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Idiopathic Granulomatous Mastitis: Overview and Imaging

Findings

©® Zeycan Kiibra Cevval, ® Baki Hekimoglu

University of Health Sciences Turkey, Diskapi Yildirim Beyazit Training and Research Hospital, Clinic of Radiology, Ankara, Turkey

Idiopathic granulomatous mastitis (IGM) is a benign inflammatory breast disease characterized by non-caseating granulomas in the lobules of breast tissue.
IGM primarily affects women of childbearing age. The actual prevalence of IGM is unknown although it is considered rare. Although the exact cause remains
unclear, various triggers, such as autoimmunity, hormonal factors, and infectious agents, are believed to play a role in its pathophysiology. Imaging techniques,
particularly ultrasound (US) and mammography, play vital roles in the preliminary diagnosis. The most common imaging findings are focal asymmetry on
mammography and hypoechoic lesions that tend to coalesce and form tubular extensions on US. Advanced imaging techniques, including elastography
and magnetic resonance imaging, can aid in diagnosis, although none of these findings are pathognomonic, necessitating histopathological evaluation for
definitive diagnosis. Unlike infectious mastitis, antibiotics are not recommended for the treatment of IGM unless there is an accompanying bacterial infection.
IGM should be considered in patients with mastitis that does not resolve despite prolonged antibiotic treatment. Corticosteroids are an effective first-line
therapy for patients with histopathologically proven symptomatic IGM. Accurate diagnosis and treatment are crucial because of the potential for IGM findings
to be mistaken for malignancy. This review discusses the general characteristics and imaging findings of IGM based on the current literature.

Keywords: Idiopathic granulomatous mastitis, ultrasound, mammography, magnetic resonance imaging, breast elastography, differential diagnosis

Idiopathic granulomatous mastitis (IGM), also known as non-puerperal
mastitis or granulomatous lobular mastitis, was first described in 1972 by
Kessler and Wolloch." IGM is a rare, chronic, inflammatory benign breast
disease. This condition predominantly affects women of childbearing
age, particularly in developing countries, and often occurs postpartum
or during lactation.?* Although the etiology of IGM remains unclear, it
has been suggested to be associated with autoimmune processes.>>®

Clinically, IGM presents with symptoms such as pain, inflammation,
erythema, and a palpable mass, with the latter being the most common.
The clinical and radiological features of IGM often overlap with those of
breast cancer and various benign inflammatory breast diseases, leading
to frequent misdiagnosis and delayed treatment.

Ultrasound (US) and mammography play significant roles in the
diagnosis of IGM. However, due to the non-specific nature of imaging
findings, definitive diagnosis generally requires histopathological
evaluation and exclusion of other conditions.”

There are various treatment options for IGM, including surgical
resection, abscess drainage, steroids, methotrexate, and watchful
waiting. However, no consensus has been established on the optimal

treatment approach, which is often based on clinical experience and
tailored to the patient and the severity of the disease.?

This review discusses imaging findings, pathophysiology, clinical
presentation, and treatment approaches for IGM based on the current
literature.

Etiology and Pathophysiology

In the pathophysiology of IGM, it is proposed that damage occurs in the
ductal epithelial cells of the breast for various reasons. This damage
leads to the leakage of luminal secretions into the lobular stroma of
the breast, which subsequently triggers a local inflammatory response
induced by the migration of macrophages and lymphocytes to the area,
followed by the formation of a granulomatous reaction.’

Since the exact cause of IGM remains unclear, most cases are termed
“idiopathic”. However, it is believed that certain “environmental stimuli”
can trigger an inflammatory granulomatous reaction, primarily in
genetically predisposed individuals. There are three hypotheses that are
thought to be responsible for the pathogenesis of IGM: autoimmunity,
infection, and hormonal disorders.” Additionally, alpha-1 antitrypsin
deficiency, oral contraceptives (0Cs), smoking, breastfeeding, and
pregnancy are considered potential predisposing factors. The presence
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of multiple predisposing factors is believed to further exacerbate the
disease.®

The effectiveness of immunomodulatory drugs, such as steroids and
methotrexate, in treating IGM supports the autoimmune theory."
Furthermore, some studies have found positive anti-nuclear antibodies,
rheumatoid factor, and elevated serum levels of interleukin (IL)-17, IL-
22,and IL-23 in patients with IGM."™

Another hypothesis regarding the pathogenesis of IGM is infectious
processes. Corynebacterium bacteria have been isolated from IGM
cases, suggesting a possible role in the disease.” However, since these
bacteria are also part of the normal skin flora of the breast, it remains
debated whether the bacteria found in samples from IGM cases are
contaminants or pathogens.®'®

Hormonal factors, such as hyperprolactinemia, are believed to be
responsible for IGM recurrence and prolonged disease duration.?
Pituitary adenomas and selective serotonin reuptake inhibitors that
increase prolactin levels have also been implicated. Although it has
been proposed that elevated prolactin levels lead to increased milk
secretion and ductal damage, resulting in the leakage of milk secretions
into the stroma and subsequent inflammatory reactions, this theory has
not been definitively proven.”®

IGM typically appears within 5 years postpartum and is associated with
breastfeeding, with an average onset age of 33-38 years."

Gurleyik et al.?" reported that 15 out of 19 IGM patients had a history of
breastfeeding, while Azizi et al.?* found that 90.7% of 474 IGM patients
had a history of pregnancy, and 82.7% of these patients had breastfed.
Although pregnancy, childbirth, and breastfeeding are strongly
associated with IGM, the disease is also observed in men and women
aged >80 vyears, indicating that these factors are not fundamental
pathogenic factors.®

0Gs, similar to hyperprolactinemia, have been suggested as potential
factors for IGM pathology because of their role in increasing breast
secretion. Some studies have found varying percentages (21-42%) of OC
use among IGM cases?"??, whereas other studies have not demonstrated
a significant relationship.?

In our opinion, since IGM is more frequently observed in developing
countries, studies with large sample sizes are often conducted in such
populations. However, the lower rates of smoking and OC use in these
countries compared with the Western countries may lead to misleading
results regarding potential factors.

Clinical Findings

IGM most commonly presents in women aged 30-45 years with a
unilateral, palpable breast mass of varying sizes (1-20 cm). It can occur
in any quadrant of the breast, but it is most frequently reported in the
upper outer quadrants.?* The palpable mass may be accompanied by
skin manifestations such as erythema, nipple retraction, and a peau
d’orange appearance. In chronic and severe cases, abscess formation,
ulcerative appearance of the skin, and purulent discharge through sinus
tracts extending to the skin may occur.® Additionally, ipsilateral axillary
lymphadenopathy may be present in some cases.

Due to its presentation with a breast mass and skin changes, the
differential diagnosis of IGM can be challenging, even with the use
of mammography, US, magnetic resonance imaging (MRI), and
other imaging modalities, to distinguish it from inflammatory breast
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cancer (IBC). Furthermore, although rare, breast tuberculosis should
be considered in the differential diagnosis. However, the presence of
concomitant pulmonary findings in tuberculosis, the demonstration
of caseous necrosis on histopathological examination, and the
involvement of breast ducts can help rule out IGM.?> Ultimately, because
IGM is rare and its clinical findings are not specific, imaging findings and
histopathological examination are required for diagnosis.

Imaging Findings

In the presence of a palpable breast mass, as observed in IGM, the
accepted approach is to perform US for patients under 40 years of age
and mammography for patients over 40 years of age.” Additionally,
advanced imaging techniques, such as elastography and tomosynthesis,
are used in clinical practice. When US and mammography are
insufficient, MRI plays a significant role in demonstrating disease extent
and detecting active inflamed tissue remnants that may be obscured by
edematous tissue.

Mammography

Various mammographic findings of IGM have been described, but none
are pathognomonic. A review of the literature revealed that the most
commonly encountered mammographic findings are irregular and
poorly defined masses with focal asymmetry (Figure 1). However, it
should be noted that no pathology may be detected on mammography
in patients with dense breast tissue or mild symptoms in the initial
Stage.19,26,27

Additional mammographicfindingsincluded axillary lymphadenopathy,
focal skin thickening or edema, and nipple retraction (Figure 2). Similar
findings were observed in IBC; however, in cancer, edema involves a
larger portion of the skin, whereas in IGM, focal edema affects a smaller
area of the skin.?®

In the mediolateraloblique (MLO) (a) and craniocaudal (b)
mammographic images of a 45-year-old female patient presenting with
palpable mass and breast tenderness, an irregularly and poorly defined
nodular opacity (arrows) is observed in the lower central quadrant.
Additionally, the MLO view reveals a nodular appearance of a reactive
intramammary lymph node (thin arrow) in the upper half (correlated
with ultrasound). Pathology results reported “granulomatous mastitis”

(From the archives of Prof. Dr. Irmak Durur Subasi)
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In the left breast craniocaudal (a) and mediolateraloblique (b)
mammograms of a 39-year-old female patient, focal asymmetries are
observed, with several irregularly defined nodular densities tending to
coalesce, the largest in the upper outer quadrant (arrows). Associated
skin thickening/edema around the areola is also present (arrowhead).
Core needle biopsy pathology results indicated “granulomatous lobular
mastitis”

Calcifications are not typical mammographic findings in IGM.
Fazzio et al.? proposed that calcifications might be a rare finding
in granulomatous mastitis, based on a case with segmental coarse
heterogeneous calcifications. Additionally, there have been reports in
the literature in which microcalcifications associated with synchronous
breast cancer were masked during the active phase of IGM but were
detected in follow-up mammograms after treatment. These findings
suggest that post-treatment mammography is beneficial in avoiding
missing synchronous cancer lesions once breast pain or tenderness
subsides. >3

In conclusion, although mammographic findings may raise suspicion
of IGM, no pathognomonic features allow for a definitive diagnosis.
Correlations with other radiologic modalities and histopathologic
sampling are necessary for a definitive diagnosis.

Ultrasound

Regardless of age, US is the primary imaging modality for patients with
symptoms of mastitis. US is also frequently used in IGM for image-
guided biopsies and intralesional steroid treatment because of its
nonradiative nature.

Although the sonographic appearance of IGM varies greatly, the most
frequently reported finding is irregularly shaped hypoechoic lesions or
masses with or without tubular extensions. The tubular extension and
coalescing tendency of the lesions describe the reticular appearance
of the disease spreading around the lobules.”?”323 The orientation
of lesions is almost always parallel to the skin.>* On Doppler US, the
lesions and surrounding tissues exhibited hypervascular characteristics
(Figure 3).%3 In the advanced stages of the disease, breast abscesses can
develop, with reported prevalence in the literature ranging from 6.6%
to 54.0%.%9323

Auxiliary US findings for the diagnosis of IGM include skin thickening
and subcutaneous fat tissue edema, increased echogenicity of
subcutaneous fat tissue secondary to inflammation, and reactive
axillary lymphadenopathy with preserved fatty hilum and thick cortex.
The frequency of these findings varies across studies, 219333536
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Ultrasonographic images from three different patients
diagnosed with idiopathic granulamatous mastitis. The first image (a)
shows irregular hypoechoic lesions interconnected by tubular extensions
(arrows) and increased echogenicity of fat tissue due to inflammation.
The images (b) and (c) display polygonal-shaped irregular hypoechoic
lesions with vascularization on doppler imaging (arrowhead), extending
towards the skin (thin arrow). The image (d) shows a hypoechoic round
abscess focus (circled) with peripheral vascularization in the advanced
stages of the disease

(From the archives of Prof. Dr. Irmak Durur Subasi)
Elastography

Elastography is an innovative complementary imaging technology that
enhances the diagnostic capabilities of B-mode US by evaluating tissue
stiffness. There are two primary types of elastography used to assess
breast lesions: shear wave elastography (SWE) and strain elastography.
Strain elastography is operator-dependent, whereas SWE, which uses
focused radiation forces without manual compression, isindependent of
the operator. Using SWE, color-coded maps (elastograms) based on tissue
stiffness are created, allowing for semi-quantitative measurements.

Studies have shown that SWE is effective in distinguishing benign from
malignant breast lesions and can improve the specificity of traditional
US when using the Breast Imaging Reporting and Data System (BIRADS)
criteria. Elastography plays a crucial role in distinguishing BIRADS
3 from BIRADS 4A lesions in diagnosis.” While clinicians often use
palpation to understand the elasticity of pathological tissues or masses,
sonoelastography provides a more objective method, enabling more
sensitive and specific differentiation between benign and malignant
breast lesions based on stiffness.?®

Various studies have investigated its efficacy in differentiating IGM
from breast malignancies.?**° A recent study by Toprak et al.* explored
the qualitative and quantitative roles of SWE in distinguishing IGM
from invasive ductal carcinoma, obtaining 89% sensitivity and 84%
specificity. Another study by Durur-Karakaya et al.* found that
qualitative and semiquantitative elastography parameters evaluated in
all IGM cases were consistent with the benign criteria. They found that
sonoelastography revealed low ES and SR values and equal ED for IGM.
Because these are all features of benign breast lesions, sonoelastography
may be a valuable technique for the diagnosis of IGM (Figure 4).

However, Aslan et al.*2 measured the stiffness of lesions in IGM cases
before and after treatment and found no significant difference.
Additionally, Ece et al.* evaluated the feasibility of using elastography
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In a patient diagnosed with idiopathic granulamatous
mastitis, a hypoechoic patchy area is observed on gray-scale ultrasound
(a), and free-hand elastography reveals that the lesion predominantly
consists of soft areas coded in blue (stars). In contrast, malignant masses
typically appear as stiffer structures on elastography

(From the archive of Prof. Dr. Irmak Durur Subasi)

to adjust corticosteroid doses in the treatment of IGM, noting that the
use of SWE may allow for lower corticosteroid dosages. More studies are
needed to demonstrate the value of SWE in predicting clinical response
to IGM.

Magnetic Resonance Imaging

MRI is typically used in specific scenarios where US and mammography
are insufficient for decision-making, to determine lesion extent,
assist with biopsy, and to evaluate auxiliary extramammary findings.
Additionally, MRl is useful for assessing suspicious residual inflammatory
areas. Although MRI is less frequently used compared with US and
mammography, its sensitivity and high positive predictive value make it
a valuable tool 122729304445

IGM MRI findings, like those on US and mammography findings, vary
significantly. When evaluating the MRI characteristics of breast lesions,
the edge features of the lesions are of primary importance. Although
malignant breast lesions typically have spiculated and irregular edges,
benign breast lesions usually have smooth or lobulated edges. IGM is an
exception, as its lesion contours can be smooth, lobulated, or spiculated
despite being benign, necessitating advanced imaging with contrast-
enhanced MRI.*

In MRI, IGM shows focal or diffuse asymmetric signal enhancement and
contrast uptake. The most common pattern observed is hyperintense
signal on T2-weighted images (WI), hypointense signal on T1WI, with
segmental heterogeneity and irregular contrast-enhancing lesions
(Figure 5). Nodular lesions and abscesses can also be observed. The
severity of the inflammatory reaction and the amount of fibrotic content
in IGM vary over time, leading to different MRI findings depending on
the phase. For example, aseptic abscess formation, thought to develop
via an autoimmune mechanism, can be observed in a certain phase
of IGM. IGM lesions show heterogeneous, diffuse, or nodular contrast
enhancement patterns, and peripheral contrast enhancement is
observed in abscesses (Figure 6). Although IGM lesions typically exhibit a
type 1 benign contrast-enhancement pattern in post-contrast dynamic
series, they have occasionally been reported to show a type 3 malignant
contrast-enhancement pattern.”264649

In diffusion MRI, abscess foci in IGM can show diffusion restriction with
low ADC values, necessitating differentiation from malignancy. In MRI
spectroscopy, a choline peak is observed in malignant lesions, whereas

Cevval and Hekimoglu. Idiopathic Granulomatous Mastitis Imaging Findings

this peak is not seen in IGM abscesses.®® Additionally, the peripheral
contrast enhancement pattern of abscesses aids in distinguishing them
from malignancies.

IGM and Differential Diagnosis

IGM is challenging to diagnose due to similarities to malignancies and
other inflammatory breast diseases. Definitive diagnosis is achieved
through clinical history, examination findings, imaging results, and
histopathological examination, making IGM a diagnosis of exclusion.

The primary diseases to consider in the differential diagnosis of IGM are
IBC, infective mastitis, breast tuberculosis, diabetic fibrous mastopathy,
foreign body granulomas, and sarcoidosis (Table 1).”

Post-contrast T1-weighted (TTW) breast magnetic resonance
images of a 38-year-old female patient show a heterogeneous irregularly
shaped area of enhancement in the right retroareolar region (a), one
year after treatment follow-up images of the same patient (b), show
near-complete regression of the findings (thin arrows). The pathology
result confirmed “granulamatous mastitis”

(From the archive of Prof. Dr. Irmak Durur Subasi)

In the dynamic contrast-enhanced magnetic resonance
images of a 30-year-old female patient, diffusion-weighted images
(a) and ADC images (b) show diffusion restrictions in the abscess foci
in the left breast (circled), which appear to be coalescing. In the TTW
pre-contrast (c) and post-contrast series (d), peripheral enhancement is
observed in the abscess foci (arrowhead), along with heterogeneously
irregularly shaped enhancing lesions in other sections. Additionally, a
few reactive lymph nodes are observed in the left axillary tail (arrow)
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Table 1. Typical clinical and imaging-based differential diagnoses for IGM

Demographics and clinical

Diagnosis manifestations Imaging findings Histopathologic features
MG: focal asymmetric density or irregular mass,
- Mainly affects premenopausal and parous | trabecular and skin thickening.
women US: irregular hypoechoic mass with hypoechoic - Lobulocentric non-caseating granulomas
IGM - Palpable mass, mastalgia with or without | tubular extensions. - Negative microbial staining and culture
mild focal skin erythema or draining sinus, | MRI: heterogeneous enhancing T2-hyperintense = results.
history of failed antibiotic treatments mass and/or rim-enhancing lesions with non-
mass enhancement.
MG: skin and trabecular thickening, asymmetric
increased breast density with or without focal
- Mainly affects older women (average age, | asymmetry, irregularly shaped mass, axillary
58 years, as compared with 33 years for adenopathy.
IGM group) us: exten;ive skin thickgning gnd breast T |y e S,
- Skin erythema in at least one-third of the  edema, dilated lymphatics, axillary adenopathy, | 2t s poorly differentiated, with dermal
1BC breast, peau d’orange, asymmetric breast heterogeneous parenchyma with or without

engorgement, onset to manifestation of
symptoms less than 3 months, axillary
adenopathy in approximately 50-85% of
cases.

suspicious or conglomerate masses.

MRI: breast and chest wall edema, streaky

T2 hyperintensity, dilated lymphatics, skin
enhancement, contiguous or coalescent irregular
breast masses with rapid enhancement and
washout kinetics (type 3).

lymphovascular invasion
- No inflammation

Infective mastitis

- Common in females of reproductive age,
but seen in persons of all ages

- Non-cyclical breast pain and/or
tenderness, erythema, fever with or
without abscess

- Clinical unresponsiveness to empiric
antibiotics in the presence of positive
microbial stains and/or cultures suggests an
atypical or resistant organism.

MG: (often not performed): trabecular and skin
thickening, asymmetric increasedbreast density.
US: diffuse or focal skin thickening,

inhomogeneous breast tissue with or without
irregular hypoechoic mass (with or without fluid
collection) (particularly lactation mastitis).

- Abundant leukocytes

- Positive microbial staining and

culture results, with Staphylococcus and
Streptococcus bacteria often seen inspissated
secretions

- Atypical organisms for which additional

staining is required for identification may
be seen

Tuberculous
mastitis

- Seen in endemic areas, high-risk
populations, and persons with a history of
pulmonary tuberculosis (50% of cases)

- Palpable breast mass, axillary

lymphadenopathy, unilateral involvement,
less mastalgia compared with IGM

MG: findings similar to those of infectious
mastitis.

US: heterogeneous hypoechoic irregularmass,
axillary lymphadenopathy with or without fluid
collections.

- Caseating granulomas
- Positive acid-fast or fite staining results

MG: Mamography, US: Ultrasound, MRI: Magnetic resonance imaging, IGM: Idiopatic granulamatous mastitis, IBC: Inflammatory breast cancer

IGM and Arificial Intelligence

Artificial intelligence (Al) is a modern technical discipline rooted in
mathematics and computer science. It focuses on developing theories,
methods, and application systems to simulate and enhance human
intelligence.

Breast imaging offers distinctive features that present valuable
opportunities for Al applications. The BIRADS from the American
College of Radiology, with its well-established and structured
lexicon, is particularly instrumental in advancing Al development
and implementation. BI-RADS provides a standardized system for
terminology, reporting, classification, communication, and medical
auditing across mammography, breast US, and breast MRL>" This
standardized framework is crucial for the growth and assessment of Al
in breast imaging, especially by offering a predefined methodology for
radiologists to interpret imaging studies and map results.>

There are studies in the literature that use Al to distinguish IGM
from breast cancer. In a recent study, deep learning-based automatic
classification systems were found to be reliable auxiliary methods for

24

distinguishing between non-lactating mastitis and malignant breast
tumors, with high sensitivity, accuracy, and specificity.>

Another publication demonstrated that a nomogram combining
radionic and US features exhibited good diagnostic performance in
distinguishing between IGM and IBC, suggesting that it could be used as
a non-invasive diagnostic method.>

Deep Learning Radiomic Nomogram, developed based on radionic and
deep learning features of US images, has been noted to have potential
clinical value in effectively differentiating between mass mastitis (MM)
and IBC. As the system evolves into an autonomous screening system, it
is expected to improve MM diagnosis rates in rural hospitals and reduce
the likelihood of incorrect treatment and overtreatment.®

In another publication, investigating the role of Al in distinguishing
benign inflammatory breast lesions from malignant processes indicated
that Al produced results comparable to radiologists’ US reports for benign
inflammatory diseases and demonstrated high reliability within itself.
These findings suggest that Al could be considered for use in the diagnosis
of granulomatous mastitis and similar inflammatory breast diseases.>
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Treatment

There is no consensus in the literature regarding the treatment of IGM.
Various treatment options are discussed, including surgical resection,
steroids, methotrexate, bromocriptine, colchicine, immunosuppressive
agents, antibiotics, and even conservative follow-up. Currently,
treatment largely depends on the clinician’s or surgeon’s experience
and the severity of the patient’s disease.®>’

Although surgical excision has been widely accepted as the most
common treatment for IGM, it is now considered a last resort due to
the potential for recurrence, cosmetic issues, and the development of
fistulas in the postoperative period.*

In recent years, medical treatment, particularly steroid therapy, has
been recommended as first-line treatment.® Numerous studies in the
literature have shown that oral or local (or combined) steroid therapy
can alleviate preoperative symptoms and can be used as a definitive
treatment option with low recurrence rates. In particular, intralesional
steroid therapy has been compared with other treatment methods
because it reduces the side effects associated with systemic use and
provides targeted bolus therapy. It has been suggested that a quicker
treatment response can be achieved, and even severe cases can be
managed with monotherapy.’**®% The primary adverse effect of
intralesional steroid therapy is skin atrophy.

Studies by Bouton et al.® and Davis et al.® have suggested that a
conservative follow-up approach should be considered, especially in
mild cases. However, some studies reported frequent recurrence in
these cases.®

Additionally, a recent study by Sarkar et al.*®® found that wide local
excision with ductal excision is the best curative treatment for patients
with recurrent disease who do not respond to conservative therapy.

Conclusion

IGM is a benign inflammatory breast disease characterized by non-
caseating granulomas in the lobules of breast tissue. IGM most
commonly affects women of childbearing age. Imaging techniques,
particularly US and mammography, play crucial roles in the preliminary
diagnosis. Advanced imaging techniques, including elastography
and MRI, can assist in diagnosis, although none of these findings
are pathognomonic, necessitating histopathological evaluation for
definitive diagnosis. IGM is a rare but chronic disease that is difficult
to treat and must be definitively diagnosed because of its potential to
be mistaken for malignancies. Therefore, standardized diagnosis and
treatment protocols based on new studies are needed.
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Retrospective Evaluation of Magnetic Resonance Imaging
Findings for BI-RADS 5 Lesions: A 5-year Clinical Experience

® Zeliha Cosgun, ® Emine Dagistan

Bolu Abant Izzet Baysal University Faculty of Medicine, Department of Radiology, Bolu, Turkey

Objectives: This study aimed to evaluate the diagnostic utility of magnetic resonance imaging (MRI) for breast cancer detection, focusing specifically on Breast
Imaging-Reporting and Data System (BI-RADS) 5 lesions. The study investigated the morphological and dynamic characteristics of these lesions using MRI to
identify features associated with malignancy.

Methods: A retrospective analysis was conducted on breast MRI scans performed between January 2019 and December 2023. The study included 120
patients with BI-RADS 5 lesions who underwent biopsy or surgical excision. MRI images were evaluated for breast parenchymal patterns, T2-weighted
signal characteristics, lesion size, location, enhancement kinetics, and morphological features using a standardized protocol. Histopathological results were
correlated with MRI findings.

Results: Among the 120 BI-RADS 5 lesions, 109 were malignant and 11 benign. Malignant lesions predominantly exhibited heterogeneous enhancement
patterns (69.7%) and hypointense T2-weighted signals (56%). Most malignant lesions (82.3%) showed washout enhancement kinetics. Benign lesions, on the
other hand, exhibited predominantly hyperintense T2-weighted signals (63.6%) and heterogeneous enhancement patterns (54.5%). Due to the small number
of benign lesions, statistical comparisons between the malignant and benign groups were limited.

Conclusion: Breast MRI, particularly for BI-RADS 5 lesions, plays a critical role in the detection and characterization of breast cancer. The detailed assessment
of morphological and dynamic features by MRI aids in accurate diagnosis and treatment planning. Understanding these MRI findings will enhance clinical
decision-making and reduce unnecessary surgical interventions in patients with suspicious breast lesions.

Keywords: Breast cancer, magnetic resonance imaging, BI-RADS 5, lesion characterization, dynamic contrast-enhanced MRI

defining tumor boundaries and detecting multifocal or multicentric
disease. Furthermore, MRI can be used to assess the effectiveness of

Breast cancer remains the most frequently diagnosed cancer among the treatment process by monitoring the response to neoadjuvant

women; therefore, early detectionand accurate treatment determination
are of vital importance.’ Identification of early-stage breast cancer
extends patient survival and improves response to treatment. Among
breast imaging methods, magnetic resonance imaging (MRI) is
increasingly used to diagnose breast lesions and determine treatment
approaches."? It holds significant value, especially for high-risk patient
groups and individuals with dense breast tissue, because it provides a
more sensitive and detailed examination.?

Breast MRI is advantageous in diagnosing early-stage malignancies
because it can reveal abnormalities that standard procedures like
mammography and ultrasonography, might not be able to identify.
MRI also assesses the dynamic and kinetic characteristics of breast
lesions, along with providing detailed information about the size,
location, and relationship of the tumor with the surrounding tissues.™*
This information is crucial in surgical planning, particularly in

chemotherapy. Another important application is the detection of occult
breast cancer. Given these contributions, breast MRl has become an
indispensable component of modern breast imaging practices.

The Breast Imaging-Reporting and Data System (BI-RADS) atlas defines
the BI-RADS 5 category as highly suspicious lesions with a probability
of malignancy exceeding 95%. In MRI, these lesions typically appear as
masses with irregular or spiculated margins, heterogeneous internal
structures, and rapid contrast uptake. Accurate assessment of lesions
exhibiting mass enhancement is vital for distinguishing between
malignancy and benignity. Parameters such as shape and margin
characteristics, enhancement homogeneity, presence of septa, and
enhancement kinetics should be evaluated together for a more accurate
diagnosis.*®

Non-mass enhancements on MRI are classified as focal, linear, ductal,
segmental, regional, and multiple regional. The segmental-type
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enhancement pattern is generally interpreted as BI-RADS 5, whereas
the category of other non-mass enhancement patterns is determined
by considering signal characteristics, diffusion properties, and
enhancement features.’

BI-RADS 5 lesions often exhibit a washout pattern on dynamic contrast-
enhanced imaging. This kinetic characteristic is considered an indicator
of angiogenesis specific to malignancies. Additionally, BI-RADS 5
lesions may show signs of invasion into surrounding tissues and exhibit
multifocal or multicentric features. These characteristics, which clearly
reveal the relationship and spread of the tumor with surrounding
structures, are critical in determining surgical planning and treatment
strategies. The detailed imaging capability of MRI facilitates the accurate
and timely diagnosis of lesions with a high probability of malignancy.™*

Rapid assessment and histopathological examination of BI-RADS
5 lesions are necessary. However, benign pathological results can
sometimes be obtained in the BI-RADS 5 category. Surgical excision
is required in cases of radiopathological discordance. To reduce
unnecessary surgical excisions, better characterization of findings with
a high probability of malignancy on MRI is important.

The aim of this study was to examine the morphological and dynamic
characteristics of the BI-RADS 5 category on MRI and to identify the
most robust MRI findings for malignancy.

Methods

This study was approved by the Medical Research Ethics Committee
of Bolu Abant University Faculty of Medicine (decision no: 2024:144,
date: 25.03.2024). Informed consent was obtained from all patients
prior to MRI. Given that the study was conducted retrospectively,
no additional approval was required. Breast MRI scans performed
between January 2019 and December 2023, which were reported
as BI-RADS 5 lesions, underwent retrospective review using a picture
archiving and communication system. The study included 120 patients
who underwent biopsy or surgical excision. Radiological images were
retrospectively evaluated by two radiologists with 16 and 9 years of
experience in breast radiology who were blinded to the pathological
diagnosis. The lesion characteristics were reported based on consensus
agreement.

MRI was performed using the General Electric Signa™ Explorer MR
1.5T closed system device (GE Healthcare, Chicago, Illinois, IL, United
States). Patients were positioned prone, and their breast tissues were
positioned within a dedicated surface breast coil. MRIs were obtained
using axial, fat-suppressed, and fast spin-echo T2-weighted imaging
sequences, along with pre-contrast and post-contrast dynamic axial T1-
weighted three-dimensional, fat-suppressed, fat-spoiled gradient-echo
sequences. During the MRI examinations, a comprehensive assessment
and documentation of various parameters, such as breast parenchymal
structure, signal characteristics of lesions on T2-weighted images,
as well as lesion size, location, enhancement type, shape, margins,
enhancement patterns, and kinetic curve type on dynamic contrast-
enhanced images, were performed.

Histopathological results for lesions that underwent biopsy or surgical
excision were obtained from the hospital information system.

Statistical Analysis

Statistical software (Statistical Package for the Social Sciences 18 for
Windows, IBM Co, Chicago, IL, USA) was used for statistical analyses.

Kolmogorov-Smirnov test was applied to the study variables for
normality analysis. Variables that fit into normal distribution were
determined using one-way ANOVA and expressed as means and standard
deviations. Other variables that did not fit the normal distribution were
expressed as medians (minimum-maximum) and compared using
the Kruskal-Wallis test. Categorical variables were compared between
study groups using the chi-square test and presented as numbers and
percentages. The correlation between study variables was analyzed
using Pearson’s correlation coefficient.

Results

In our study, a total of 120 BI-RADS 5 lesions were included, including
109 malignant and 11 benign lesions. The median age of patients with
malignant lesions was 51 years (32-77), whereas the median age of
patients with benign lesions was 52 years (20-78).

Out of the 109 patients diagnosed with malignant lesions, the breast
parenchymal pattern was categorized as follows: 10 patients (9.2%)
had type A, 27 patients (24.8%) had type B, 36 patients (33%) had type
C, and 36 patients (33%) had type D. Out of the 11 patients diagnosed
with benign lesions, the breast parenchymal pattern was categorized
as follows: 1 patient (9.1%) had type A, 2 patients (18.2%) had type
B, 2 patients (18.2%) had type C, and 6 patients (54.5%) had type D.
Comparison between the two groups could not be performed due to the
small number of benign lesions.

Basal enhancement was observed in a total of 109 patients with
malignant lesions, with minimal enhancement in 2 patients (1.8%),
mild enhancement in 49 patients (45%), moderate enhancement in
33 patients (30.3%), and marked enhancement in 25 patients (22.9%).
Among patients with benign lesions, basal enhancement was mild in
3 patients (27.3%), moderate in 5 patients (45.4%), and marked in 3
patients (27.3%).

In malignant patients, 61 lesions (56%) appeared hypointense and
isointense, and 48 lesions (44%) appeared hyperintense on T2-weighted
images. In benign lesions, 4 lesions (36.4%) were hypointense, while 7
lesions (63.6%) were hyperintense on T2-weighted signals.

In malignant lesions, 1 lesion (0.9%) exhibited a focus, 9 lesions (8.3%)
showed nonmass enhancement, and 99 lesions (90.8%) were in a mass
configuration. In benign lesions, 9 (81.8%) were mass lesions, whereas 2
(18.2%) were nonmass-enhancing lesions.

In malignant lesions, 2 (1.96%) exhibited persistent enhancement, 16
(15.7%) exhibited plateau enhancement, and 84 (82.3%) demonstrated
washout enhancement. The kinetic curve did not optimally evaluate
in 7 non-mass enhancement observed in malignant lesions. In
benign lesions, 3 (27.3%) showed persistent enhancement, 3 (27.3%)
exhibited plateau enhancement, and 5 (45.5%) demonstrated washout
enhancement.

Out of 100 malignant lesions with a mass configuration, 9 were round
(9%), 34 were oval (34%), and 4 were lobulated (4%), while 53 were
irregular in shape (53%). For benign lesions with a mass configuration,
out of 9 lesions, 3 were oval (33.3%), 2 were lobulated (22.2%), and 4
were irregular in shape (44.4%).

Of the malignant lesions with mass enhancement, 13 (11.9%) were
homogeneously enhancing, 76 (69.7%) were heterogeneously enhancing,
1 (0.9%) showed dark internal septations, and 10 (9.2%) exhibited rim
enhancement. For benign lesions, 2 (18.2%) were homogeneously
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enhancing, 6 (54.5%) were heterogeneously enhanced, and 1 (9.1%) had
rim enhancement.

In malignant lesions, 1 lesion (10%) exhibited focal enhancement, 7
lesions (70%) showed segmental non-mass enhancement, and 2 lesions
(20%) exhibited regional non-mass enhancement. For benign lesions, 1
lesion (50%) exhibited segmental non-mass enhancement and 1 lesion
(50%) exhibited regional non-mass enhancement. The MRI findings are
summarized in Table 1.

The pathological types and percentages of the 109 malignant lesions
identified in this study are as follows: invasive lobular carcinoma
accounted for 8.3%, tubular carcinoma for 2.8%, mucinous carcinoma
for 0.9%, and infiltrating ductal carcinoma for the majority (Figures
1, 2), constituting 88.0% of the cases. These findings underscore the
predominance of infiltrating ductal carcinoma among the malignant
lesions studied, highlighting its significant presence in the cohort.
The distribution of these pathological types provides valuable insights
into the breast cancer subtype spectrum observed in the analyzed
population. Among the identified benign lesions, there were 2 cases
of fat necrosis (14.3%), 1 case of granulomatous mastitis (7.1%), 2 cases
of fibrocystic changes (14.3%), 1 case of benign phyllodes tumor (7.1%)
(Figure 3), 3 cases of fibroadenoma (21.4%), 1 case of radial scar (7.1%),
and 1 case of intraductal papillomatosis (7.1%) (Figure 4). Inter-group

Adv Radiol Imaging 2024;1(2):28-32

A 49-year-old female patient presented with a palpable
mass. The mass appeared hypointense on T1-weighted imaging (a) and
hyperintense on T2-weighted imaging (b), with lobulated contours and
an oval shape. There is diffusion restriction in DWI (d, €), and the mass
shows peripheral enhancement (c) and washout in the dynamic series
(f). Histopathological diagnosis of invasive ductal carcinoma

Malignant lesions n (%) Benign lesions n (%)

A 10(9.2) 1(9.1)

B 27 (24.8) 2(18.2)
The breast parenchymal pattern (n=120)

C 36 (33) 2(18.2)

D 36 (33) 6 (54.5)

Minimal 2(1.8) 3(27.3)

Mild 49 (45) 0
Basal enhancement (n=120)

Moderate 33(30.3) 5 (45.4)

Marked 25 (22.9) 3(27.3)

. o Hypointense and isointense words 61 (56) 4(36.4)

T2 signal characteristics (n=120) -

Hyperintense 48 (44) 7 (63.6)

Focus 1(0.9) 0
Lesion type (n=120) Non-mass enhancement 9(8.3) 2(18.2)

Mass configuration 99 (90.8) 9(81.8)

Persistent 2(1.96) 3(27.3)
Kinetic curve type (n=113) Plateau 16 (15.7) 3(27.3)

Washout 84 (82.3) 5 (45.5)

Round 9(9) 0

oval 34 (34) 3(33.3)
Mass shape (n=109)

Lobulated 4 (4) 2(22.2)

Irregular 53 (53) 4(44.4)

Homogeneously 13 (11.9) 2(18.2)

Heterogeneously 76 (69.7) 6 (54.5)
Mass enhancement (n=109) .

Dark internal septa 1(0.9)

Rim 10(9.2) 1(9.1)

Segmental 7 (70) 1(50)
Non-mass distrubition (n=12) Regional 2 (20) 1(50)

Focal 1(10) 0
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comparison could not be statistically performed because of the low
number of benign lesions.

MRI has significant advantages in breast imaging because of its high soft-
tissue resolution for morphological assessment and dynamic evaluation
capabilities, which help determine pathological features associated
with tumor angiogenesis.® In our study, most malignant lesions
exhibited heterogeneous enhancement patterns and were typically
hypointense on T2-weighted signals. Specifically, 56% of the malignant
lesions appeared hypointense and 44% appeared hyperintense on T2-
weighted signals. This finding reflects differences in water content and
cellular density in malignant lesions. In benign lesions, higher rates of
hyperintense structures were observed on T2-weighted signals.

Cosgun and Dagistan. Retrospective Evaluation of BI-RADS 5 Lesions

A washout pattern was observed in 82.3% of malignant lesions,
indicating angiogenesis specific to malignancy and rapid proliferation
of tumor cells. In contrast, benign lesions more commonly exhibited
homogeneous enhancement patterns. Notably, the washout kinetic
model observed in many malignant lesions has been identified as an
important indicator for assessing malignancy potential.” Our findings
are consistent with the characteristic differences between malignant
and benign lesions reported in the literature.>®

It was found that the majority of malignant lesions had a mass
configuration, with 53% having an irregular shape. This finding reflects
the invasive and aggressive nature of malignant lesions, which is
consistent with the literature.?

Our findings highlight the critical role of MRI in the early diagnosis
of breast cancer and in determining appropriate treatment. It was

A 43-year-old female patient presented with a palpable mass. The mass appeared hypointense on both T1-weighted and T2-weighted
magnetic resonance imaging images (a, b) and showed ring enhancement with spiculated contours on post-contrast images (c). Histopathological

diagnosis of invasive ductal carcinoma

A 40-year-old patient presented with an 8-cm palpable mass in the left breast that caused nipple retraction and skin thickening. The mass
appears hypointense on STIR sequence (a), hypointense on T1-weighted imaging (b), and shows heterogeneous enhancement on post-contrast
images (c). Histopathologically, the lesion was a low-grade phyllode tumor

A 45-year-old female patient presented with an irregularly shaped, homogeneously enhancing solid lesion on post-contrast images (a).
Dynamic imaging shows washout in both early and late phase MIP images (b, ). Histopathological diagnosis was intraductal papilloma
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observed that the majority of lesions classified under BI-RADS 5 were
malignant, and their morphological and dynamic characteristics were
instrumental in diagnosis.'*°

Study Limitations

The main limitation of our study was the relatively small number of
benign lesions included in the analysis. This limitation restricted our
ability to perform robust statistical comparisons between benign and
malignant BI-RADS 5 lesions. Future studies with larger sample sizes of
benign lesions are needed to provide more definitive results.

Conclusion

In conclusion, the high-resolution images and dynamic contrast-
enhanced examination methods offered by MRI have once again proven
to be crucial tools for accurately classifying lesions and for surgical
planning. These findings support the broader and standardized use of
MRI in clinical practice. Future larger-scale studies will further validate
the diagnostic accuracy and clinical utility of MRI.
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Massively Invasive Ductal Breast Cancer: Association
Between Mammographic Features and the HER2-enriched
Molecular Subtype

©® Huseyin Aydemir

Erbaa State Hospital, Clinic of Radiology, Tokat, Turkey

Objectives: This study aimed to determine whether there were differences in mammographic characteristics (mass size and margin of the mass) between the
HER2-enriched and non-HER2-enriched molecular subtypes of breast cancer.

Methods: A total of 142 individuals with mammographically verified masses and histopathologically diagnosed invasive ductal breast cancer were detected
(HER2-enriched: n=29; HER2 non-enriched: n=113). Mammographic features related to HER2 molecular subtype were analyzed. According to the TNM staging
criteria, patients with masses on mammography were divided into <2 cm (T1) and >2 c¢m (T2 and T3) groups. The margin characteristics of the mass detected
by mammography were divided into spiculated and nonspiculated groups.

Results: Histopathological sampling was performed on the lesions of 142 patients with breast cancer who had mass lesions associated with invasive ductal
carcinoma on mammography; 29/142 (20.4%) were HER2-enriched and 113/142 (79.5%) were non-HER2-enriched. On univariate analysis; HER2-enriched
molecular subtype rates were significantly higher in tumor size <2 cm [17/60 (28.3%)] than in those >2 cm [12/82 (14.6%)] (p=0.007) and HER2-enriched
molecular subtype rates were significantly higher in nonspiculated lesions [20/61 (32.7%)] than in spiculated lesions [9/81 (11.1%)] (p<0.001). No significant
associations were observed between patients age and HER2-subtypes.

Conclusion: Small tumor sizes and non-spiculated masses were more likely to be HER2 molecular subtype. This study presents a predictive model that
combines tumor size and nonspiculated mass mammographic characteristics. This model has the potential to determine the HER2-enriched subtype of breast
cancer before surgery.

Keywords: Mammography, invasive ductal breast cancer, human epidermal growth factor receptor subtypes

appears to be particularly beneficial for HER2-enriched subtypes.* Breast
cancer radiogenomics investigation identified relationships between
genetic subgroups and imaging abnormalities.> On mammography,
patients with HER2-enriched breast cancer were more likely to show up
with a non-spiculated lump.®

Breast cancer is the primary cause of cancer-related mortality in women
globally, as well as the second leading cause of cancer-related death
in the United States." A highly distinct tumor that contains multiple
subgroups. Based on the immunohistochemical expression of hormone
receptors, these subtypes are commonly divided into four categories:
progesterone receptor-positive (PR+), human epidermal growth factor
receptor 2-positive (HER2+), and estrogen receptor-positive (ER+), which
is defined by the absence of expression of any of the aforementioned
receptors triple-negative breast cancer.?

Clinical studies have shown that mammography screening is associated
with reduced breast cancer mortality. However, screening healthy
individuals is also associated with undesirable effects, such as women
with false-positive results being recalled for additional imaging.
Advocates of more aggressive screening strategies aim to maximize the
benefits of early detection, while advocates of less frequent screening

About 15-25% of breast cancers express human epidermal 2 HER2,
and the status of this receptor is primarily important for selecting the
best course of treatments.> Chemotherapy combined with dual HER2
blockage with lapatinib/trastuzumab or neoadjuvant trastuzumab

aim to reduce false-positive assessments, anxiety, and costs for patients
who will never develop breast cancer. The World Health Organization
has recommended that mammography screening begin at age 40 in
well-resourced settings.”
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The HER2-enriched molecular subtype determines the medications
and treatment modalities are advised. Sometimes sampling artifacts,
tiny biopsy specimens, or inoperability make it impractical to obtain
enough tissue for examination prior to therapy initiation. In this
situation, our study will be useful for decision-making. As a result, we
aimed to explore the relationships between the HER2-subtype and
mammographic features.

Methods

Ethics committee approval was obtained from the Erzincan Binali
Yildinnm University, Mengiicek Gazi Training and Research Hospital
Research Committee (number: 2023-9/3, session: 3, date: 09.03.2023)
for this study, and the Helsinki principles were adhered to during the
study. Because of the retrospective study design, no additional informed
consent forms were obtained from the patients. Between January 2018
and January 2023, patients with histopathologically confirmed invasive
ductal breast cancer were screened from the institutional database. A
total of 142 patients with mass lesions on mammography were included
in the study. Mammographic characteristics (mass size and margin of
the mass) and histopathological information (HER2-enriched molecular
subtype and non-HER2-enriched molecular subtype) of the patients
were recorded. The study included patients of all ages.

A consensus was reached after two radiologists who were blinded to the
histological characteristics evaluated the mammography images for this
study. The margin characteristics of the mass detected in the patients
mammography were divided into spiculated and nonspiculated
groups based on previous studies.5" Lesions with lines radiating from
their edges are called spiculated masses. If the lesion margins were
circumscribed, microlobulated, obscured or indistinct were called non-
speculated.

According to the TNM staging criteria, patients with masses on
mammography were divided into <2 cm (T1) and >2 cm (T2 and T3)
groups.

The tumor pathology reports of the patients were reviewed. The
pathology reports were recorded as HER2-enriched and non-HER2-
enriched molecular subtypes.

Statistical Analysis

The chi-square test (using Statistical Package for the Social Sciences
software, version 15.0) was used to evaluate the correlation of
HER2-enriched molecular subtype status with age and pathologic
characteristics. Differences between breast cancers with and without
HER2-enriched molecular subtypes were determined using the chi-
square test, as well as univariate and multivariate binary logistic
regression analyses. P<0.05 was considered statistically significant.

Results

As a result of histopathological sampling of the lesions of 142 breast
cancer patients who had mass lesions related to invasive ductal
carcinoma on mammography; 29/142 (20.4%) were reported as HER2-
enriched and 113/142 (79.5%) were reported as non-HER2-enriched.

On univariate analysis, HER2-enriched molecular subtype rates were
significantly higher in tumor size <2 cm [17/60 (28.3%)] than in those
>2 cm [12/82 (14.6%)] (p=0.007) (Table 1).

On univariate analysis, HER2-enriched molecular subtype rates were
significantly higher in nonspiculated lesions [20/61 (32.7%)] than in
spiculated lesions [9/81 (11.1%)] (p<0.001) (Table 2).

Our results showed that small tumor sizes and non-spiculated masses
were more likely to be HER2 molecular subtype.

No significant associations were observed between patient age and
HER2 subtype (Table 3).

Table 1. Association between tumor size and HER2 subtypes

Chi-square
Tumor size Non-HER2 enriched n (%) HER2 enriched n (%) Whole population (n) b vaI:e
<2cm 43 (71.7%) 17 (28.3%) 60

0.007*
>2 cm 70 (85.4%) 12 (14.6%) 82

HER: Human epidermal growth factor receptor, n: Number, %: Percentage, *: Statistical significance

Table 2. Association between mass margin and HER2 subtypes

. . . . Chi-square
Margin of mass Non-HER2 enriched n (%) HER2 enriched n (%) Whole population (n) o vaI:e
Spiculated mass 72 (88.9%) 9 (11.1%) 81

. <0.001*
Non-spiculated mass 41 (67.3%) 20 (32.7%) 61

HER: Human epidermal growth factor receptor, n: Number, %: Percentage, *: Statistical significance

Table 3. Age distribution of the HER2 subtypes

Chi-square
Age Non-HER2 enriched n (%) HER2 enriched n (%) Whole population (n) Iq

p value
<35 7 (87.5%) 1(12.5%) 8
35-69 101 (78.9%) 27 (21.1%) 128 0.751
>70 5 (83.3%) 1(16.7%) 6
HER: Human epidermal growth factor receptor, n: Number, %: Percentages
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Discussion

The molecular characterization of breast cancer has led to a better
understanding of the disease. Anti-HER2-targeted medicines have
greatly improved the HER2-subtype, which has been associated with
poor prognosis in seminal studies on cancer genetics."> An analysis of
prior data indicated that compared with female patients with HER2-
negative breast cancer, those with HER2-positive breast cancer who
were treated with trastuzumab had a markedly better prognosis.'

The spiculation of malignant breast lesions often occurs because
of substantial desmoplastic response. This feature is commonly
observed in invasive breast cancer during mammography and serves
as a valuable criterion for the clinical identification of the disease.®™
Imaging studies have revealed that grade 1 and 2 breast cancers
exhibit a stromal response characterized by a spiculated margin.”™
Mammographic features have the ability to visually represent the
characteristics of the breast tumor phenotype without the need for
invasive procedures.’® Recent studies have shown that masses with
a spiculated margin are more frequently observed in patients with
luminal A subtype than in other subtypes.”'® In addition, Liu et al.®
noted that breast tumors with HER2 overexpression do not have a
spiculated margin although the exact reason remains unclear. Our
study showed that the rates of the HER2-enriched molecular subtype
were considerably greater in nonspiculated than in spiculated
lesions.

No statistically significant correlation between HER2/neu expression
and tumor growth has been shown in earlier research.®? Nevertheless,
our investigation revealed a notable increase in the prevalence of the
HER2-enriched molecular subtype in tumors 2 cm compared with larger
lesions. These findings are consistent with those of Nie et al.*, Bhagat et
al.2, and Almasri and Hamad.*

Study Limitations

Our study has some limitations. This study did not include other
mammographic characteristics, such as microcalcification. It is
appreciated that HER2 overexpression was not observed in most
invasive lobular carcinomas, and invasive lobular carcinomas were
not included in the study. Our study is retrospective, and data were
collected from a single center. On the other hand, the predictive value
of mammographic features was modest.

Conclusion

In conclusion, this study presents a predictive model that combines
tumor size and nonspiculated mass mammographic characteristics.
This model has the potential to determine the HER2-enriched subtype
of breast cancer before surgery. Our study indicated that the tumor
size was 2 cm, and it was more probable for the nonspiculated mass to
belong to the HER2 molecular subtype. Radiologists should purposely
search for this mammography finding to inform referring clinicians of
the presence of this feature.

Ethics

Ethics Committee Approval: Ethics committee approval was obtained
from the Erzincan Binali Yildirim University, Mengticek Gazi Training
and Research Hospital Research Committee (number: 2023-9/3, session:
3, date: 09.03.2023) for this study, and the Helsinki principles were
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Comparison of Breast Magnetic Resonance Imaging and
Mammography Findings in Detecting Ductal Carcinoma
in situ in Preoperative Evaluation

® Mustafa Ozer

Kirsehir Training and Research Hospital, Clinic of Radiology, Kirsehir, Turkey

Objectives: Breast cancer is the most common type of cancer in women, imaging methods have an important role in diagnosis and treatment. Ductal
carcinoma /n situ (DCIS) accounts for approximately 30% of new breast cancer diagnoses. It was aimed to retrospectively compare the sensitivities of breast
magnetic resonance imaging (MRI) and mammography (MG) in detecting lesions in DCIS patients and predicting pathological subgroups of the lesion in the
preoperative period.

Methods: Preoperative MRl and MG examinations of 150 lesions diagnosed with DCIS, with an average age of 59 years, were evaluated retrospectively. In our
study, the sensitivities of MRl and MG were evaluated by comparing them with pathological dimensions. In addition, lesions were divided into pathological
subgroups and sensitivity comparisons were made between imaging methods.

Results: Of the 150 DCIS lesions, 30 (20%) were found solely with MG screening, 15 (10%) were found solely with MRI examination, and the remaining 105
(70%) patients had both MG and MRI detection. While the average size of DCIS was 1.55 cm in 135 mammograms, it was 2.10 cm in 120 MRI examinations.
It was statistically significantly lower in MG (p<0.05). Compared to the histopathological size of 105 cases in which lesions were found to be common in
both examinations, the accuracy of MRl and MG was 0.64 and 0.58, respectively. Data finds MRI more sensitive in detecting DCIS (p<0.05). Pathological
examinations revealed high-grade DCIS in 35 patients (23%) and low- and intermediate-grade DCIS in 115 patients (77%). In the sensitivity comparison between
pathological subgroups, no significant statistical difference was found between the two imaging methods (p>0.05).

Conclusion: MRI detects a slightly larger size than MG, it has a higher sensitivity in detecting DCIS in younger patient groups.

Keywords: Ductal carcinoma in situ, DCIS, magnetic resonance imaging, MRI, mammography

detecting microcalcifications in radiological treatment.® However, MG
has relative limitations in detecting DCIS and assessing tumor size, as
foci of noncalcified DCIS cannot be demonstrated in dense breasts, and
it can sometimes be difficult to distinguish calcifications associated with

Ductal carcinoma in situ (DCIS) is a preinvasive or noninvasive
breast cancer characterized by the proliferation of ductal epithelial

cells confined to the terminal ductal lobular unit.! DCIS accounts
for approximately 30% of new breast cancer diagnoses.? DCIS is a
highly varied set of lesions distinguished by genetic and molecular
abnormalities, histopathologic characteristics, and biologic indicators,
as well as a varying risk of development to invasive disease. Some DCIS
lesions will develop into an aggressive invasive malignancy.’

It is known that the incidence of invasive cancer in previous separation
DCIS is approximately 40%. It may also expand 20% of all breast
cancers.> Therefore, determining the localization and distribution
of DCIS before the operation is very important in approaching the
patient. Mammography (MG) is regarded as the primary approach for

benign histology from malignant calcifications. Failure to appropriately
establish the mass boundaries in patients may result in relapse and
recurrent treatments.”

The research has demonstrated that evaluating mass dimensions
preoperatively with a magnetic resonance imaging (MRI) examination is
highly beneficial. The same is true for people with DCIS, which has been
shown to be more effective than MG. However, there is no standardized
preoperative technique using MRI in DCIS patients.”"

The aim of this study is to investigate the efficacy of pre-operative
breast MRI in assessing DCIS size in contrast to histopathological size, as
well as to compare the accuracy of MRl and MG.
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The Institutional Review Board approved this retrospective study. The
retrospective nature of the decision precluded informed consent.

For this study, ethics committee approval numbered 938/2021 dated
22.12.2021 was received from Ankara Training and Research Hospital
Clinical Research Ethics Committee.

The reports of patients who underwent breast MRI in our hospital were
retrospectively reviewed using the hospital information management
system. Among these patients, those diagnosed with breast cancer
were examined, and those diagnosed with DCIS were included in the
study. During the specified period, 150 patients were diagnosed with
DCIS, forming the study population.

For all patients over, MG exams were conducted using the conventional
craniocaudal and mediolateral-oblique projections (Figure 1).

All patients underwent MRI after conventional examinations to ensure
that there were no disruptions in treatment (Figure 2). A 1.5 T whole
body imaging equipment (Signa Excite, GE Healthcare, Milwaukee,
WI, USA) was used to perform the MRI exams. Using a four-channel
breast coil, the patient’s breast was hung during the prone scan. With
fat suppression, transverse and sagittal plane MRIs were acquired. Pre-
contrast sagittal acquisitions were carried out with a T2-weighted fast
spin-echo sequence, and pre-contrast transverse acquisitions were
carried out using a T1-weighted fast spin-echo sequence and transverse
T2-weighted fast spin echo short tau inversion recovery (STIR) imaging.
Echo array suppressing fat deposits. Pre- and post-contrast sagittal
dynamic imaging, 3D multiphase, VIBRANT (flip angle 10°; minimum
2.4 msec echo duration; maximum 14.0 msec echo time).

Biopsy was recommended for all cases for definitive diagnosis and
treatment planning of the patients. Biopsy examination was performed

Mammography images of a 63-year-old female patient
diagnosed with ductal carcinoma in situ (DCIS). A) In the craniocaudal
view, pleomorphic calcifications clustered in the central area (rectangle)
are observed. B) In the mediolateral oblique view, pleomorphic
calcifications clustered in the upper zone (rectangle) are observed. The
core biopsy from the defined area confirmed a diagnosis consistent with
DCIS
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with sonography in 105 of 150 patients, while 45 patients were marked
with a stereotaxic wire and mammography.

The fourth edition of the MG and MRI breast imaging reporting and
data system (BI-RADS) categories was followed by a radiologist with
seven years of expertise in breast imaging to assess the characteristics.
In the MG examination, the presence of masses, microcalcifications,
and parenchymal distortions were noted. In the examination, the
shape, contour, density and microcalcification morphology of the lesion
were evaluated. In breast MRI examination, parenchymal background
contrast enhancement of fibroglandular tissues and the mass structure
of the lesions were determined in the morphology of the lesions. The
contrast enhancement pattern and distribution of those that did not
have a mass structure were noted.

DCIS was categorized based on nuclear grade (high, intermediate, and
low). Microinvasion is the term used to describe the unfocused spread
of cancer cells into neighboring tissues via the basement barrier.

Statistical Analysis

The study data was analyzed using IBM Statistical Package for the
Social Sciences (SPSS) Inc., Chicago, IL's SPSS for Windows 20. The
normal distribution of the data was confirmed by the Kolmogorov-
Smirnov test. For numerical data that is regularly distributed, the
mean and standard deviation are shown. When displaying data that
does not follow a normal distribution, the median is utilized. Both the
Mann-Whitney U test and the Student’s t-test were used to compare
numerical variables between groups. Statistically significant value of
p<0.05 was used.

Contrast-enhanced breast magnetic resonance imaging
images of a 63-year-old female patient diagnosed with ductal
carcinoma in situ (DCIS). A) A subcentimetric enhancing solid lesion
in the central area of the left breast is observed (arrow). B) In more
superior sections, larger and multifocal enhancing lesions are observed
in the same patient (arrows). The pathological results of these lesions
were consistent with DCIS.
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Results

Of the 150 DCIS lesions, 30 (20%) were found solely with MG screening,
15 (10%) were found solely with MRI examination, and the remaining
105 (70%) patients had both MG and MRI detection (10%, 20%, and 70%,
respectively).

In the MG examination of 150 patients, type D pattern was observed in
15 (10%) patients, type C pattern was observed in 50 (33.3%) patients,
type B pattern was observed in 50 (33.3%) patients, and type A pattern
was observed in 35 (23.3%) patients. In the MG examination, there was a
mass appearance in 25 (16%) of 150 patients, only microcalcification in
95 (63%), microcalcification along with the mass in 10 (7%) patients, and
only parenchymal distortion in the remaining 20 (5%) patients.

Lesions could be visualized in a total of 120 (80%) MRI examinations.
While contrast enhancement without mass effect was observed in 110
(73.3%) patients, MRI examination was observed as false negative in 10
(6.7%) patients.

While the average size of DCIS was 1.55 cm in 135 mammograms, it was
2.1 cm in 120 MRI examinations. It was statistically significantly lower
in MG (p< 0.05).

In the pathological examinations, high-grade DCIS was observed in 35
(23%) patients, and low- and intermediate-grade DCIS was observed
in 115 (77%) patients. There was no microinvasion in 135 (90%) of the
patients. Seventy-four (49%) of the lesions were observed in the right
breast and 76 (51%) were observed in the left breast.

Compared to the histopathological size of 105 cases in which lesions
were found to be common in both examinations, the accuracy of MRI
and MG was 0.64 and 0.58, respectively. MRI showed better accuracy
than MG for younger patients. The current situation was found to be
significant in terms of accuracy in the MRI examination (p<0.05). While
no significant difference was observed in tumor nuclear staging in any
group, it was slightly closer to significance in the middle group (p=0.06).

Discussion

In our study, we investigated the sensitivities of DCIS lesions in MG
and MRI examinations. In our study, lesions were detected in MG
examination in 135 (90%) patients and in MRI examination in 120 (80%)
patients. In this case, unlike the study conducted by Kuhl et al."', MG
examination was found to be more sensitive in detecting DCIS. However,
in our study, while stereotaxic marking was used to guide pathological
diagnosis, breast MRI vacuum biopsy method was not used. This may
indicate that MG is falsely more sensitive.

In our study, microcalcification was detected in 63% of the lesions, while
MRI contrast enhancement causing mass effect was observed in 73%.
While the appearance showed a similar correlation with the literature in
terms of microcalcification, the microcalcification rate was observed to
be lower.">" In our study, MG examination revealed a mass rate of 16%,
microcalcification with a mass rate of 7%, and parenchymal distortion
rate of 13%. These rates are higher than those in the literature.”™ In
MRI examination, the contrast enhancement rate of the lesions was
similar to the literature.'®"

Since DCIS is the early stages of the malignant process, tumor size
may change the treatment process. In our study, MG was able to
detect smaller lesions (2.1 cm versus 1.55 cm). When we look at the
literature, we found that the average size of the lesions detected in MG
examination was lower in the study by Kim et al."®, similar to our study.

This situation was evaluated due to the ability to detect calcification in
MG examination of small lesions.

It is shown in the literature that MRI has a higher accuracy rate in
detecting the lesion and showing its pathological extent.™ In our study,
the relationship between post-pathology size and detectable MRI and
MG sizes was consistent with the literature.™

When the current sources in the literature were evaluated in comparison
with the study by Proulx et al.”, the number of lesions in our study was
almost twice as high (150 lesions versus 79 lesions). Compared to the
study of Proulx et al.”, our MRI and MG lesion detectability rates were
similar. However, contrary to the study conducted by Proulx et al.?, in
our study, the p values regarding MRI sensitivity in tumors diagnosed
as middle-stage pathologically were not significant, although they were
low. The current situation may be due to the lack of homogeneous
distribution of the patient group in our study. As it is known, MRI
examination is sensitive in the diagnosis of DCIS at early ages due to the
low sensitivity of MG in the young group. For this purpose, the cut-off
value can be determined in future studies in DCIS screening according
to age.

Study Limitations

There are several limitations in our study. First, although our patient
population was higher than in the literature, it was performed in a
single center and evaluated retrospectively. Secondly, since subgroups
for the patient population were not performed, the sensitivity of our
study according to age was low. Thirdly, a single radiologist evaluated
the examinations. This may have caused bias in the results. Fourth,
since there is no MRI vacuum biopsy technique in our center, this may
have affected the results.

Conclusion

Although MRI detects a slightly larger size than MG, it has a higher
sensitivity in detecting DCIS in younger patient groups.
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Significance of Shear Wave Elastography and B-Mode
Ultrasound in Assessing Axillary Lymph Nodes in Patients
with Breast Cancer

® Cansu Oztiirk

Atattirk Sanatoryum Training and Research Hospital, Clinic of Radiology, Ankara, Turkey

Objectives: The purpose of this study was to investigate the potential benefits of including shear wave elastography (SWE) testing alongside B-Mode
ultrasonography (US) in identifying morphologic abnormalities in individuals diagnosed with breast cancer involving axillary lymph nodes (ALNs).

Methods: Fifty-seven patients with breast cancer whose ALN spread was investigated were included in this study. Lymph nodes were evaluated using B-Mode
US to determine cortical thickness, absence of fatty hilum, presence of a non-hilar blood supply, and a long axis to short axis ratio greater than two. The same
patients were evaluated using SWE. Following the assessment of SWE, a core biopsy of the lymph nodes was performed using US guidance.

Results: A biopsy was performed in 57 patients. A total of 45 patients exhibited lymph node metastases, whereas the remaining 12 patients exhibited reactive
lymph node hyperplasia. The Emax of the cortex exhibited a higher degree of specificity than the cortical thickness (81.8% vs. 72.7%). The specificity was found
to be equal (90.9%) between the combination of Emax of the cortex and cortical thickness, as well as between at least two B-Mode US characteristics.

Conclusion: In conclusion, SWE is valuable for distinguishing between metastases and reactive hyperplasia in individuals exhibiting suspicious features on

B-Mode US of ALNs.

Keywords: Shear wave elastography, SWE, elastography, sonography, breast cancer, axillary lymph nodes

Breast cancer is a prevalent form of cancer among women worldwide
and is the leading cause of cancer-associated mortality." The evaluation
of recurrences and metastases is frequently conducted through the
investigation of axillary lymph nodes (ALNs).2 The evaluation of ALN
has significant predictive value in the context of breast cancer. The
preoperative ALN status is a crucial benchmark for clinical staging and
the formulation of treatment strategies for breast cancer.?*

Ultrasonography (US) is currently the imaging technique of choice for
evaluating the axilla.> In ALN, the presence of a round ALN, a long-axis-
to-short-axis ratio of 2, cortical thickness of >3 mm, and an obliterated
fatty hilus are indicative of metastatic ALNs.® Axillary US has a sensitivity
ranging from 35% to 82% and specificity ranging from 73% to 97.9%.”#
Despite being an invasive procedure, US-guided core needle biopsy
has demonstrated remarkable sensitivity and specificity for detecting
metastases.”’® Due to the invasive nature of biopsy, a non-invasive
imaging examination is required to predict the presence of metastatic
ALNSs.

US, a non-invasive modality referred to as elastography, can vyield
significant insights into the stiffness properties of lesions.”""? US
elastography has the capability to objectively evaluate variations in
stiffness between benign and malignant lymph nodes.™™ Shear wave
elastography (SWE) has been the subject of numerous studies. Recent
elastographic investigations examining ALNs have revealed that the
precision of subcutaneous US may exhibit variability as a result of
anatomical irregularities inside the axillary cavity, the deep positioning
of the lymph node, and the reliance on the technique by the user.”
Nevertheless, there is a scarcity of research on the identification of
metastatic ALNs in individuals diagnosed with breast cancer.'® Chang et
al.” found that although SWE has limited sensitivity in the evaluation
of ALNs, the simultaneous application of US and SWE was useful for
lymph node evaluation. The determinant is the cortical thickening
of the lymph nodes. Both benign reactive hyperplasia and nodal
metastases often show cortical thickening on US. Several studies have
been conducted to compare the diagnostic efficacy of SWE techniques
with B-Mode US features.'®' Nevertheless, metastatic lymph nodes
frequently have dubious morphological characteristics. Hence, it is our
contention that the integration of SWE with B-Mode US characteristics
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can provide advantageous outcomes in real-world applications.
The primary objective of this study was to investigate the potential
benefits of including SWE testing alongside B-Mode US for identifying
morphologic abnormalities in individuals diagnosed with breast cancer
involving ALNS.

The Erzincan Binali Yildirim University Clinical Researches Ethics
Committee, 16.05.2024, EBYU KAEK 2024.05-1.2356093-113. approved
the study, and informed consent was obtained. The study was initiated
after obtaining written informed consent from the patients.

Study Population

The research was carried out prospectively. The study comprised
individuals who were diagnosed with breast cancer by fine
needle aspiration biopsy and those with suspicious ALNs on US.
The study omitted ALNs that were anatomically deep and suspected of
metastasis due to the absence of a clear evaluation in SWE. Furthermore,
those diagnosed with ALN-producing conditions of non-malignant
nature, such as granulomatous or lymphoproliferative diseases, were
not included in the study. In total, 65 patients with breast cancer were
assessed for potential metastases in the lymph nodes using axillary US-
guided biopsy. Of the 65 patients, eight were excluded from the study
because their lymph nodes were located at a deep anatomical level.

Adv Radiol Imaging 2024;1(2):41-5

Consequently, the study incorporated the remaining 57 individuals for
the purpose of ALN examination.

B-Mode US

All patients were evaluated by a radiology physician with 15 years of
experience in breast radiology using a 3.5- or 5-MHz real-time US device
(Samsung RS85 Prestige, South Korea). Lymph nodes at the axillary level
with diffuse cortex thickening or asymmetrical lymph nodes up to 3 mm
in thickness were considered suspicious for metastasis. Lymph nodes
with increased cortical thickness (>6.7 mm) were selected for B-Mode
US-guided evaluation. Lymph nodes were evaluated using B-Mode US
to determine cortical thickness, absence of fatty hilum, presence of a
non-hilar blood supply, and a long axis to short axis ratio greater than 2.

Shear Wave Elastography

The same patients were evaluated using SWE. localization of the
lymph nodes was observed in the central region of the SWE window
(Figures 1, 2). The probe remained stationary until the color maps
reached a state of stability and photographs were obtained. the
typical range of the elastography map was reduced from 180 kPa
until more challenging regions within the lymph node became visible.
Quantitative SWE features were placed in the hardest regions of the
cortex and hilus. A region of interest (ROI) of T mm was used to analyze
several non-overlapping lymph nodes characterized by a thin cortex

A 57-year-old female patient diagnosed with breast cancer. A) B-Mode ultrasound image of the right axillary lymph node showing focal
mild cortical thickening (arrows) is present. B) Shear wave elastography image of the same lymph node showing no color coding indicative of tissue
stiffening is observed (rectangle). Core biopsy pathological findings indicated a reactive lymph node. Elastographic measurement values are not

numerically presented in this figure

A 54-year-old female patient diagnosed with breast cancer and axillary metastasis. A) In the B-Mode ultrasound image of the left axillary
pathological lymphadenopathy (arrows), findings include diffuse thickening of the cortex, absence of the fatty hilum, and a long-axis to short-axis
ratio greater than two. B) In the shear wave elastography image of the same pathological lymph node, color coding indicative of tissue stiffening is
observed (circle). Elastographic measurement values are not numerically presented in this figure
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and clear hilus. Three ROl values were created using this method, and
the parameter with the highest reading was selected. The parameters
Emax (highest elasticity value), Emin (lowest elasticity value), Emean
(average elasticity value), and ESD (standard deviation of elasticity)
were evaluated in this study.

Biopsy

Following the assessment of SWE, a core biopsy of the lymph nodes was
performed using US guidance. Pathological findings from the biopsied
lymph nodes were utilized as a benchmark to assess the diagnostic
efficacy of B-Mode US and SWE. In this investigation, the pathologist
was unaware of the evaluation outcomes of B-Mode US and SWE.

Statistical Analysis

For data analysis, Statistical Package for the Social Sciences version
20.0 for Windows was used. The normality of the data distribution was
assessed using the Kolmogorov-Smirnov test. Categorical variables were
evaluated using the chi-square test, whereas parametric variables were
analyzed using the Mann-Whitney U test. Additionally, receiver operating
characteristics analysis was conducted to determine the sensitivity and
specificity. In all evaluations, a p value 0.05 was considered statistically
significant.

Results

Table 1 presents the demographic and clinical characteristics of the
57 study patients. The mean age of the 57 patients was 48.1+10.1
years. One of these patients was male, and the others were female.
Twenty-seven (47.4%) of the 57 patients were postmenopausal. Patients
described a palpable breast mass that lasted a mean of 6.0+0.9 months
when they visited the clinic. The upper outer quadrant was the most
common site of breast mass in 33 (57.9%) of the 57 patients. It was
also shown that the luminal subtype was the most common subtype,
affecting 20 (35.1%) patients.

Axillary US and US-guided Biopsy

A total of 312 ALNs, all located on the same side, were identified as
suspects of metastasis using axillary US in a cohort of 57 patients. The
average number of suspicious lymph nodes per patient was 4. Among
the 57 individuals included in the study, 30 (52.6%) exhibited level 1, 19
(33.3%) displayed level 2, 5 (8.7%) displayed level 3, 2 (3.5%) displayed
intermammary lymph nodes, and 6 (10.5%) displayed supraclavicular
suspicious lymph nodes.

A biopsy was performed in 57 patients. A total of 45 patients exhibited
lymph node metastases, whereas the remaining 12 patients exhibited
reactive lymph node hyperplasia.

Diagnostic Performance of the SWE

The elasticity value of the cortex was assessed in 57 ALNs during the
assessments conducted on the ALNs. Similarly, the elasticity value of the
hilus was examined in 37 lymph nodes where the fatty hilus was intact.
In the metastatic lymph nodes, the median values of all parameters
related to SWE (Emax, Emin, Emean, and ESD) were obtained for both
the cortex and hilus. Nodes exhibited a much higher prevalence of
hyperplasia than reactive hyperplasia, as indicated in Table 2.

Table 3 presents the diagnostic efficacy of the max, min, and Emean
values for the cortex. Three indicators possess significant diagnostic
efficacy in differentiating metastatic lymph nodes from reactive

Table 1. Demographic and clinical characteristics of the study group

(n=57)
e Number of patients
n (%)

Age, years, mean+SD 48.1+10.1
Gender

Female 56 (98.3)
Male 1(1.7)
Menstrual status

Pre-menopausal 29 (50.1)
Post-menopause 27 (47.4)
Not applicable (male) 1(1.7)
Symptoms

Breast lump 57 (100)
Mastalgia 12 (21)
Nipple retraction 5(8.7)
Nipple discharge 2(3.5)
Duration of symptoms, months, mean+SD 6.0+0.9
Location of the breast mass (dial)

Upper outer 37 (64.9)
Upper interior 5(8.7)
Lower outer 6(10.5)
Bottom interior 5(8.7)
Central 4(7)

T staging

T2 24 (42.1)
T3 14 (24.5)
cT4b 16 (28)
cT4c 3(5.2)

N staging

N1 36 (63.1)
cN2a 8(14)
cN3a 6 (10.5)
cN3b 2(3.5)
cN3c 5(8.7)

M staging

B.C 49 (85.9)
M1 8 (14)
Histological subtype

Invasive carcinoma 54 (94.7)
Mucinous carcinoma 3(5.2)
Molecular subtype

Luminal 22 (38.59)
HER2/neu 15 (26.3)
Basal 20 (35)
SD: Standard deviation
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metastatic from reactive hyperplasia, were 14.9, 12.2, 13.3, and 1 kPa,
respectively. Owing to the obliteration of the fatty hilus in some ALNs,
the diagnostic power of SWE could not be fully evaluated in all ALNs.

hyperplasia. Although the area under the curve (AUC) was maximum
for max, the difference between Emin and Emean was not significant

(p=0.73 and p=0.40, respectively). The optimal threshold values for max,
min, mean, and ESD of the cortex, which can effectively differentiate

Table 2. Comparison of quantitative shear wave elastography parameters and B-Mode ultrasound features of lymph nodes according to

pathological status (n=57)

Nodal status at the core biopsy
Parameter p value
Metastasis Reactive hyperplasia
SWE of the cortex n=45 n=12
Emax (kPa) 25.1 (13.8-44.7) 12.9 (11.2-15.3) 0.001
Emin (kPa) 21.45 (11.2-37.1) 10.5 (8.2-10.9) 0.002
Emean (kPa) 24.15 (13.5-42.7) 11.9 (9.2-12.8) 0.001
ESD (kPa) 1.7 (1.4-2.4) 0.95 (0.87-1.9) 0.03
SWE of the hilus n=27 n=10
Emax (kPa) 31.9 (18.8-44.6) 14.9 (9.5-18.1) 0.004
Emin (kPa) 29.5(17.1-41.2) 8.5 (8.4)-14 0.004
Emean (kPa) 32.6 (19-42.9) 12.4 (8.1-15.8) 0.002
ESD (kPa) 1.9(1.2-3.2) 0.95 (0.76-1.6) 0.008
B-Mode US features n=45 n=12
Cortical thickness in mm 11.55 (8.5-12.2) 7(5.6-7.7) <0.001
Absence of fatty hilum 40 (88.8%) 5 (41.6%) 0.004
Non-hilar blood flow 32 (71.1%) 4(33.3%) 0.01
Round shape 14 (31.1%) 0 0.05
Each value is depicted as median (interquartile range).
SWE: Shear wave elastography, US: Ultrasonography

Table 3. Diagnostic performance of quantitative SWE and B-Mode US of axillary lymph nodes according to the pathological status of the lymph

nodes (n=57)

. ) Sensitivity, Specificity, 0
Variables AUC Cut-off TP F.P. TN F.N. % (95% CI) % (95% CI) LR+ (95% Cl)
SWE of the cortex
Emax 0.870 14.1 kPa 30 5 11 13 71.7 (56-87) 83.4 (53.6-92.9) 4.3 (1.45-12.1)
Emin 0.832 10.2 kPa 32 4 9 12 74.3 (63.4-85) 83.5(51.3-92.9) 4.4 (1.6-12.6)
Emean 0.896 12.8 kPa 33 5 9 10 75.7 (63.8-89) 64.2 (54.6-95.7) 43(1.4-11.2)
ESD 0.782 1 kPa 35 8 7 7 82.3 (68.3-90.9) 52.5(29-80.6) 1.8 (1.3-2.9)
B-Mode US features
Cortical thickness 0.968 6.4 mm 37 5 10 5 89.5 (75.9-95.8) 72.7 (43.4-90.3) 3.3(1.7-6.3)
Absence of fatty hilum - - 37 4 9 7 82.1(71.4-92.6) 65.6 (345-84.1) 2.5(1.6-3.9)
Non-hilar blood flow - - 32 5 10 10 74.6 (59.4-80.7) 73.9 (44.8-92.3) 2.4 (1.4-5.8)
Cortical thickness + effacement
of fatty hilum and/or non-hilar | - >6.4 mm 38 3 1 5 88.1(76.7-94.8) 92.1 (63.4-98.6) 9.6 (1.5-72.4)
blood flow
Combination of SWE and B-Mode US
. rtex) + cortical >14.1 kPa

sy 4 coie - + 30 2 11 14 64.9 (48.1-79.8) 92.9 (64.1-97.2) 7(1-51.8)
thickness
6.4 mm
tcknoss 1 efacement o fat Sk
ickness + effacement of fatty N g : i
hilum and/or non-hilar blood 29 0 14 14 67.5(51.9-79.6) 100 (75.2-100)
o >6.4 mm
AUC: Area under the curve, Cl: Confidence interval, FN: False negatives; FP: False positives, LR+: Positive likelihood ratio, kPa: Kilo pascal, SWE: Shear wave elastography, TN: True
negatives, TP: True positives, US: Ultrasonography
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Diagnostic Power of B-Mode US

Metastatic lymph nodes had a higher prevalence of prominent fatty
hilus (32/45) than reactive lymph nodes (4/12) (p=0.004). The prevalence
of non-hilar engorgement was higher in cases of metastasis (32 out of
45) than in cases of reactive hyperplasia (4 out of 12) (p=0.01). The
round shape of lymph nodes was observed in metastatic lymph nodes
(14/45) but not reactive lymph nodes (0/12). Although not observed,
the difference was not statistically significant (p=0.05) (Table 2). The
B-Mode US of cortical thickness demonstrated the highest sensitivity
and specificity, with an AUC of 0.87. A threshold value of 6.4 mm was
determined to be the most effective value for differentiating metastatic
lymph nodes from reactive hyperplasia, with a sensitivity and specificity
of 89.5% and specificity of 72.7%. The combined evaluation of lymph
nodes with cortical thickness >6.4 mm, non-cortical blood supply, and
fatty hilus resulted in a sensitivity of 89.5% and specificity of 90.9%
(Table 3). A comparative analysis was conducted to assess the specificity
and sensitivity of the Emax value of the cortex, which is considered the
parameter with the highest diagnostic power in SWE, in relation to the
B-Mode US features of the ALNs. The Emax of the cortex exhibited a
higher degree of specificity than the cortical thickness (81.8% vs. 72.7%).
However, its sensitivity was found to be quite low (73.7% to 89.5%).
However, the differences were not statistically significant (p=0.61 and
0.08, respectively).

Diagnostic Power of the B-Mode US and SWE

The evaluation utilized a combination of cortical thickness in B-Mode
US and the Emax value of the cortex in SWE because these parameters
demonstrated the strongest diagnostic power. When the Emax value
of the cortex was combined with 14.1> kPa, the specificity of the
lymph nodes measured with a cortex thickness >6.4 mm increased
(72.7-90.9%) (p=0.27), its sensitivity decreased (89.5%-65.8%) (p=0.01).
Similarly, when at least two B-Mode US features (non-hilar blood flow
and cortical thickness >6.7 mm) were combined with the Emax value
of the cortex, specificity increased (increased from 90.0% to 100%)
(p=0.31), and sensitivity decreased (from 89.5% to 65.8%) (p=0.01). The
specificity was found to be equal (90.9%) between the combination of
Emax of the cortex and cortical thickness, as well as between at least
two B-Mode US characteristics. However, the sensitivity was significantly
lower (65.8-90.5%) (p=0.01) (Table 3).

Discussion

US-guided biopsy is a widely used technique for evaluating ALNs in
individuals diagnosed with breast cancer. However, our study revealed
a false-positive result when assessing the cortical thickness of ALNs.
Compared with the biopsy results for these lymph nodes, reactive
hyperplasia was detected in 12 of 57 lymph nodes (21%). Therefore,
additional studies are necessary to evaluate the level of specificity
exhibited by US. Therefore, this study aimed to evaluate the diagnostic
effectiveness of SWE and US.

To differentiate reactive hyperplasia from metastatic lymph nodes, we
assessed lymph nodes exhibiting heightened cortical thickness using
a combination of B-Mode US and SWE. Subsequently, we compared
these lymph nodes with B-Mode US features to ascertain the practical
advantages of SWE.

The most influential criterion for differentiating reactive hyperplasia
from metastasisamong the B-Mode US features of the ALN was increased
cortical thickness. The examined patients exhibited a substantial

number of ALNs, with a cut-off value of 6.4 mm. This cut-off value
achieved sensitivity of 92% sensitivity and 73.4% specificity. Different
cut-off values have been reported in various studies due to differences
in patient groups and study environments. Zhu et al." determined that
a cortical thickness of 3.5 mm was optimal for predicting metastasis.
Using this threshold, they attained a sensitivity of 76% and a specificity
of 83%. Seo and Sohn™ determined that a cortical thickness cut-off
value of 4.85 mm is sufficient for predicting metastasis in patients with
breast cancer. With this cut-off value, they achieved 82.4% sensitivity
and 100% specificity. In the current study, a higher cut-off value was
used owing to the large number of ALNs.

The cortex of metastatic lymph nodes exhibited greater hardness in
comparison to benign lymph nodes in our study. It was found that
the hilus and cortex exhibited higher flexibility. The investigation
revealed that the Emax values of the cortex and hilus were elevated
in metastatic lymph nodes compared with reactive hyperplasia. This
study determined that the Emax value of the cortex exhibited the
highest significance in differentiating between metastasis and reactive
hyperplasia. This parameter had a sensitivity of 71.7% and a specificity
of 83.4% when measured at a pressure of 14.1 kPa. Prior research
has demonstrated that the Emax and Emin values of the cortex have
significant predictive ability in determining metastasis."®?° Prior
research used ROl values ranging from 2 to 3 mm to assess the level of
hardness. However, in our investigation, we used ROI values below 1
mm. In previous investigations, lymph nodes exhibiting normal cortical
thickness of the ALNs were also incorporated into the analysis. However,
our study exclusively focused on lymph nodes with augmented cortical
thickness. In the current study, the Emax value of the cortex exhibited
higher specificity (83.4%) and less sensitivity (71.7%) than the lymph
node cortical thickness. However, these findings were not statistically
significant. Luo et al.”' reported that the Emax value of the cortex
exhibited higher specificity (88.5% versus 82%) and sensitivity (93.3%
versus 91.7%) than the US. Seo and Sohn™ it was observed that Emax
values of the cortex showed comparable sensitivity (82.4% for both
factors) compared with US, but decreased specificity (100% vs. 95%).
Although no statistical comparison was made in these studies, SWE
parameters were shown to have comparable effectiveness to B-Mode
US for detecting metastatic lymph nodes. In the present investigation,
it was shown that the use of SWE and US exhibited a notable degree
of specificity, but was accompanied by a decline in sensitivity in the
identification of metastatic lymph nodes. A high specificity of 92.9% was
achieved when evaluating a cut-off value of 6.4 in conjunction with
cortical thickness, while considering an Emax value of 14.1 kPa for the
cortex. When evaluating ALNs using US, the specificity of lymph nodes
with few suspicious findings can be increased to 100% by combining
these findings with the Emax values of the cortex. Kilic et al.”® they
conducted an ex vivo study and observed that B-Mode US features,
including the cortical thickness of the lymph node and long-axis/short-
axis ratio, exhibited 100% specificity when evaluated together with the
Emax of the cortex. However, their findings revealed a sensitivity of
34%, which is consistent with the results of our study. Kilic et al.’® in his
study, evaluating the cortical thickness and stiffness of the lymph node
together resulted in a higher sensitivity of 83%, whereas a sensitivity of
75% was obtained by using each of the US parameters alone.

Additionally, our study compared the diagnostic efficiency of the
combination of SWE and US and evaluated the usability of SWE using
many US features. When the Emax value of the cortex was compared
with the lymph node cortical thickness, it was shown that the
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combination of the cortical thickness and other US parameters of the
lymph node showed similar specificity and better sensitivity. Therefore,
the effectiveness of SWE is limited in cases in which many suspicious
features are present in the lymph nodes.

Nevertheless, previous studies have indicated that the utilization
of SWE can be advantageous in cases in which cortical thickness is
the sole characteristic observed in lymph nodes that are deemed
worrisome. Fischer et al.?2 investigated the application of SWE in ALNSs.
The researchers observed that the use of cortex elasticity exhibited
superior sensitivity and specificity in distinguishing between metastases
and reactive hyperplasia compared with subjective evaluation using
B-Mode US or elastography. The sensitivity and specificity values
obtained were 95% and 74% for B-Mode US, 85% and 60% for subjective
elastography, and 85% and 68% for subjective elastography.

Study Limitations

This study has several limitations. The primary constraint of our study
was the limited study population size, which necessitated validation
with larger study groups. The evaluation of the effectiveness of
quantitative elastography was hindered by the absence of a consistent
range across all the lymph nodes assessed. Further studies are required
to ascertain the optimal range of elasticity that should be employed
for the examination of ALNs. SWE measurements were performed by
one researcher because this situation did not allow us to evaluate
interobserver agreement and repeatability. Another limitation was that
excisional biopsy was not performed in the 12 patients with reactive
hyperplasia, as indicated by the core biopsy results, which may not
represent the entire lymph node.

Conclusion

In conclusion, the use of SWE is advantageous in distinguishing
between metastases and reactive hyperplasia in individuals exhibiting
suspicious features on B-Mode US of ALNs. Based on our observations,
the simultaneous use of SWE and B-Mode US can provide advantageous
results only in cortical-thick lymph nodes.
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