrence (LRR) and poor overall survival (OS) (1, 4-6). The total count of involved
lymph nodes has been the determinant of nodal staging (pN) in the current AJCC staging system (6, 7). However, excluding the total
number of removed lymph nodes could possibly under stage the axilla, leading to inadequate treatment and an overall improper predic-
tion of prognosis (3, 8). Lymph node ratio (LNR) of total number of positive nodes to the total number of removed lymph nodes has
been introduced as an alternative prognostic factor by some studies (3, 9-12): authors have argued that LNR predicts OS and LRR more
accurately than pN staging.

Neoadjuvant Chemotherapy (NAC) is a standard treatment modality in locally advanced BC, and is being increasingly used for triple negative
and Her 2 neu (+) patients in early stage breast cancer (13-15). Residual nodal cancer burden after neoadjuvant chemotherapy (NAC) is one
of the important prognostic factors for determining the prognosis (16). It is well known that NAC is as effective in downstaging the axilla
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as treating the primary tumor (13, 17, 18). On the other hand, it has
been reported that the total count of lymph nodes excised during axil-
lary dissection is decreased in most cases following NAC as compared
to patient with no NAC (13, 17, 18). As a result, traditional pN stag-
ing may underestimate true residual nodal disease in patients who have
completed NAC. Alternatively, LNR may be a stronger determinant in
axillary nodal staging and has only been evaluated by a few studies in the
NAC setting (19). The aim of this study was to evaluate the importance
of LNR in predicting LRR, distant recurrence (DR) and OS after NAC.

Materials and Methods

After obtaining Institutional Review Board approval, our institutional
breast cancer registry was queried from 2009 to 2014 for women with
a node positive axilla and no evidence of distant metastasis, who se-
quentially received NAC and local treatment (segmental or total mas-
tectomy with axillary lymph node dissection [ALND]). Patients with a
complete pathologic response in the axilla to NAC were excluded from
the study. Also, patients who were lost to follow up, or died because of
a non-breast cancer related reason, were excluded from the study. Elec-
tronic medical records were reviewed for age and menopausal status at
time of diagnosis, histology, histological grade, TNM staging, type of
surgery, total count of excised lymph nodes, adjuvant therapies, date of
last follow up visit, local/distant recurrence and death.

Hematoxylin and eosin staining or immunohistochemical (IHC)
staining were used, and microscopic or macroscopic diseases were
accepted to be positive for nodal involvement. LNR was calculated
by dividing the number of positive lymph nodes to total number of
lymph nodes excised then multiplied by 100. In prior studies LNR was
categorized as 1-20%, 21-60% and >61% (20). We categorized into
two groups: patients with LNR £20% and patients with LNR >20%
based on literature and considering LNR <20% is less tumor burden.
LRR, DR and OS rates were assessed regarding pN and LNR.

Student’s t-test was used for continuous variables, and chi-square
test was used for categorical variables. Linear regression test was used
for multivariate analysis. Overall survival (OS) was compared using
Kaplan-Meier log-rank tests. Univariate and multivariate Cox models
were used to estimate hazard ratios. Statistical package for social sci-
ences (SPSS) software (version 20.0) was used for analysis. P values of
less than 0.05 were considered as statistically significant.

Results

A total of 179 BC patients who underwent ALND after NAC were
included in the study. Median follow up time was 24 [25%, 75%:
13-42] months. The mean age of the cohort was 53.7+11.7 years
with 65% (n=116) of the cohort being 50 years of age or older. 58%
(n=103) of the patients were postmenopausal (Table 1).

At initial presentation, 47% (n=65) of the patients had a clinical stage 3
disease and 63% (n=110) underwent segmental mastectomy. Adjuvant
radiation treatment was given to 75% (n=130) of the cohort (85%
WBRT, 15% PMRT), (Table 1). The majority had a tumor histology
of invasive ductal carcinoma (90%, n=160), while 7% (n=12) had in-
vasive lobular carcinoma. ER /PR+ and Her2/neu (), triple positive,
Her2/neu + and triple negative tumors comprised 53% (n=94), 16%
(n=29), 16% (n=9), and 22% (n=39), respectively.

The mean count of lymph nodes excised during ALND was 17.1
+5.4 [10-39]. Rates of pN1, pN2 and pN3 diseases were 59% (n=

105), 29% (n=52) and 12% (n=22), respectively. Fifty-seven percent
(n=102) of the cohort has a LNR <20%. Lymphovascular invasion was
seen in 45% (n=79) of the patients, and 44% (n=78) of the patients
with axillary metastases had extracapsular invasion in the metastasized

lymph node (Table 1).

Twenty patients (11%) had a LRR in the cohort. Patients with LNR
<20% had lower LRR rate compared with LNR >20% (9% vs. 14%,
p=0.25) (Table 2). Patients with pN1 disease had lower LRR rate
(9%) in comparison to pN2 and pN3 disease (15% and 14%, respec-
tively, p=0.41). Among patients with pN1 disease, patients with LNR
<20% had lower LRR rate compared with LNR >20% (8% vs. 11%,

Table 1. Descriptive characteristics of the patient
group (n=179)

Age (y) 53.7411.7
Median [%25, 75%] 54 [46.61]
Follow up (months) (median (25%, 75%) 24 [13.42]
Postmenopausal patients 103 (58)
Stage 1 13 (9)
2 61 (44)
3 65 (47)
Mastectomy Segmental 110 (63)
Total 65 (37)
Lymph nodes examined 17.3£5.5
Median [%25, 75%] 16 [13-20]
Adjuvant radiotherapy 130 (75)
Tumor histology Ductal 160 (90)
Lobular 12 (7)
Other 6 (3)
Tumor grade 1 100 (62)
2 59 (37)
3 2(1)
Hormonal receptor status ER and/or PR (+),
Her-2 (-) 94 (53)
Triple positive 29 (16)
HER 2 type 16 (9)
Triple negative 39 (22)
pN stage 1 105 (59)
2 52 (29)
3 22 (12)
Lymph node ratio (%) <20 102 (57)
>20 77 (43)
Lymphovascular invasion (%) 79 (45)
Extracapsular invasion in the lymph node (%) 78 (44)

Categorical data were presented as n (%)
Continuous data were presented as (mean +SD [range]) unless stated
otherwise



Table 2. Comparison of pN staging and LNR with LRR

Locoregional Recurrence

Lymph node ratio <20%
>20%
pN 1
2
3
pN1 <20%
>20%
Lymph node ratio <20% pN1
pN2
PN3
ER/PR (-), £20% 20 (83)
Her 2 (-) >20%
ER/PR (-), <20%
Her 2 (+) >20%
ER/PR (+), <20%
Her 2 (-) >20%
ER/PR (+), <20%
Her 2 (+) >20%

Categorical data were presented as n (%)

Soran et al. Lymph Node Ratio (LNR)

No (%) Yes (%) P
93 (91) 9 (9) 0.25
66 (86) 11 (14)
96 (91) 9 (9) 0.41
44 (85) 8 (15)
19 (86) 3(14)
88 (92) 8 (8) 0.78
8 (89) 1(11)
88 (92) 8 (8) 0.49
5 (80) 1(20)

0 (0) 0(0)

4(17) 0.23
10 (67) 5(33)
11(92) 1(8) 0.38
3 (75) 1(25)
45 (96) 2 (4) 0.40
43 (91) 4(9)
17 (89) 2(11) 0.97
9 (90) 1(10)

Continuous data were presented as (mean +SD [range]) unless stated otherwise
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Figure 1. KM survival curve based on LNR

p=0.78). Among patients with LNR <20%, patients with pN1 disease
had lower LRR rate (8%) in comparison to patients with pN2 disease
(20%) (p=0.49).

We then evaluated the data for distant recurrence; 34 patients (19%)
had a DR in entire cohort. Patients with a pN1 disease had a lower
DR rate (14%) in comparison to patients with pN2 and pN3 dis-
eases (25% and 27%, respectively, p=0.16) as projected. After we
combined the pN2 and pN3 patients and compared it to the pN1
patients the p value for DR approached significance (p=0.056). In

our study, LNR >20% increased DR rate by 2.57-fold (27% vs.
13%, p=0.01, OR 2.57 [1.19-5.54]). Among patients with pN1 dis-
ease, patients with LNR <20% had lower DR rate compared with
LNR >20% (14% vs. 22%, p=0.48). Patients with pN2 disease and
LNR <20% had a DR rate of 0% while it is 25% (n=13) in all pN2
patient without considering the LNR; all pN2 patients with DR had
LNR>20% (Table 3). In ER/PR (+) and Her 2/neu (-) patients who
had LNR <20% DR was 6% compared with 23% in patient who
had LNR >20% (p=0.02).

Overall survival rate was 85% in our cohort and 27 patients (15%) died
because of BC during follow up. OS rate was higher among patients
with LNR <20% compared with LNR >20% (89% vs. 79%, p=0.02)
(Table 4). Hazard of death was significantly higher in the LNR >20%
compared with LNR <20% with a HR of 2.41 (95%CI: 1.11-5.20;
p=0.03) (Figure 1). OS rate was higher among pN1 patients (89%) in
comparison to pN2 (79%) and pN3 patients (78%) (p=0.04). After
we combined the pN2 and pN3 and compared with pN1 for OS p
value was statistically significant; mortality rate was 10.4% in the pN1
group vs 21.6%, in the pN2/3 patients; p=0.04). Among patients with
pN1 disease, OS rate was similar between patients with LNR <20%
and LNR >20% (90% vs. 89%, respectively, p=0.89). In triple nega-
tive patients, OS rate was significantly better among patients with a
LNR <20% compared with LNR > 20% (71% vs 33%, p=0.001).
Crude and adjusted for age, ER, PR and Her2/neu status multivariate
Cox regression analysis showed that hazard of death was significantly
high in >20% LNR and pN2-3 patients (Table 5).
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Table 3. Comparison of pN staging and LNR with DR

Distant Recurrence (DR)

Lymph node ratio <20%
>20%
pN 1
2
3
pN1 <20%
>20%
Lymph node ratio <20% pN1
pN2
PN3
Lymph node ratio >20% pN1
pN2
PN3
ER/PR (-), <20%
Her 2 (-) >20%
ER/PR (-), <20%
Her 2 (+) >20%
ER/PR (+), <20%
Her 2 (-) >20%
ER/PR (+), <20%
Her 2 (+) >20%

Categorical data were presented as n (%)

No (%) Yes (%) p
89 (87) 13 (13) 0.01
56 (73) 21 (27)
90 (86) 15 (14) 0.16
39 (75) 13 (25)
16 (73) 6 (27)
83 (86) 13 (14) 0.48
7(78) 2(22)
83 (86) 13 (14) 0.33
6 (100) 0 (0)
0 (0) 0(0)
7(78) 2 (22) 0.93
33(72) 13 (28)
16 (73) 6 (27)
16 (67) 8(33) 0.41
8 (53) 7 (47)
12 (100) 0 (0) 0.07
3(75) 1(25)
44 (94) 3 (6) 0.02
36 (77) 11 (23)
17 (89) 2(11) 0.48
8 (80) 2 (20)

Continuous data were presented as (mean +SD [range]) unless stated otherwise

Discussion and Conclusion

It is well documented that axillary lymph node metastasis and the ex-
tent of axillary disease is one of the most important prognostic fac-
tors in the care of the BC patient (3). The number of lymph nodes
obtained during ALND can however be affected by several factors.
These may include inadequate surgical experience, increased patient
age, patient’s co-morbidities and improper handling of the specimen.
The latter can therefore lead to under-staging of the disease, improper
prediction of prognosis and inadequate treatment (4, 8, 9). LNR has
been suggested as an alternative or complementary method to AJCC
staging (1, 11-14, 21-25). It aims to improve the prognostication of
BC by reducing the effect of heterogeneity of axillary procedures on
staging the axilla. Recently, there has been increasing evidence demon-
strating the superiority of LNR to traditional pN staging as an indica-
tor of axillary tumor burden. In addition, a ratio based staging system,
which confers additional information on the total number of lymph
nodes dissected, can be a powerful predictor of prognosis in patients
with axillary disease (25-30). In our study DR rate was significantly
higher in patient who had LNR>%20 compared with LNR <20%, but
pN was not a discriminator for DR. On the other hand, patients who
had ER/PR + and Her2/neu (-) phenotype tumor DR was almost 4
times higher when LNR was greater than 20%.

Vinh-Hugh et al. (25) and Kuru et al. (27) have emphasized the im-
provement in survival as the numbers of total lymph nodes and nega-
tive lymph nodes increased and reported the LNR as a significant in-
dependent predictor for survival in patients with axillary involvement.
In our study, LNR and pN were both good discriminators to predict
the OS rate, but LNR was a better predictor for DR than pN. Patients
with a diagnosis of triple negative phenotype and LNR >20% had
more than 2 times risk of death compared with the same phenotype

with LNR <20% (p=0.001).

Studies have shown that quantity of lymph nodes retrieved during
ALND in patients who have received NAC is significantly lower than
the patient, who did not receive NAC (6-9). This can lead to under-
staging the disease and predicting the prognosis incorrectly. Although
LNR has been repeatedly studied in patients undergoing upfront
surgery, very few studies examined its efficacy in NAC setting (10,
19, 31). Tsai et al. (19) studied on 165 node positive patients and
found that lymph node categories were inversely associated with dis-
ease free survival. They picked a LNR single value of 15% and found
that LNR<15% was significantly associated with disease free survival
in ER/PR+ (p=0.04) and triple negative patients (p=0.001). In an-
other study Kim et al. (10) studied LNR in patents with 1-3 positive
LNS and found in the multivariate analysis that >18% of LNR had
HR=1.81 (95%CI, 1.34-2.45, p=0.0001), and the estimated survival



Table 4. Survival rate regarding pN staging and LNR

Soran et al. Lymph Node Ratio (LNR)

Alive (%) Dead (%) LogRank P
Lymph node ratio <20% 91 (89) 11 (11) 0.02
>20% 61 (79) 16 (21)
pN 1 94 (89) 11(11) 0.04
2 41 (79) 11 (21)
3 17 (77) 5(23)
pN1 <20% 86 (90) 10 (10) 0.89
>20% 8(89) 1(11)
Lymph node ratio <20% pN1 86 (90) 10 (10) 0.84
pN2 5(83) 1(17)
PN3 0(0) 0(0)
ER/PR (), <20% 17 (71) 7(29) 0.001
Her 2 (-) >20% 5(33) 10 (67)
ER/PR (-), <20% 12 (100) 0 (0) 0.01
Her 2 (+) >20% 3(75) 1(25)
ER/PR (+), <20% 44 (94) 3(6) 0.48
Her 2 (-) >20% 43 (91) 4(9)
ER/PR (+), <20% 18 (95) 1(5) 0.73
Her 2 (+) >20% 9 (90) 1(10)
Categorical data were presented as n (%)
Continuous data were presented as (mean +SD [range]) unless stated otherwise
Table 5. Crude and adjusted Cox models for overall survival
Univariate Multivariate®
HR (95%Cl) HR (95%Cl) p
Lymph node ratio
<20% Reference Reference
>20 2.41 (1.12-5.20) 0.02 4.22 (1.85-9.63) 0.0006
pN
pN1 Reference Reference
pN2 2.53 (1.09-5.85) 0.03 4.07 (1.68-9.84) 0.002
pN3 2.85 (1.00-8.21 0.05 5.89 (1.84-18.88) 0.003

2Adjusted for Age
Estrogen receptor, progesterone receptor, and Her2 status

was 76.7% in the LNR<18% and it was 61.4% in the LNR>18%. In
addition to the overall survival they found that postmastectomy radia-
tion therapy increased the estimated survival rate at 10 years around
30% in the group that had LNR>18% compared with low LNR.

The number of required LNs for ALND is also controversial and there
is a potential possibility of down staging the axilla by examining low
number of LNs (10, 21, 28, 32). While the AJCC recommends re-
moving and examining a minimum of 6 LNs, Fisher et al. (33) has

demonstrated that nodal involvement can most reliably be evaluated

if at least 10 LNs are evaluated. The predictability of the prognoses by
LNR and pN has also been shown to depend on evaluation of at least
10 or more LN (34). In this study, we utilized the previously validated
cutoffs (£20%; 20-65%; 265%) for LNR categories, however we sim-
plified the cutoffs to <20% vs >20%. These were tested via bootstrap
resampling of a population-based cohort of women with lymph-node
positive BC (8).

pN staging classification tends to accept all axillary dissections as

homogenous. It is therefore, important to keep in mind that when

253



254

Eur J Breast Health 2019; 15(4): 249-255

heterogeneity in the number of excised and examined lymph nodes
is encountered (i.e. patients, who received NAC), LNR-based classifi-
cation as defined by <20% vs >20% can give additional information
in predicting prognoses of the disease and this knowledge should be
considered when deciding further treatment and follow-up patients
who had residual tumor burden on the axilla.

This study has a limited number of NAC patients, but the accumula-
tion of data from large prospective studies with longer follow up peri-
ods, will solidify the LNR-based classification system.

In conclusion residual nodal tumor burden after NAC is a sign of poor
prognosis, however, how much residual tumor is left is important to
predict the prognosis and it also affects the decision of the further
treatment. Notwithstanding, LNR-based classification is not widely
used it is a useful additional tool that can be implemented in the clinic
practice to better predicting prognosis and planning the further treat-
ment after NAC inpatient with BC.
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ABSTRACT

Objective: The clinical feature of breast cancer is very heterogeneous because of the variable prognostic factors impact its behaviour. The aim of
study is to find the prognostic importance of Ki-67 and to analyse the correlation between Ki-67 index and the other conventional prognostic factors
in breast cancer patients.

Materials and Methods: Between 2010 and 2017, patients with invasive ductal carcinoma who received radiotherapy after surgery were in-
cluded in study. A single pathologist re-defined of all cases retrospectively. Ki-67 were established three categories based on Ki-67 levels: low (<10%),
intermediate (10-25%) and high (>25%).

Results: A total of 258 patients were included. 46 of 258 (18%) patients were in low, 82 of 258 (32%) patients were in intermediate and 130 of
258 (50%) patients were in high Ki-67 group. There were no correlations between menopausal status, age, and Ki-67 level. Low-pT stages tended to
have low Ki-67 expression (p=0.07). Low-pN stages correlated with low Ki-67 values (p=0.007). Patients with ECE (+) were prone to have higher
Ki-67 values (p=0.02). The significant correlation was seen between Ki-67 and tumour grading (p=<0.0001). Patients with LVI (+) had higher Ki-67
expression (p=0.007). Luminal A tumours were correlated with low Ki-67 group (p=<0.0001). Ki-67 values had significant effect on DES (p=0.03)
but not OS (p=0.09).

Conclusion: This study showed that high Ki-67 expression is associated with higher pT-stage, higher pN-stage, higher grade, ER/PR negativity,
HER2/neu positivity, ECE and LVI positivity. The prognostic impact of Ki-67 was only demonstrated for DES.
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Introduction

‘The most common cancer type in women is breast cancer and the lifetime risk for breast cancer is 12% (1). The clinical feature of breast
cancer is very heterogeneous because of the variable prognostic factors impact its behaviour (2). To know prognostic factors may help to
estimate the prognosis and to choose the most appropriate treatment modality. Age, histopathologic subtypes, tumour size, tumour grade,
lymph node involvement, extracapsular extension (ECE), lymphovascular invasion (LVI), and hormonal receptor status are the most

important conventional prognostic factors (3).

In addition to these factors, to know proliferation pattern of tumour is important for the treatment decision. In routine clinical practice,
immunohistochemical evaluation of Ki-67 is frequently utilised to assess proliferative features of tumour cells. Except resting phase (GO0),
Ki-67 is detected in all proliferative phases of the cell cycle (G1, S, G2, and M). Ki-67 existing cells can be immunochemically marked,
imaged, counted and showed as a percentage of total cells (4). It has been used for many years for breast cancer; it is currently utilised to
distinguish between Luminal A-like and Luminal B-like subtypes in ER+/HER2- breast cancer and physicians frequently use Ki-67 index

for making a decision on adjuvant treatment (5-7).

In spite of consistent data about Ki-67 index, the relationship between Ki-67 index and the other prognostic factors remains uncertain.
‘The results of studies evaluating the association between Ki-67 and tumour grade in breast cancer have been varied. Some of the research-
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ers claimed that high grade tumours were correlated with high expres-
sion of Ki-67, whereas the others did not find any association (8-11).
The relationship between Ki-67 index and steroid hormone receptors
(oestrogen hormone receptor (ER) and progesterone hormone recep-
tor (PR)) were investigated in previous studies. Most of the studies
showed a negative correlation between steroid hormone receptors and
Ki-67 levels (8-10). In regard to human epidermal growth factor re-
ceptor 2 (HER2) status, the results are controversial, as some of the
researchers have found a positive correlation but the others have not
(8, 12, 13). The results of studies which investigated the association
between tumour stage and Ki-67 index conflicted with each other. The
relationship between nodal status and Ki-67 index is not clear yet (8).
The effect of Ki-67 values on survival outcome is also uncertain.

The primary aim of this study was to find the prognostic importance
of Ki-67 and to analyse the correlation between Ki-67 index and the
other conventional prognostic factors in breast cancer patients who
received curative radiotherapy. The secondary end point of this study
was to evaluate the other possible prognostic factors that affect overall
survival (OS) and progression free survival (PFS).

Materials and Methods

Patient population

Between 2010 and 2017, patients with invasive ductal carcinoma who
received radiotherapy after surgery were included in this study. Totally,
the data of 590 women with breast cancer were retrospectively evaluat-
ed. Patients age <18, Karnofsky Performance Status <70, had another
concurrent cancer, had an incomplete lymph node dissection, received
neoadjuvant chemotherapy, had bilateral tumours, had initially distant
metastases, and follow-up period <12 months were excluded. Finally,
258 patients with breast cancer were evaluated.

This research was confirmed by the board of Necmettin Erbakan Uni-
versity Meram School of Medicine and complied with the Declaration
of Helsinki. Because of the retrospective nature of study, informed
consent was not taken from the patients.

Treatment and follow-up

After surgery, all patients received their radiotherapy, chemotherapy and/
or hormonotherapy according to routine treatment procedures. Patients
were examined for tumour status in 3-month intervals for two years and
in a 6-month interval for three to five years, and annually thereafter.

Histopathological evaluation

A single pathologist (ES.) re-defined the histologic examples of all cases
retrospectively, based on the guideline recommendations of the Amer-
ican Society of Clinical Oncology/College of American Pathologists
(ASCO/CAP protocols) without information of the patient outcomes
(14). The histologic type, tumour grade, tumour dimension, number
of metastatic axillary lymph nodes, the existence of ECE and the exis-
tence of LVI were re-evaluated using haematoxylin- and eosin-stained,
formalin-fixed and paraffin wax-embedded tumour slides. Pathological
staging was performed using the 7th American Joint Committee on
Cancer (AJCC) TNM staging system. ER and PR were judged as a
positive when the nuclei were stained in more than 1% of the cancer
cells. HER2 was judged as a positive when strong complete staining in
>10% of cancer cells (ie, 3+). Fluorescent in situ hybridization (FISH)
or silver-enhanced in-situ hybridization (SISH) was carried out when
moderate complete staining in >10 % of cancer cells (i.e., 2+). HER2
was accepted positive when the HER2/CEP17 ratio >2 and gene copy
number >4 signal/cell (15).

Immunohistochemically stained sections were used for the assessment
of Ki-67. MIB-1 staining for Ki-67 was examined with 4x and 10x
object lenses to identify the area of most intense staining (“hot spot”).
Scoring Ki-67 was performed by counting at least 500 tumour cells
in high-power fields with a 40x object lens. All brown-stained nuclei,
regardless of staining intensity, were counted as positive. We did not
specify any cut-off value because of there is still no absolute cut-off
value was defined for the Ki-67 proliferation index. We established
three categories based on Ki-67 level: low (<10%), intermediate (10-
25%) and high (>25%) as some authors specified ‘low proliferative
activity’ as Ki-67 values <10%, and ‘high proliferation activity’ as Ki-
67 values >25%. Ki-67 levels between 10% and 25% were defined as
a grey zone interval (16).

Statistical Analysis

All statistical analyses were performed using Statistical Package for
Social Sciences software version 22.0 (IBM Corp.; Armonk, NY,
USA). Patient, treatment and disease characteristics were evaluated us-
ing descriptive statistics. The correlation between Ki-67 groups and
other clinicopathologic parameters were evaluated using Pearson’s Chi-
square test, and Fisher exact test or Spearman test. The relationship
between absolute Ki-67 values and other clinicopathologic parameters
were assessed using an ANOVA test. Different groups of continuous
variables were compared by Kruskal-Wallis test. The overall survival
(OS) was identified as the time from the surgery to the date of the
death or last follow-up. The disease-free survival (DFS) was identified
as the time from the surgery to the date of demonstrated recurrence/
progression or death. Survival analyses were evaluated using Kaplan-
Meier test and two-sided log-rank test was performed to make a com-
parison between subgroups. Hazard ratios and 95% confidence inter-
vals (Cls) were measured using Cox regression analysis. The variables
which had statistical significance in univariate analysis (p<0.05) were
added in multivariate analysis as covariates. A p value less than 0.05
was accepted statistically significant.

Results

Patients, tumour and treatment characteristics

A total of 258 patients were included in the current study with a me-
dian follow of 35 (range; 12-133) months from 2010 to 2017. One
hundred of 258 patients (39%) were premenopausal, 24 of 258 pa-
tients (9%) were perimenopausal and 134 of 258 patients (52%) were
postmenopausal. The median age was 52 (range; 27-83 years) years.
The detailed patients, tumour, and treatment features are displayed

in Table 1.

Relationship of Ki-67 status with patient and tumour character-
istics

The median Ki-67 value was 27.5% (range: 0 to 95%; mean: 30%).
Forty-six of 258 (18%) patients were in low, 82 of 258 (32%) patients
were in intermediate and 130 of 258 (50%) patients were in high Ki-
67 expression group. There were no correlations between menopausal
status, age and Ki-67 groups (p=0.3 and p=0.6, respectively). Concern-
ing the dimension of tumour, low-pT stages tended to have low Ki-67
expression (p=0.07). Ninety-two percent of low expression group had
pT1-2 disease, whereas only 8% of the low expression group had pT3-4
disease. Similarly, 87% of the intermediate Ki-67 group had pT1-2 dis-
ease, whereas 13% of the intermediate Ki-67 group had pT3-4 disease.
Because of low number of pT3-4 cases (32 of 258 patients), to make a
conclusion about the high expression group is difficult but 53% of pa-
tients with pT3-4 disease were in high expression group. Regarding the
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Table 1. Patients, tumour and treatment
characteristics

No. of patients
Variables (total: 258)

Age (years)
Median (range) 52 (27-83)

Menopausal status

Premenopausal 100

Perimenopausal 24

Postmenopausal 134
Surgery type

Modified radical mastectomy 148

Breast conserving surgery 110

Tumour grade

Grade 1 27
Grade 2 168
Grade 3 63

Tumour stages

pT1 77
pT2 149
pT3 22
pT4 104
Lymph node stages
pNO 94
PN1 93
pN2 44
pN3 27
Hormonal status
ER (+) PR (+) HER2 (-) 159
ER (+) PR (+) HER2 (+) 53
ER () PR (-) HER2 (+) 23
Triple (-) 23
ECE
Yes 97
No 128
Unknown 33
LVI
Yes 116
No 125
Unknown 17
Ki-67 values
Low (0-9%) 46
Intermediate (10-25%) 82
High (>25%) 130

ER: oestrogen hormone receptor; PR: progesterone hormone receptor;
HER2: human epidermal growth factor receptor 2; ECE: extracapsular

extension; LVI: lymphovascular invasion

%

39

52

57
43

11
65
24

30
58

36
36
17
11

62
20

38
50
12

45
48

18
32
50

Table 2. The relationship between absolute Ki-67
values and clinicopathologic variables

Variables Absolute Ki-67
(n=258) value (mean) p

Menopausal status

Premenopausal 30.50 0.1
Perimenopausal 31.50
Postmenopausal 29.93
Total 30.29

Tumour grade

Grade 1 11.96 <0.0001*
Grade 2 29.05
Grade 3 41.46
Total 30.29

Tumour stages

pT1-2 29.95 0.5
pT3-4 32.72
Total 30.29

Lymph node stages

pNO-1 27.23 0.001*
pN2-3 38.07
Total 30.29

Hormonal status

ER (+) PR (+) HER2 () 24.71 <0.0001*
ER (+) PR (+) HER2 (+) 31.04
ER (-) PR (-) HER2 (+) 48.13
Triple (-) 49.35
Total 30.29
ECE
Yes 27.08 0.02*
No 34.07
Total 30.09
LVI
Yes 26.93 0.02*
No 33.70
Total 30.19
Ki-67 values
Low (0-9%) 4.09 <0.0001*
Intermediate (10-25%) 15.29
High (>25%) 49.03
Total 30.29

ER: oestrogen hormone receptor; PR: progesterone hormone
receptor; HER2: human epidermal growth factor receptor 2;
ECE: extracapsular extension; LVI: lymphovascular invasion
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nodal status, low-pN stages were correlated with low Ki-67 expression
(p=0.007). Eighty-seven percent of low Ki-67 group had pNO-1 disease
while 65% of pN2-3 patients had high expression of Ki-67. Patients
with ECE (+) were prone to have high Ki-67 values, whereas patients
with ECE (-) prone to have low Ki-67 values (p=0.02). Seventy-one
percent of patients with ECE (-) were in low expression group, whereas
60% of patients with ECE (+) were in high expression group. The sig-
nificant association was seen between Ki-67 levels and tumour grading
(p=<0.0001). Low-grade tumours were correlated with low Ki-67 ex-
pression whereas high-grade tumours were correlated with high Ki-67
expression. Forty-eight percent, 37% and 15% of grade 1 tumours were
in low, intermediate and high Ki-67 expression group, respectively. Nine
percent, 24% and 67% of grade 3 tumours were in low, intermediate
and high Ki-67 expression group, respectively. Patients with LVI (+) had
higher expression of Ki-67 than patients with LVI (-) (p=0.007). Eighty
percent of patients with LVI (-) were in low expression group. ER/PR
(+) tumours were correlated with low Ki-67 expression (p=<0.0001).
Ninety-eight percent of patient in low Ki-67 expression group had ER/
PR (+) discase whereas 28% of patients with ER/PR (+) were in high Ki-
67 group. Regarding HER2 status, HER2 (+) tumours were correlated
with high expression of Ki-67 (p=<0.0001). In a low Ki-67 group, 80%
of patients were HER2 (-) while 68% of HER2 (+) patients were in high
Ki-67 group. Parallelly, hormonal receptor status was associated with
Ki-67 values (p=<0.0001). Luminal A (ER/PR (+), HER2 (-)) tumours
were correlated with the low Ki-67 group. In low expression group, 81%
of patients had ER/PR (+), HER2 (-) (Luminal A-like subtype), 17%
of patients had ER/PR (+), HER2 (+) (Luminal B-like subtype), 2%
of patients had ER/PR (-), HER2/neu (+) and none of the patient had
ER/PR (-), HER2 (-) (triple (-). Correlatively, 83%, 17% and 0% of
patients with triple (-) disease were in high, intermediate and low Ki-67
expression group, respectively. The relationship between absolute Ki-67
values and clinicopathologic variables were also evaluated and the results
were shown in Table 2.

Survival Analysis

During a median follow-up of 35 months, 250 of 258 patients (97%)
were alive and 16 of 258 patients (4%) had distant metastases. The mean
OS and DFS were 127 (range; 123 to 131) and 121 (range; 115 to 126)
months, respectively. 5-year OS and DEFS rates were 95% and 87%, re-
spectively. The tumour grade (p=0.01), hormonal status (p=0.006), nod-
al stage (p=0.01), and LVI (p=0.03) were significant prognostic factors
for OS in univariate analysis. Regarding Ki-67 values, 6 of 8 died patients

(75%) were in high expression group and 2 of 8 died patients 25(%)
were in intermediate expression group while there was no died patient in
low expression group. However, these differences did not reach signifi-
cance (Figure 1; p=0.09). In terms of DFS, the tumour grade (p=0.001),
hormonal status (p=0.003) and Ki-67 values (p=0.03) were independent
prognostic factors for DFS. Twelve of 16 patients (75%) with metastases
were in high expression group, 3 of 16 patients with metastases were in
intermediate expression group and only 1 patient had metastasis in the
low expression group. The disease-free survival outcomes based on Ki-
67 values were shown in Figure 2 (p=0.03). According to multivariate
analysis, only the hormonal status was independent prognostic factor for
both OS (p=0.02; HR=9.98 [1.40-15.41]) and DFS (p=0.03; HR=4.20
[1.14-15.41]).

Discussion and Conclusion

The primary aim of this study was to find the prognostic importance
of Ki-67 index and to analyse the correlation between Ki-67 index and
other conventional prognostic factors in breast cancer patients who
received curative radiotherapy.

Despite the variability in the cut-off points (5% to 34% or more) and
the lack of standardized procedure for Ki-67 assessment, to find its
predictive and prognostic value has been frequently attractive for re-
searchers. The 2009 St. Gallen consensus divided three subgroups ac-
cording to Ki-67 levels: low (<15%), intermediate (16% to 30%), and
high (230%); the 2011 St. Gallen recommended a Ki-67 cut-off point
of 14% for distinguishing between Luminal A-like and Luminal B-like
tumours; the 2013 St. Gallen changed the cut-off point to 20%, the
2015 St. Gallen advised the Ki-67 values between 20% and 29% was
used to distinguish luminal B-like disease (5, 6, 16).

In the PACSO01 study, the authors showed that, with using a cut-off
point as 14%, the risk of misclassification was 37% when Ki-67 value
was between 10-25%, and it was 11% when Ki-67 value was <10% or
225% (17). In this study, there was not any cut-off point defined and
Ki-67 was established as three categories based on levels: low (<10%),
intermediate (10-25%) and high (>25%).

In the current study, we did not show any correlation between patient
age, menopausal status, and Ki-67 index but most of well-known con-
ventional prognostic factors significantly associated with Ki-67 values.
Our data indicated that low-pT stages tended to have low expression
of Ki-67. These findings were in accordance with the outcomes of
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Figure 1. Overall survival based on Ki-67 values

Figure 2. Disease free survival based on Ki-67 values
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Fausto et al. (18) and Inwald et al. (19). In accordance with the cur-
rent research, Alco et al. (20) reported the results of largest study from
Turkey in 2015 and revealed that the Ki-67 index was positively cor-
related with an increasing tumour size. Low-pN stages were also cor-
related with low Ki-67 expression. Our findings were consistent with
the results of previous studies (19-21). In the current study, the signifi-
cant association was seen between Ki-67 levels and tumour grading.
Low-grade tumours were correlated with low Ki-67 expression whereas
high-grade tumours were correlated with high Ki-67 expression. This
correlation was demonstrated in many previous studies (8-10, 19-22).
The other powerful correlation was shown in steroid hormone receptor
status and expression of Ki-67 in former research (8-10, 19-22). These
studies showed a remarkable association between higher Ki-67 expres-
sion and ER/PR negativity. Our results were consistent with the litera-
ture. Regarding HER?2 status, the results were inconsistent. Some of
the studies showed a positive association between higher Ki-67 expres-
sion and HER2 negativity, but most of the studies displayed a positive
correlation between higher Ki-67 expression and HER2 positivity (8,
12, 13, 19-22). In the current study, high Ki-67 expression was cor-
related with HER2 positivity. In addition, with these results, we found
that Luminal A (ER/PR(+), HER2(-)) tumours tended to have low
Ki-67 expression and triple (-) tumours tended to have high Ki-67
expression. In accordance with our results, Alco et al. (20) showed
that the Ki-67 index was negatively correlated with HR positivity, and
positively correlated with HER2 positivity.

We did not get any data which investigate the correlation between
ECE and Ki-67 index in literature but according to our results, pa-
tients with ECE (+) prone to had higher Ki-67 values. There are very
limited data analysing the correlation between LVI and Ki-67. In the
present study, patients with LVI had high expression levels of Ki-67
similar to the results of Alco et al. (20).

The results of the studies investigating the effect of Ki-67 on survival
outcomes were conflicting with each other. Although some of the
researchers showed prognostic effects of Ki-67 expression on survival
outcomes, the others did not demonstrate any correlation (8, 19, 21,
23). We found a significant relationship between high expression of
Ki-67 and poor DFS. In spite of most of deaths (75%) were in high
expression group we did not find any correlation between Ki-67 ex-
pression and OS. This may be because of a relatively small number of
patients and short follow-up time.

Currently, Ki-67 assessment is used for prediction of prognosis, to dis-
tinguish between Luminal A-like and Luminal B-like subtypes in ER+/
HER2- and to help with decision making on adjuvant chemotherapy
(5-7, 16). Although, its routine use in clinical practice is still not rec-
ommended due to the lack of a standardized procedure of Ki-67 evalu-
ation, interpretation, scoring, and definition of cut-off value; it has
been suggested that each pathology department should specify their
own assessment methodology of Ki-67 (24).

We are aware of that there are some limitations of the study, including
limited sample size, relatively short follow-up time, and its retrospec-
tive nature. The retrospective design of the study did not negatively
affect the association of the Ki-67 index with the other patient and
tumour characteristics, but the survival outcomes might be affected
by this situation.

In conclusion, this single institution study showed that high expression

of Ki-67 is associated with higher pT-stage, higher pN-stage, higher

grade, ER/PR negativity, HER2/neu positivity, ECE and LVI positiv-
ity. The prognostic impact of Ki-67 was only demonstrated for DFS
and longer follow-up time may be required to see its effect on OS.
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ABSTRACT

Objective: The aim was to evaluate relationship between apparent diffusion coefficient (ADC) values with pathologic prognostic factors in breast
carcinoma (BC).

Materials and Methods: 83 patients were enrolled in this study. Prognostic factors included age, tumor size, expression of estrogen receptor (ER)
and progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2), nuclear grade (NG), lymph node involvement and histologic
type. The relationship between ADC and prognostic factors was determined using Independent sample t-test, ANOVA, Pearson correlation and relative
operating characteristics (ROC) analysis.

Results: There was no significant difference between ADC and prognostic factors, including age, tumor size, ER, HER2 and histologic type. The PR-
positive tumors (p=0.03) and axillary lymph node involvement (p=0.000) showed a significant association with lower ADC values. The ADC values were
significantly lower in high-grade tumors than low-grade tumors (p=0.000). ROC analysis showed an optimal ADC threshold of 0.66 (x10-3 mm2/s) for
differentiating low-grade tumors from high-grade tumors (sensitivity, 85.5%; specificity, 81%j area under curve, 0.90).

Conclusion: The lower ADC values of BC were significantly associated with positive expression of PR, LN positivity and high-grade tumor. Especially,
ADC values were valuable in predicting NG subgroups.

Keywords: Breast cancer, diffusion-weighted imaging, apparent diffusion coefficient, prognostic factors
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Apparent Diffusion Coefficient Value with Pathologic Prognostic Factors. Eur ] Breast Health 2019; 15(4): 262-267.

Introduction

Prognostic factors including axillary lymph node (LN) involvement, tumor size, nuclear grade (NG), Ki-67, estrogen receptor (ER),
progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) have been used to determine the prognosis and ap-
propriate treatment options before or following surgery in breast cancer (1, 2). Magnetic resonance imaging (MRI) is widely used for the
evaluation of morphologic characteristics and contrast enhancement patterns of BC. The diffusion-weighted image (DW1I) is a technique
which analyze random Brownian motion of water molecules in tissues. DWI also yields quantitative information by using apparent dif-
fusion coefficient (ADC) maps which shows the tumor cellularity. Several studies have shown an inverse correlation between tumor cel-
lularity and ADC values (2-6). As a result of this, ADC value has been used for differentiation of malignant tumors from benign lesions
and determination of aggressiveness of a tumor. The possible relationship between pathologic prognostic factors and ADC values may
be helpful in evaluating the treatment response by ADC values. The majority of the studies performed up to the present evaluated the
association between ADC values and pathological prognostic factors in patients with BC (1, 7-11). However, the results which have been
reported by previous studies were inconclusive and controversial. The purpose of this study was to evaluate the ADC values of invasive
BC and investigate whether the use of DW1I for ADC values could provide information about the prognostic factors in BC including age,
tumor size, LN, NG, histologic type, ER, PR and HER2.
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Material and Methods

Patient selection

The Institutional Review Board of Baskent University Hospital ap-
proved this retrospective study. Informed consent was not received due
to the retrospective nature of the study. We enrolled 111 consecutive
patients, who underwent MR imaging of the breast including DWI
at our institute between April 2011 to December 2016, who were
subsequently proven histopathologically to have BC. We excluded 28
patients, including 9 who received neoadjuvant chemotherapy and 19
with ductal carcinoma in situ or invasive foci of less than 1 cm (be-
cause of difficulty in drawing region of interest and poor reliability of
signal intensity of the ADC map). Ultimately, 83 patients with a total
of 83 breast cancers including 69 with invasive ductal carcinoma not
otherwise specified (IDC NOS), 7 with invasive lobular carcinoma
(ILC), 5 with invasive micropapillary carcinoma (IMPC) and 2 with
invasive papillary carcinoma (IPC) were enrolled in this study.

The MRI protocol

All patients were examined using dynamic contrast-enhanced MRI
(DCE-MRI) and DWI.MRI was performed with 1.5 Tesla MR (Sie-
mens Magnetom Avanto, Erlangen, Germany) by using a dedicated
breast coil while the patient was in prone position. Standard protocols
for breast imaging, such as axial scout images, precontrast axial T'1-
weighted (TR/TE, 450/9.6; matrix, 257x384; NEX, 2; slice thickness,
4 mmj; acquisition time, 2.17 s) and T2-weighted (TR/TE, 5600/59;
matrix, 314x320; NEX, 2; slice thickness, 4 mm; acquisition time,
2.55 s) were performed. Both before and after intravenous contrast
material injection, 6 sequential fat-suppressed 3D T'1-weighted images
were obtained, and subtraction was performed. A bolus dose of gado-
versetamide was injected intravenously at a dose of 0.1 mmol/kg of
body weight. The scanning parameters for dynamic contrast-enhanced
MRI were TR/TE, 4.43/1.73; matrix, 336x448; NEX, 1; slice thick-
ness, 1.2 mm; flip angle, 10°; FOV, 3.4x3.4 cm; acquisition time, 60
s, respectively. Prior to the dynamic analysis, echo-planar images were
obtained with diffusion gradients in the x, y and z planes at b values
of 0 and 500 s/mm?. The DW1T sequences were obtained with the fol-
lowing parameters: TR/TE, 8700/109; matrix, 96x192; NEX, 2; slice
thickness, 4 mm; acquisition time, 3.38 s. (Grappa). The ADC maps
were created automatically. Calculations were made based on mean
ADC maps of the circular sampling region of interest (ROI), with care
taken to perform measurements in solid areas rather than necrotic/
cystic areas and visual artifacts. We placed three circular ROIs of 20+2
mm? within the tumor after referring to DCE-MRI for verification of
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the lesion boundaries on the ADC map. We calculated the average of
the ADC values for all three ROIs within the tumor. All MRI studies
were examined by the same experienced radiologist. Figure 1 show
symbolic images.

Prognostic Factors

The histological grade of BC was assessed by using the modified crite-
ria of Bloom and Richardson grading system which classify tumors due
to the amount of gland formation, pleomorphism and mitotic activity.
The grades ranged from 1 to 3 points with a total score of 3-5 represen-
tative of grade 1 (NG1), a total score of 6 or 7 representative of grade
2 (NG2) and a total score of 8 or 9 representative of grade 3 (NG3).
NG was also divided into two groups which were low-grade tumors
(NG1 and NG2) and high-grade tumors (NG3). Tumor size, defined
as the largest diameter of the primary breast tumor was obtained from
the DCE-MRI. In this study tumor size was classified under three cat-
egories (€20 mm, 21-50 mm and >50 mm). Immunohistochemistry
was used to evaluate the expression of the molecular markers including
ER, PR and HER2. The status ER and PR was considered as positive
if expression was 10% or more. The intensity of HER2 was scored as 0
to 3+. Scores of 0 and 1+ were classified as HER2-negative, and scores
of 3+ were defined as HER2-positive by immunohistochemistry. The
lesions with a HER2 expression of 2+ were studied by fluorescent in
situ hybridization to determine the HER2 gene amplification. Axillary
lymph node specimens, obtained from lymph node dissection, were
analyzed by the pathologist with more than 10 years’ experience. The
histologic types of BCs, were classified according to the WHO clas-
sification, were obtained from our database.

Statistical Analysis

Statistical analyses were performed using the Statistical Package for
Social Sciences version 22.0 (IBM Corp.; Armonk, NY, USA). The
Kolmogorov-Smirnov test was used to analyze the normal distribution
of data. The ADC values were compared according to the ER (positive
vs. negative), PR (positive vs. negative), HER2 status (positive vs. neg-
ative), NG (low-grade vs. high-grade) and LN (positive vs. negative)
using the Independent sample z-test. We compared the ADC values
with tumor size, NG subgroups and histologic types using the one-
way analysis of variance (ANOVA, post-hoc). The Pearson correlation
coeflicient test was used to investigate the correlation between ADC
values and patients” ages. In addition, we used relative operating char-
acteristics (ROC) analysis to evaluate the association between ADC
values and NG subgroups. The “p” value less than 0.05 was considered
to show a significant difference.

Figure 1. a-c. A 51-year-old woman with left breast cancer diagnosed as progesterone receptor (PR)-positive, estrogen receptor (ER)-positive
and human epidermal growth factor receptor 2 (HER2)-negative. Dynamic contrast-enhanced MR shows heterogeneous, enhanced mass in
outer quadrant of left breast (open arrow) (a). A nodule with high signal intensity was detected in the left breast on diffusion-weighted
imaging (DWI) (open arrow) (b). Axial apparent diffusion coefficient (ADC) map shows low signal intensity (open arrow) in tumor (b-value: 500
s/mm2) (c)
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Results

The patients’ ages ranged from 27 to 82 years (mean age: 48.3x11.3
years), and all patients were female. There was no significant corre-
lation between the ADC and patients’ ages (p value, 0.97; Pearson’s
correlation). The histopathological features and comparisons of mean
ADC values in subgroups of prognostic factors are shown in Table 1.
The size of the breast carcinomas ranged from 10 mm to 85 mm (mean
size: 32.8+19.6 mm). The majority of the lesions were ER-positive
(77.1%) and PR-positive (74.7%). A total of 45 (54.2%) lesions were
HER2-positive, and 38 (45.8%) were HER2-negative. Most of the tu-
mors were IDC NOS (83.1%). There was no significant difference be-

Table 1. ADC values and Prognostic Factors in 83
Patients with Breast Cancer

Prognostic Number of

Factors Subjects (%)? ADC Values P
ER® 0.43
Positive 64 (77.1) 0.71+0.11

Negative 19 (22.9) 0.74+0.1

PR® 0.03
Positive 62 (74.7) 0.70+0.11

Negative 21(25.3) 0.76+0.09

HER2° 0.71
Positive 45 (54.2) 0.71£0.1

Negative 38 (45.8) 0.72+0.12

Lymph Node® 0.000
Positive 40 (48.2) 0.65+0.08

Negative 43 (51.8) 0.78+0.09
Histological type 0.28
IDC NOS 69 (83.1) 0.730.1

ILC 7 (8.4) 0.69+0.15

IMPC 5(6) 0.63+0.14

IPC 2 (2.4) 0.69+0.06

Tumor size (mm)< 0.49
<20 29 (35) 0.74+0.13

21-50 40 (48.2) 0.71+0.09

>50 14 (16.8) 0.74£0.12

Nuclear Grade© 0.000
1 15 (18) 0.87+0.08

2 47 (56.6) 0.72+0.07

3 21 (25.3) 0.6+0.07

ADC: apparent diffusion coefficient; ER: estrogen receptor; PR:
progesterone receptor; HER2: human epidermal growth factor receptor
2; IDC NOS: invasive ductal carcinoma not otherwise specified; ILC:
invasive lobular carcinoma; IMPC: invasive micropapillary carcinoma; IPC:
invasive papillary carcinoma

2Because of rounding-up, the sum of percentages does not always equal
100

®Independent sample t-test

‘One-way analysis of variance

tween mean ADC values and prognostic factors, including ER, HER2,
tumor size and histologic type. The PR-positive tumors showed sig-
nificant lower ADC values than PR-negative tumors (p=0.03). Lymph
node status was positive in 40 (48.2%) and negative in 43 (51.8%)
of the subjects. The LN positivity showed significant association with
lower ADC values (p=0.000, Figure 2). There was a significant rela-
tionship between NG subgroups and ADC values (p=0.000). Histo-
logic grades were classified as low-grade tumors (NG1 and NG2) in
62 (74.6%) and high-grade tumors (NG3) in 21 (25.3%) patients.
The mean ADC values were significantly lower in high-grade tumors
(NG3) as compared to low-grade tumors (NG1 and NG2) (p=0.000,
Figure 2). In addition, ROC analysis was performed to determine
threshold ADC value for prediction of nuclear grade of tumors. ROC
analysis revealed an optimal ADC threshold of 0.66 (x10-3 mm?*/s)
for differentiating low-grade tumors (NG1 and NG2) from high grade
tumors (NG3) (Figure 3A). This cut-off showed a sensitivity of 85.5%
and specificity of 81% with the area under curve (AUC) of 0.90
(p=0.000) (Table 2, Figure 3A).

We also compared the ADC values of NG1 (n=15) tumors with NG2
and NG3 tumors (n=68) and found significant difference between
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Figure 2. a, b. Boxplot showing the distribution of apparent diffusion
coefficient (ADC) values of breast carcinoma according to nuclear
grade (NG) (a) and axillary lymph node (LN) involvement (b). As shown,
the ADC value of high-grade tumors is significantly lower than low-
grade tumors (a). ADC value of the lesions with axillary lymph node
involvement is significantly lower than that of the lesions without
lymph node involvement (b)



NGI1 and the other NG subgroups (p=0.000). ROC analysis showed
an optimal ADC threshold of 0.769 (x10-3 mm?/s) for differentiating
NGI1 from the other subgroups (Figure 3B). This cut-off showed a
sensitivity of 100 % and specificity of 80.9 % with the AUC of 0.95
(p=0.000) (Table 3).

Discussion and Conclusion

Diffusion-weighted image is an inexpensive, noninvasive and easy
method evaluating the random motion of water molecules in breast
tissue. DWT has been applied for differentiating malignancy from be-
nign tumor and evaluating treatment response in BC. Previous stud-
ies showed an inverse correlation between cellular density and ADC

values, with malignancies having higher cellularity and lower ADC
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Figure 3. a, b. Relative operating characteristic curves (ROC). ROC
curve in which low grade tumors (NG1 and NG2) were compared with
high-grade tumors (NG3) (a). ROC curve in which NG1 was compared
with NG2 and NG3 (b)
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values than benign lesions (6, 12). Pathological prognostic factors such
as tumor size, ER, PR, HER2, NG, LN status and histologic type have
been used to determine the aggressiveness of tumors. Although some
previous studies evaluated the relationship between the ADC values
and the pathological prognostic factors, the results were controversial
(1,2, 69, 11-18).

Axillary lymph node involvement is one of the major prognostic fac-
tors, which affect the prognosis and survival of the patients. Previ-
ous studies revealed various controversial results in the relationship
between LN status and ADC values. Because of existence of meta-
static LN was associated with the aggressiveness of tumor, we hypoth-
esized the lower ADC values would be in a significant relationship
with metastatic LN. By contrast, several studies showed no association
between LN metastasis and ADC values (10-12, 18, 19). However,
some studies, similar to our results, showed a significant relationship
between LN status and ADC values with LN-positive tumors hav-
ing lower ADC values than LN-negative tumors (2, 3). Interestingly,
Kamitani et al. (16) reported that LN-positive tumors had significant
higher ADC values and they considered that this might be related to
the existence of micronecrosis in the LN.

Nuclear grade is a representative prognostic factor for determining tu-
mor aggressiveness by evaluating the pleomorphism, gland maturation
and mitosis which is reflective of tumor cellularity. As aforementioned

Table 2. ADC cut-off values in differentiation of
low-grade (NG1 and NG2) and high-grade tumors
(NG3), sensitivity and specificity values in different
threshold values in the ROC analysis

Threshold Value* Sensitivity Specificity
0.647 93.5 66.7
0.653 91.9 71.4
0.660 85.5 76.2
0.664 85.5 81
0.681 79 81
0.688 75.8 85.7
0.701 71 85.7

ADC: apparent diffusion coefficient; NG: nuclear grade; ROC: relative
operating characteristics
*(x10-3 mm?/s)

Table 3. ADC cut-off values in differentiation of
NG1 tumors and the other NG subgroups (NG2 and
NG3), sensitivity and specificity values in different
threshold values in the ROC analysis

Threshold Value* Sensitivity Specificity
0.769 100 80.9
0.784 933 85.3
0.811 86.7 94.1

ADC: apparent diffusion coefficient; NG: nuclear grade; ROC: relative
operating characteristics
*(x10-3 mm?/s)
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before, the high cellularity is associated with lower ADC values in the
tumor. However, some of the previous studies reported no significant
association between the NG and ADC values in the BC (2, 10, 12, 16,
18, 20). We found significant difference between low-grade tumors
(NGI and NG2) and high-grade (NG3) tumors similar to the study
by Martincich et al. (9). According to our results, the optimal cut-off
value of 0.66x10-3 mm?/s in the differentiation of low-grade tumors
(NGI and NG2) from high-grade tumors (NG3) with high sensitivity
and specificity has been identified (Table 2). In this study, a significant
difference was also observed in ADC values between NG1 tumors and
the other subgroups (NG2 and NG3), which was consistent with two
previous studies (8, 19). Yirgin et al. (19) revealed a cut-off ADC value
of 1.05 (x10-3 mm?/s) with the sensitivity of 75% and specificity 28
% to differentiate NG1 tumors from the others. We found three opti-
mal threshold values with the higher sensitivity and specificity which
were demonstrated in Table 3 to differentiate NG1 tumors from other
subgroups than the previous studies (19). We consider that ADC cut
off values can be used for predicting NG subgroups.

A previous study demonstrated that the five-year BC survival rates
have been found to be longer in the tumors <2 cm than the tumors >5
cm (21). Our study indicated that larger tumors (>5 cm) had higher
mean ADC values than the smaller tumors (<5 cm); however, the dif-
ference was not statistically significant. Nevertheless, there are some
studies reporting significant association between the tumor size and
ADC values with larger tumors having lower ADC values than smaller
tumors (15, 22). However, in consistency with our study, some re-
searches revealed that the ADC values and tumor size were not cor-
related (2, 10, 12, 17). This may be related to the variable amount of
histologic contents such as fibrosis, necrosis, cellularity, angiogenesis
or hemorrhage in the tumors.

Estrogen receptor-positive tumors are well differentiated and generally
presents effective response to hormonal therapy (23, 24). The relation-
ship between the ADC values and the ER status has been reported
in several studies (1, 2, 9-11, 15-18). Some studies revealed that ER
status was associated with high tumor cellularity which was related
to the lower ADC values (25, 26). However, in our study we found
no association between the ADC values and ER which is inconsistent
with some previous studies (3, 9, 11, 12, 16, 17). We also observed
significantly lower ADC values for PR-positive carcinomas as com-
pared to PR-negative cancers (p=0.03). Similar to our results, some
previous studies found a significant relationship between ADC values
and PR expression (1, 16, 17). Nevertheless, several studies reported
no association between ADC values and PR which forms a contrast to
our study (2, 10, 11, 18, 19).

The overexpression of HER2 receptor was associated with epithelial
cell growth and angiogenesis which may be related to the increased
risk of recurrence and poor prognosis (27, 28). As a result of this, we
hypothesized that lower ADC values may be associated with positive
expression of HER2. However, we found no significant correlation
between the ADC values and HER2 status in our study. Moreover, we
observed that higher ADC values were more likely in HER2-positive
tumors than in HER2-negative tumors. Nevertheless, this correlation
was not significant. The majority of the previous studies revealed no
significant relationship between ADC values and HER2 status which
is consistent with our study (9, 15-17). However, some studies re-
ported significantly lower ADC values for HER2-negative tumors as
compared to HER2-positive tumors (10-12).

We also investigated the correlation of the ADC values with age and
histologic type in this study. In breast cancer, both young and ad-
vanced age may be associated with poor prognosis (29). The influence
of age on prognosis is more prominent in sub-types of breast cancer.
Age has a more significant impact on prognosis in luminal cancer types
as compared to other sub-types of BC (30). Similar to our study, pre-
vious studies did not report a significant correlation between ADC
values and patients’ age (12, 19).

Invasive ductal carcinoma NOS is the most common type of invasive
breast cancer followed by ILC, the second most common tumor. The
majority of the tumors were IDC NOS (83 %) in this study. No sig-
nificant difference was observed between histologic types and ADC
values in this study similar to some of the previous studies (2, 9). How-
ever, Kitajima et al. (15) found a significant association between the
histologic type and the ADC values and stated that the ADC values of

ILCs were lower as compared to IDCs.

This study has some limitations which have to be pointed out. First, it
was designed as a retrospective study. Second, imaging was performed at
1.5 Tesla for evaluation of ADC values and therefore, we had to exclude
the tumors <1 cm to accurately measure ADC values on 1.5 Tesla MRI.
Third, Ki-67 which is an important prognostic factor of BC could not
have been evaluated due to the inadequate data of the subjects.

The lower ADC values of BC were related to the positive expression of
PR, LN positivity and high-grade tumor. Especially, ADC values were
valuable in predicting both NG1 and NG3 tumors from the other
subtypes. In addition, further studies are necessary to assess the ad-
ditional role of ADC values in improving the detection of pathologic
prognostic factors in a larger and more generalized population with
prospective design.
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ABSTRACT

Primary breast sarcomas are very rare and account less than 1% of invasive breast carcinomas. Primary sarcomas of breast are leiomyosarcoma, an-
giosarcoma, liposarcoma, fibrosarcoma, rhabdomyosarcoma, malignant peripheral nerve sheath tumor and pleomorphic sarcoma. Recently, a new
CD10 positive group of sarcoma was identified. These tumors cannot be classified as a soft tissue sarcoma and show diffuse strong positive staining
pattern with CD10 (NSCD10). Herein we report clinical and morphological characteristics of two cases diagnosed with not otherwise specified-type
sarcoma with CD10 expression by histologically and immunohistochemical findings with the literature. NSCD10 shows similarity with leiomyosar-
coma and sarcomatoid-type metaplastic carcinoma histomorphologically among specific sarcomas of breast. CD10 expression should be taken into
consideration in the presence of not diagnosed and not specified tumors and CD10 should be added to the immunohistochemical panel.
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Introduction

Primary breast sarcomas are very rare and account less than 1% of invasive breast carcinomas (1). Primary sarcomas of breast are a heter-
ogenous group of tumors including angiosarcoma, liposarcoma, leimyosarcoma and pleomorphic sarcoma as the most common types
(2). Primary breast sarcomas differ from the primary breast carcinomas with behavior pattern such as the soft tissue sarcomas of the other

parts of body. They show distant metastatic spread pattern rather than nodal involvement.

‘They present as painless, mobile, circumscribed and hard masses. They are more frequently seen among women between the ages of 45-

55 years (2).

In the diagnosis of primary breast sarcoma, there are two important features. Distant metastasis from another site should be elimi-
nated and spindle cell metaplastic carcinoma (MC) and also malignant phylloides tumors (MPT) are important in the differential

diagnosis.

The treatment modality of the primary breast sarcoma is surgery. Recently, wide local excision providing tumor free borders is sufficient

for the treatment. Axillary lymph node dissection is unnecessary. It is recommended if there is a palpable lymph node is present.

CD10 (CALLA) neutral endopeptidase is a surface cell receptor and is expressed by lymphoid precursor cells and myoepithelial cells of
breast (3-4)

Recently published studies suggest that CD10 could be a good indicator of stem cells in breast carcinoma, particularly precursors of
metaplastic carcinomas (5). CD10 is positive in phyllodes tumors that showing aggressive pattern in breast (3). Recently, a not otherwise
specified-type sarcoma with CD10 expression is identified (1, 6-8). In this case report we aimed to discuss two cases diagnosed with not

otherwise specified-type sarcoma with CD10 expression at our department with the literature data.
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Case Presentations

Case 1

A 70-year-old female was admitted to the oncology department with
a history of surgically excised lesion with a diagnosis of leiomyosar-
coma one year ago. Her tumor was an ulcerated, hemorrhagic and
discharging lesion. The paraffin blocs were referred to our department
to re-evaluation.

Histological examination of outer center preparations; A tumoral le-
sion with hyperchromatic nuclei, apparent nucleoli and large eosin-
ophilic cytoplasm in diffuse infiltrative pattern was seen under the
stratified squamous epithelium and stroma of the breast. The tumor
was also containing spindle shaped bundles with apparent nucleoli in
some areas (Figure 1).

Perineural invasion was positive with in the tumor. In immunohisto-
chemically evaluation, the tumor was strongly positively stained by
smooth muscle actin (SMA), Calponin (Clone CALP, Code M3556,
Dako, Denmark) and CD10 (Figure 2, Clone 56C6, Neomarkers,
USA) however CD68 (MS-397-PCS, Thermo Scientific, USA) was
focal positively stained.

Hasbay et al. Sarcoma of Breast with CD10 Expression

Pan-cytokeratin (Clone AE1/AE3, Genemed, Germany), Desmin
(Clone D33, Dako, Denmark), H-Caldesmon (Clone h-CD, Code
IR054, Dako, Denmark), S-100 protein (Code ZO311, Dako, Den-
mark), p63, HMB45, CD34 (Clone QBEnd-10, Dako, Denmark)
ER (Clone EP1, Code M3643, Dako, Denmark), PR (Clone Y85,
60-0056-7, Genemed, Germany), Cerb-2 (Code A0485, Dako, Den-
mark) were negative. The case was diagnosed with not otherwise spec-
ified-type sarcoma with CD10 expression with these morphological
and immunohistochemical findings. Then the patient was followed-

up at another center.

Case 2

A 38-year-old female was admitted to the department of general
surgery at our hospital with a history of rapidly growing mass in
the upper outer quadrant of right breast within the two months.
The patient gave birth eight months ago. The mass has been first
identified three months ago. At that time the longest diameter of
the lesion was 6 mm at ultrasonography reports. At the second
control the mass was within 35 mm diameter sonographically. The
patient went to core-needle biopsy and the tumor was reported as

a malignant tumor.

Figure 1. Tumor showed hyperchromatic nuclei, apparent nucleoli
and large eosinophilic cytoplasm in diffuse infiltrative pattern (HE
x200)

Figure 3. Tumor showed hyperchromatic- pleomorphic nuclei,
apparent nucleoli and eosinophilic cytoplasm within the tumor
fascicules (HE x200)

in tumor cells

Figure 2. Immunohistochemically CD10-positive
(x200)

Figure 4. Immunohistochemically CD10-positive in tumor cells
(x200)
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The paraffin blocs were referred to our department for re-evaluation.
These blocs showed a tumoral lesion composed of fasciculated spindle
cells with hyperchromatic, pleomorphic nuclei, apparent nucleoli and
eosinophilic cytoplasm in the breast stroma.

Immunohistochemically the tumor was positive for SMA (Clone 1A4,
Code MO0851, Dako, Denmark). Pan-cytokeratin, H-Caldesmon,
S-100 protein, Bcl-2 (Clone 124, Code IR614, Dako USA), CD34,
ER, PR and Cerb-B2 were negative.

The patient was diagnosed with malignant spindle cell tcumor with the
morphologic and immunohistochemical findings. Metaplastic carci-
noma, breast sarcomas and malignant phyllodes tumor were consid-
ered within the differential diagnosis.

Magnetic Resonance Imaging (MRI) of the breast showed a subcu-
taneously located malignant lesion within a 5x6 cm diameters in the
upper outer quadrant of the right breast. The tumor showed restricted
diffusion. There were axillary lymph nodes with asymmetric cortical
thickening.

The patient went mastectomy. Macroscopic evaluation showed a hard
and solid mass measured at 6x5.5x4.5 cm diameters in the upper outer
quadrant of the mastectomy specimen. The mastectomy specimen was
weighted at 495 gr with 22x14 cm diameters.

The histologic evaluation of the tumor showed hyperchromatic- pleo-
morphic nuclei, apparent nucleoli and eosinophilic cytoplasm within
the tumor fascicules and necrotic areas (Figure 3). 10 High-power
fields presented 19-20 mitotic activity.

Immunohistochemically, CD10 (Figure 4), SMA and Calponin was
positive, whereas pan-cytokeratin, CK5/6, HMWCK (Clome 34bE12,
Genemed, Germany), P63 (Clone DAK, Code IR662, Dako, Den-
mark), Desmin, H-Caldesmon, bcl-2, CD34, ER, PR and cerb-b2
were negative with in the tumor.

The case was diagnosed with not otherwise specified-type sarcoma
with CD10 expression with these morphological and immunohisto-
chemical findings. The patient received chemotherapy and radiothera-
py. The patient was alive and healthy at 18" month following surgery.
Patients gave orally informed consent.

Discussion and Conclusion

Primary breast sarcomas are very rare and the most common types
are angiosarcoma and liposarcoma (1, 2). Fibrosarcoma, leiomyosar-
coma, malignant peripheral nerve sheath tumor, rhabdomyosarcoma
and osteosarcoma can be seen less frequently (2, 9).

Recently, not otherwise specified undifferentiated breast sarcoma
(NOS) characterized by myoepithelial markers was identified among
some of the CD10 expressing cases (1, 6-8). Patients are commonly
presented with painless hard masses. They are common among 45-55

years.

Radiologically breast sarcomas can be seen as irregular or oval shaped
masses at both mammography and MRI. Breast sarcomas are origi-
nating from the interlobular mesenchymal elements supporting the
breast stroma.

For instance, angiosarcoma is originated from endovascular cells; how-
ever, clarifying the origins of bone and cartilage containing tumors

is hard. This is because the breast does not contain these tissues (8).
Recently published studies showed that sarcomas are originating from
the primitive cells with the totipotential differentiation capacity. Some
studies suggested that CD10 is a good marker to monitor the stem
cells in breast carcinoma particularly precursors of metaplastic carci-
nomas (5).

Metaplastic carcinomas that originating from the stem cells show two
types of differentiation from epithelium and myoepithelium. However,
NOSCD10 sarcomas are believed to be differentiated to mesenchyme
and myoepithelium (5, 8). Because the immunophenotype of NOS
type sarcoma with CD10 expression suggests that these neoplasms
represent a mammary sarcoma variant with myoepithelial features (8).

If a spindle cell malignant lesion is identified in a breast, MC and/or
MPT should be first come to mind in the differential diagnosis rather
than a sarcoma. Undifferentiated mammary sarcoma or not otherwise
specified sarcoma with CD10 expression is an exceedingly rare and
diagnosis is made after exclusion of all other malignant cell tumors (for
example: Metaplastic carcinoma, malignant phylloides tumors, spindle
cell sarcoma, leiomyosarcoma, fibrosarcoma) in the breast (6).

Axillary lymph node dissection should be added in the treatment of
particularly the MC due to the tendency of MC to lymphatic dissemi-
nation. Thus, NOS CD10 positive sarcomas and other breast sarcomas

should be differentiated from MC (1).

Studies showed that axillary lymph node dissection is unnecessary in
the treatment of breast sarcomas (9). Invasive breast carcinomas and/
or in-situ carcinoma areas should be searched with multiple samplings
to show the presence of spindle cell lesion that is made of pure spindle
cells or mixed with epithelial components (squamous or glandular) or
not. A large cytokeratin panel should be performed in tumors con-
taining pure spindle cells.

Malignant phyllodes tumors should be differentiated from breast sar-
comas. The presence of benign epithelial component or leaf like struc-
ture supports the diagnosis of phyllodes tumors. A lot of sampling
should be needed. However, patient history should be questioned care-
fully because apparent stromal growth occurs in high grade or recur-
rent phyllodes tumors.

Particularly, MPT’s can show the positivity of CD10, SMA and Vi-
mentin. For this reason, differential diagnosis should be made with
CD34 and BCL-2 positivity with immunohistochemical staining (1,
3, 10). In our cases CD34 and BCL-2 were negative and epithelial
component cannot be seen in multiple samples.

Not otherwise specified-type sarcoma with CD10 expression shows
similarity with leiomyosarcoma and sarcomatoid type metaplastic car-
cinoma histomorphologically among specific sarcomas of breast.

Immunohistochemically, CD10 was negative in leiomyosarcoma or it
can show positivity in focal areas and at least one of SMA as well as
also desmin or h-Caldesmon is positive. However, CD10 is strongly
positive, desmin and h-Caldesmon is negative in ‘not otherwise spec-
ified-type’ sarcoma (1, 8) . In both of our cases, CD10 was positive,
while desmin and h-Caldesmon were negative.

In metaplastic carcinomas, multiple sampling as well as a large cyto-
keratin immunohistochemical panel should be performed. In both of

our cases, p63, CK7, CK5/6 and HMWCK are negative.



The primary treatment of breast sarcomas is surgery. The role of radio-
therapy and chemotherapy is not clear in the treatment strategies (9).
The treatment protocol of the CD10 positive sarcomas will be clarified
in the future with the increased number of defined cases. Thus, it
should be kept in mind in the differential diagnosis.

The molecular studies to clarify the origins of NSCD10 tumors should
be performed together due to the closed relationship between MC, PT
and NSCD10.

Although, NOSCD10 sarcomas are proposed to be originating from
the primitive stem cells and showing mesenchymal and myoepithelial
differentiation, histopathogenesis is still unclear.

As a result, not otherwise specified-type sarcoma with CD10 expres-
sion should be taken into consideration in the presence of not diag-
nosed and not specified tumors and CD10 should be added to the
immunohistochemical panel.
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Tuberculosis Mastitis: Fever of Unknown Originin a
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ABSTRACT

Tuberculous mastitis is a rare presentation of tuberculosis, which is a major health problem in kidney transplant recipients due to its high
incidence and prevalence, and difficulty in diagnosis as well as high risk of morbidity and mortality. In daily practice, physicians may
frequently be led to a misdiagnosis such as breast carcinoma or abscess. We believe it is crucial for clinicians to recognize this important
presentation of the disease. Therefore, we present a case of tuberculous mastitis in a kidney transplant recipient who was admitted with fever
of unknown origin and successfully treated using standard anti-tuberculosis therapy without any complications.
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Introduction

Tuberculosis (TB) is a major health issue in kidney transplant recipients due to its high incidence and prevalence and difficulty in diagnosis
as well as high risk of morbidity and mortality, especially in developing countries. The incidence of tuberculosis is estimated to be 20-74
times higher in kidney transplant recipients than the general population. Beyond the high incidence, atypical presentations and organ
involvements are also frequent in these patients (1, 2).

Tuberculous mastitis is one of those rare presentations of TB accounting for less than 1% of all breast diseases in developed countries,
however, its incidence is higher in developing and undeveloped nations where TB is endemic (3-5). It usually occurs as a lump on the
central or upper outer quadrant of the breast. Owing to this location and scarce nature of the disease, clinicians may frequently be led to
a misdiagnosis such as a breast carcinoma or abscess (6). Here, we present a case with the fever of unknown origin in a kidney transplant
recipient due to tuberculous mastitis.

Case Presentation

A 59-year-old female kidney transplant recipient was admitted with a high fever, loss of appetite and weight loss which had been present
for 3 months. The renal transplantation was performed from a living related donor 8 years ago and renal functions remained well on a
triple immunosuppressive regimen including tacrolimus, azathioprine and prednisolone. On admission, her body temperature was 38.5
°C. Remaining of the examination did not point to a source of infection: No lymphadenopathy was noted, lungs were clear to ausculta-
tion, heart sounds were regular without, and her abdomen was not tender.

A laboratory workup revealed a C-reactive protein level of 86 mg/L and an erythrocyte sedimentation rate of 56 mm/h. Blood and
urine cultures were drawn and broad-spectrum antibiotics were initiated. Computed tomography of the thorax and abdomen revealed
no abnormalities. However, during the examination of the left breast, a tender mass with a 1-cm diameter was noticed. Magnetic
resonance imaging (MRI) of the breast demonstrated that this lesion was consistent with an abscess (Figure 1). Acid-fast bacilli were
present in the sample obtained from the lesion. The patient was started on an empirical anti-tuberculosis treatment regimen with
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Figure 1. T2-weighted axial MRI image demonstrates a high signal-
intensity area in the lower outer left breast at anterior depth

isoniazid, rifampicin, pyrazinamide, and ethambutol with the diag-
nosis of tuberculous mastitis (7-10). Tissue cultures were positive for

Mycobacterium tuberculosis.

The treatment was well tolerated, and her fever dissolved after 10 days
of treatment. At the end of the 12-month treatment period, the lesion

completely disappeared.

Written informed consent was obtained from the patient for publica-
tion of this case report and any accompanying images. A copy of the
written consent may be requested for review from the corresponding
author.

Discussion and Conclusion

Tuberculosis is one of the most important opportunistic infections in
kidney transplant recipients (2). It is more common in patients with
kidney transplants when compared to other solid organ transplant re-
cipients who have milder immunosuppressive treatment regimens and
longer average lifespan (2).

It is even harder to diagnose tuberculosis in solid organ trans-
plant recipients because of atypical presentations in this group
of patients, and increase in negative results of tuberculin skin
tests, interferon-gamma release assays, and examinations with
Ziehl-Neelsen stain (2). In this particular instance, it should be kept
in mind that tuberculous mastitis can mimic breast cancer and other
causes of non-tuberculosis granulomatous mastitis (5). Tissue culture
and Ziehl-Neelsen staining still remain as gold standards of diagnosis
in tuberculous mastitis (6). However, tuberculosis bacilli are isolated
in 25% of the cases with tuberculous mastitis, and acid-fast bacilli are
seen in only 12% of the cases (7, 8). Thus, in the absence of microbio-
logic verification, the presence of a caseous granuloma may be helpful

for diagnosis (7, 8).

Tuberculous mastitis should be treated using guidelines for pulmonary
tuberculosis given the absence of specific guidelines for breast tubercu-

Saribeyliler et al. Tuberculosis Mastitis

losis (10-12). European kidney transplantation guidelines recommend
an initial treatment for 2 months using a regimen containing isoniazid,
rifampicin, and pyrazinamide (with the addition of ethambutol when
dealing with strains showing resistance to isoniazid), which will be fol-
lowed with isoniazid and rifampicin for an additional 4 months (10-
12). Treatment duration is recommended to be extended to 12, even
18 months in immunosuppressed patients based on the studies which
showed no recurrence in patients treated for 12 months (10-12). Also,
a 9-month therapy was reported with greater mortality (12). Consid-
ering these findings and immunocompromised status of our patient,
anti-TB treatment was given for 12 months to prevent further relapses.

Maintenance of therapeutic drug levels is an important aspect of tu-
berculosis treatment. Rifampicin reduces blood levels of tacrolimus,
cyclosporine, sirolimus, and everolimus (13, 14). Even with proper
monitoring, combining rifampicin and tacrolimus increases the fre-
quency of graft rejection and graft loss, and overall TB related mortal-
ity (13, 14). We increased tacrolimus doses 3 times throughout the
treatment period monitoring drug trough level twice a week, and no
complications were observed in terms of maintaining an adequate im-

munosuppressive state thereby preserving graft function.

In conclusion, we have presented a case of tuberculous mastitis in a
kidney transplant recipient who was admitted with fever of unknown
origin and successfully treated using standard anti-TB therapy without

any complications.
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Corrigendum 10.5152/ejbh.2019.260992

Corrigendum

Following the publication of the article by Ozmen et al., entitled “Breast Cancer in Turkey; An Analysis of 20.000 Patients
with Breast Cancer” (Eur J Breast Health 2019; 15: 141-146. DOI: 10.5152/ejbh.2019.4890) that was published in the July
2019 issue of the European Journal of Breast Health, authors noticed that the data presented in Table 1 was incorrect. These
errors were corrected in the online version of the article.

The aforementioned article can be accessed via the following link:

https://www.eurjbreasthealth.com/sayilar/60/buyuk/141-1461.pdf
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