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Abstract

Background: Breast cancer is aleading cause of death
among women globally. Mammography and ultrasound, guided
by the Breast Imaging Reporting and Data System (BI-RADS),
are critical tools for distinguishing benign from malignant
breast lesions. Advances in molecular subtyping, including lu-
minal subtypes, HER2-enriched, and triple-negative breast can-
cer (TNBC), have revolutionized breast cancer management by
enabling personalized treatment.

Aim of Sudy: The aim of this study is to use ultrasound and
mammographic morphological features predictors of biological
markers in patients with breast cancer.

Patients and Methods: This retrospective study involved 57
femal e patients with histopathologically confirmed malignant
breast lesions. All patients underwent standard mammography
and high-resolution ultrasound, followed by ultrasound-guided
core biopsies. Immunohistochemical analysis determined hor-
mone receptor status, including estrogen receptor (ER), pro-
gesterone receptor (PR), and human epidermal growth factor
receptor 2 (HER2). The Allred scoring system evaluated ER/
PR expression, and equivocal HER2 cases underwent fluores-
cence in situ hybridization (FISH) testing. Statistical analysis
was conducted using RStudio, with p<0.05 deemed significant.

Results: Imaging features correlated significantly with mo-
lecular subtypes. Luminal subtypes showed irregular shapes,
spiculated margins, hypoechoic echo patterns, and posterior
shadowing (p<0.001). HER2-enriched |lesions were associated
with suspicious cacifications (p=0.002). TNBC presented with
round shapes and circumscribed margins, mimicking benign
lesions (p<0.001).
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Conclusion: Molecular subtypes of malignant breast le-
sions can often be predicted by specific imaging features on
mammography and ultrasound. However, histopathological
confirmation remains essential . Radiol ogists must recognize
that aggressive subtypes like TNBC may exhibit benign imag-
ing appearances, emphasizing the need for integrating imaging
and pathological findings for accurate diagnosis and optimal
management.
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Introduction

BREAST cancer isthe leading cause of death
among women around the world. Mammography
and ultrasound are the main imaging diagnostic
tools for the detection and diagnosis of breast can-
cer and are used in distinguishing between benign
and malignant breast lesions [1,2]. Diagnosis by ul-
trasound and mammogram depends mainly on the
BI-RADS system assigned by the ACR which de-
pends mainly on the morphological features (shape,
margins, orientation, echo-pattern/density, calcifi-

List of Abbreviations:

ACR : American College of Radiology.

BI-RADS : Breast Imaging Reporting and Data System.
cC : Craniocaudal.

ER : Estrogen Receptor.

FFDM : Full-Field Digital Mammography.

FISH : Fluorescence In Situ Hybridization.

HER2 : Human Epidermal Growth Factor Receptor 2.

IQR : Interquartile Range.
MLO : Mediolateral.
PR : Progesterone Receptor.

TNBC : Triple-Negative Breast Cancer.
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cations, and associated features) in the description
and differentiation between benign and malignant
lesions [3.4].

Many studies nowadays focus on examining the
molecular patterns of breast cancer in order to cate-
gorize these tumors into classes or entities contrib-
uting to clinical management, epidemiological and
functional investigations, and clinical trials [5,6].

Four therapeutically important molecular sub-
groups have been identified based on extensive
gene expression profile studies: Luminal subtypes
(including Luminal A and B) HER2 enriched, and
Triple Negative (TNBC) [7].

The genes associated with the expression of es-
trogen receptors (ER), progesterone receptors (PR),
Human epidermal growth factor receptor 2 (HER2),
and cell proliferation regulators are primarily re-
sponsible for the segregation of molecular subtypes
of breast cancer [g].

Nowadays, the management of breast cancer
depends mainly on molecular subtypes that can
change the type of management in most patients by
either using chemotherapy, radiotherapy, hormonal
therapy, or going directly for surgical excision [7].

Patients and Methods

Patient selection:

This retrospective study was performed on 57
femal e patients histopathologically proven to have
malignant breast lesions. The study was approved
by the institution’ s ethics committee. An informed
consent was obtained from all the examined pa-
tients before their inclusion in our study. This
study was approved by the Research Ethics Com-
mittee of in 2022 (reference number 0107323, IRB
number 00012098). Written informed consent was
obtained from all patientsincluded in this study.
Inclusion criteriainvolved female patients within
the fertile and post-menopausal age groups with
malignant breast |esions candidates for mammog-
raphy. Also, only patients suitable for true cut bi-
opsy were included.

Exclusion criteriaincluded patients with benign
breast lesions, patients with malignant breast lesions
diagnosed by FNAC only, or patients with unavail-
able histopathological data or whose paraffin blocks
did not contain enough material for histopathol ogi-
cal assessment of the grade and immunohistochem-
ical staining for molecular subtyping.

Mammographic technique:

Standard craniocaudal (CC) and mediolateral
Obligue (MLO) mammographic views were done
for al examined patients using a dedicated full-field
digital mammaographic machine (FFDM) named
(Hologic Selenia, Holland,2018) and (Mammomat

Inspiration, Siemens, Germany, 2019) The images
were viewed and interpreted by two experienced
radiologists with 10 and 5 years of experiencein
breast imaging. Interpretation included breast im-
aging reporting and data system lexicon (ACR BI-
RADS system) according to shape, margins, densi-
ty, calcifications, and associated features [3].

Ultrasound technique:

All patients were examined using high resolu-
tion bilateral ultrasonographic examination using
ultrasonographic equipment (GE LOGIC P5 ma-
chine) with 12 MHz linear transducer. The imag-
eswere viewed and interpreted by two radiologists
with more than 10 years of experience in sono-mam-
mographic imaging, also applying breast imaging
reporting and data system lexicon (ACR BI-RADS
system) according to shape, margins, orientation,
echo-pattern, and associated features.

Ultrasound-guided core biopsy:

Multiple complete core biopsies (at least 4-5in
number for each lesion) were obtained from differ-
ent parts of the tumor of 1-2cm length of complete
tissue using a 14-gauge needle and 16 to 18-gauge
needle for small breast lesions and fixed using buff-
ered formal dehyde then sent for histopathol ogical
assessment and immunohistochemical staining.

Pathological and immune-histochemical analysis:

For thirteen out of fifty-seven included patients,
biopsies were referred to the pathology department
at Alexandria Main University for histopathol ogi-
cal examination. Formalin-fixed paraffin-embed-
ded tissue blocks were prepared for the cases; from
which 5-micron-thick slides were stained using he-
matoxylin and Eosin following the manufacturer’s
protocol. Four micron thick sections were prepared
and stained using Ventana Benchmak Ultra Immu-
ostainer for antiestrogen receptor (Clone Spl), an-
ti-progesterone receptor (clone 1E2), and antiHer2/
neu (Clone 4B5) rabbit monoclonal primary anti-
bodies. The slides were examined under light mi-
croscopy (Olympus CX23).

For the remaining 44 cases, pathological and im-
munohistochemical data were obtained and revised
from patients' records and available slides.

The Allred scoring system was applied for ER
and PR glides, which is based on the intensity of
staining and the percentage of positive nuclei. ER
and PR hormone receptors were considered posi -
tive when the Allred score was at least 3/8. Also, the
grading system for HER 2 staining was applied and
scored from O to 3+. Scores of 0 and 1+ were con-
sidered negative, Score 3+ was considered positive
while Score 2+ was considered equivocal. Cases of
2+ scores were referred for reflex fluorescencein
situ hybridization (FISH) testing for Her2 gene am-
plification.
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Satistical analysis:

Data were collected, coded, revised, and en-
tered into the Statistical Package for Social Science
(RStudio) version 2.3.2. The data were presented as
numbers and percentages for qualitative data; mean,
standard deviations, and ranges for quantitative data
with a parametric distribution; and median with in-
terquartile range (IQR) for quantitative data with a
non-parametric distribution. The Shapiro test was
used to verify the normality of the distribution. Uni-
variate and multivariate logistic regression analyses
were performed to identify risk factors associated
with a binary qualitative variable as a predictor and
to calculate the odds ratio, measuring the strength of
the relationship between risk factors and predictors.
The confidence interval was set at 95%, and the ac-
cepted margin of error was set at 5%, with the p-val-
ue considered significant as follows: values greater
than 0.05 were deemed non-significant (NS), values
less than 0.05 were considered significant (S), and
values less than 0.01 were considered highly signif-
icant (HS).

Results

In this study, fifty-seven female patients diag-
nosed with malignant breast lesions were included
based on imaging characteristics and confirmed his-
topathological findings. The patients' ages ranged
from 27 to 87 years, with amean age of 55.7+14.5
years. The highest prevalence of cases was observed
in the sixth decade (50-59 years).

Mammaographic assessment was performed on
only 52 patients (91.2%) who had mass lesions.
Among these, 38 masses (73.1%) had an irregu-
lar shape, while 14 masses (26.9%) were regular.
Spiculated margins were noted in 22 out of the 52
masses (42.3%), micro-lobulated marginsin 11 cas-
es (21.2%), indistinct margins in 4 cases (7.7%),
and obscured marginsin 2 cases (3.8%). Circum-
scribed margins were observed in 13 cases (25%).
Additionally, all mass lesions (100%) demonstrated
high density.

Associated findings included asymmetry in 48
of the 52 patients with mass lesions (92.3%), while
no associated asymmetry was observed in 4 pa-
tients (7.7%). Parenchymal architectural distortion
was present in 25 of the cases with mass lesions
(48.1%), whereas 27 patients (51.9%) showed no
parenchymal distortion. (Table 1).

Suspicious calcifications were identified in 21
out of 57 patients (36.8%), with various morphol og-
ical patterns, including fine pleomorphic, coarse het-
erogeneous, fine linear branching, and amorphous
types. In contrast, 36 patients (63.2%) showed no
calcifications. Skin thickening was observed in 38
patients (66.7%), while nipple retraction was noted
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in 3 patients (5.3%), and skin retraction in 2 patients
(3.5%). Axillary adenopathy was present in 53 of
the 57 patients (93%). (Table 2).

Sonographic evaluation revealed masslesionsin
52 patients (91.2%). Of these, 38 masses (73.1%)
were irregular in shape, while 14 (26.9%) were reg-
ular. Marginal characteristics included spiculated
marginsin 22 of the masses (42.3%), micro-lobulat-
ed marginsin 9 (17.3%) and angulated marginsin 8
(15.4%). Circumscribed margins were observed in
13 cases (25%).

Large lesions (>2cm) were identified in 39 out
of 52 patients (75%), while smaller lesions (<2cm)
were observed in 13 patients (25%). Lesion loca-
tion varied, with 40 out of 52 masses (76.9%) sit-
uated superficially (within 1cm of the skin surface)
and 12 (23.1%) located deeper (>1cm from the skin
surface). Hypoechoic mass lesions were present in
46 patients (88.5%), and 6 patients (11.5%) showed
masses with mixed solid and cystic components.

Approximately 34 of 52 patients (65.4%) exhib-
ited a nonparallel orientation of the mass relative to
the skin surface, while 18 patients (34.6%) showed
aparallel orientation. Posterior shadowing was
observed in 34 patients (65.4%), and posterior en-
hancement was noted in 10 patients (19.2%). Com-
bined posterior features were present in 1 patient
(1.9%), while 7 patients (13.5%) had no associated
posterior features. Parenchymal architectural distor-
tion wasidentified in 25 with mass lesions (48.1%)
(Table 3).

Regarding molecular subtypes, 37 patients
(64.9%) had luminal breast cancer, 7 patients
(12.3%) had HER2-enriched breast cancer, and 13
patients (22.8%) had triple-negative breast cancer
(TNBC). Tables (4,5), aswell as Tables (6,7), dis-
play the distribution of mammographic and sono-
graphic features across different molecular subtypes
of breast lesions (HER2-enriched, luminal subtypes,
and TNBC) and highlight the statistical significance
of each feature in predicting specific molecular sub-

types.

Sono-mammaographic malignant features, such
asirregular shape, spiculated margins, nonparal-
lel orientation, hypoechoic echo pattern, and asso-
ciated posterior shadowing, were predominantly
observed in lesions of the luminal subtype. These
characteristics were found in 34 patients (59.6%)
with a p-value of <0.001 (Fig. 1). HER2-enriched
lesions were more commonly associated with sus-
picious calcifications, with a p-value of 0.002 (Fig.
2). Conversely, features suggestive of benign mor-
phology, such as rounded shape and circumscribed
margins, were more frequent in TNBC lesions, with
ap-value of <0.001 (Figs. 3,4).
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Table (1): The Distribution of all studied patients according to
morphological mammographic features applying
BI-RADS lexicon year 2015 in patients with mass

Table (3): The Distribution of all studied patients according to
morphological sonographic features applying Bl-
RADS lexicon year 2015 in patients with mass le-

lesions (n=52). sions (n=52).
Mass (n=52) Mass lesions (n=52)
Shape: Shape:
- Rounded 12 (23.1%) Rounded 12 (93,19
- Irregular 38 (73.1%) - Roun (23.1%)
- Irregular 38 (73.1%
Margin: 9 ( )
- Circumscribed 13 (25.0%) Margin:
- Obscured 2 (3.8%) . .
- Micro-lobulated 11 (21.2%) - Circumscribed 13 (25.0%)
- Indistinct 4(7.7%) Non-circumscribed:
- Spiculated 22 (42.3%
Sf) (42.:3%) - Micro-lobulated 9 (17.3%)
De”fm - Angulated 8 (15.4%)
- High 52 (100.0%) - Spiculated 22 (42.3%)
lso - Sze
ASS‘,LC' ated Asymmetry: P - Small (<2cm) 13 (25.0%)
- NO A0
- Asymmetry _ - Large (>2cm) 39 (75.0%)
- Focal 42 (80.8%) .
Depth:
- Global 6 (11.5%) P , ,
- Developing _ - Superficial (<1cm from skin) 40 (76.9%)
- i 0,
Associated Architectural distortion: Deep (>1cm from skin) 12 (231%)
-No 27 (S1.9%) Echogenicity:
-Yes 25 (48.1%
(48.1%) - Hypoechoic 46 (88.5%)
- Isoechoic -
Table (2): The Distribution of all studied patients according to - Hyperechoic -
morphological mammographic features applying - Anechoic -
BI-RADS lexicon year 2015 (n= 57).
y (n=57) - Mixed solid and cystic 6 (11.5%)
Calcifications (n=57) Orientation:
No 36 (63.2) - Pardlel 18 (34.6%)
Typically benign: - Not parallel 34 (65.4%)
Suspicious: . )
- Amorphous 1(4.8%) Posterior features: )
- Coarse heterogeneous 4 (19%) -No 7(13.5%)
- Fine pleomorphic 15 (71.4%) - Enhancement 10 (19.2%)
- Finelinear/fine linear branching 1 (4.8%) - Shadowing 34 (65.4%)
Associated features: - Combined 1(1.9%)
) ikkm th'Cker_“ ng 28(?;/7)%) Associated Architectural distortion:
- Skin retraction 5%
- 0,
- Nippleretraction 3(5.3%) No 27 (51.9%)
-Yes 25 (48.1%)

- Axillary adenopathy

53 (93.0%)
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Table (4): The correlation between molecular subtypes and mammographic morphological features of

mass lesions (n=52).

. Lumina
Mass (n=52) HER (%:2;' ched subtypes 2:\_1?5 p-value
. (n=35) .
Shape (mammogram):
-Ova 0 (0.0%) 0 (0.0%) 3(23.1%) 12=42.618*
- Rounded 0 (0.0%) 1 (2.85%) 10 (76.9%)  (MCp<0.001*)
- Irregular 4(100.0%) 34 (97.1%) 0 (0.0%)
Margin:
- Circumscribed 0 (0.0%) 1(2.8%) 12(92.3%)  y2=41.054
- Obscured 0 (0.0%) 2 (5.7%) 0 (0.0%) (MCp<0.001*)
- Micro-lobulated 0 (0.0%) 10 (28.5%) 1(7.7%)
- Indistinct 0 (0.0%) 4 (11.4%) 0 (0.0%)
- Spiculated 4 (100.0%) 18 (51.4%) 0 (0.0%)
Density:
-Low 0 (0.0%) 0 (0.0%) 0 (0.0%) -
- High 4(100.0%) 35 (100.0%) 13 (100.0%)
-Is0 0 (0.0%) 0 (0.0%) 0 (0.0%)
Associated asymmetry:
-No 0 (0.0%) 4(11.4%) 0 (0.0%) $2=3.799
- Asymmetry 0 (0.0%) 0 (0.0%) 0 (0.0%) (MCp=0.746)
- Focal 3 (75.0%) 27 (77.1%) 12 (92.3%)
- Global 1 (25.0%) 4 (11.4%) 1 (7.7%)
- Developing 0 (0.0%) 0 (0.0%) 0 (0.0%)
Associated architectural
distortion:
-No 0 (0.0%) 18 (51.4%) 9 (69.2%) 12=6.877
-Yes 4 (100.0%) 17 (48.5%) 4(30.8%) (MCp=0.074)

Table (5): The correlation between molecular subtypes and mammographic cal cifications and associated

features (n=57).
R . Luminal
Cacifications HER 2 enriched subtypes TNBC pvalue
(n=57) (n=7) (n=37) (n=13)
At mammogram:
No 0 (0.0%) 24 (64.8%) 12 (92.3%) x2=16.734*
— *
Typically benign: (MCp=0.001)
Suspicious: 7 (100.0%) 13 (35.1%) 1(7.7%)
- Amorphous 1 (14.3%) 0 (0.0%) 0 (0.0%) x2=3.324
(FEp=1.000)
- Coarse heterogeneous 1 (14.3%) 3(23%) 0 (0.0%) x2=1.286
(MCp=1.000)
- Fine pleomorphic 5 (71.4%) 9 (69.23%) 1 (100.0%) x2=0.824
(MCp=1.000)
- Finelinear/ fine linear 0 (0.0%) 1(7.6%) 0 (0.0%) x2=3.633
branching (MCp=0.340)
Associated features:
- Skin thickening 5 (71.4%) 24 (64.8%) 8 (61.5%) ¥2=0.479
(MCp=0.959)
- Skin retraction 1(14.3%) 1(2.7%) 0 (0.0%) ¥2=3.128
(MCp=0.358)
- Nippleretraction 0 (0.0%) 3(8.1%) 0 (0.0%) x2=1.526
(MCp=0.852)
- Axillary adenopathy 5 (71.4%) 36 (97.2%) 11 (84.6%) x2=5.381

(MCp=0.080)
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Table (6): The correlation between molecular subtypes and sonographic morphological features of mass

lesions (n=52).
. Luminal
Mass (n=52) HER (an?l;' ched subtypes 2;]'\_]?; p-value
. (n=35) .
Shape:
- Ovd 0 (0.0%) 0 (0.0%) 3(23.1%) x2=42.618*
- Rounded 0 (0.0%) 1(2.8%) 10 (76.9%) (p<0.001%)
- Irregular 4 (100.0%) 34 (97.1%) 0 (0.0%)
Margin:
- Circumscribed 0 (0.0%) 1(2.8%) 12 (92.3%) x2=41.348*
*
Non-circumscribed: (p<0.001)
- Micro-lobulated 0 (0.0%) 8 (22.8%) 1(7.7%)
- Angulated 0 (0.0%) 8 (22.8%) 0 (0.0%)
- Spiculated 4 (100.0%) 18 (51.4%) 0 (0.0%)
Sze:
- Small (<2cm) 1(25%) 11 (31.4%) 1(7.7%) ¥2=6.885
- Large (>2cm) 3 (75%) 24 (68.57%) 12 (92.3%) (p=0.068)
Echogenicity:
- Hypoechoic 4 (100.0%) 35 (100.0%) 7 (53.8%) x2=14.391*
- |soechoic 0 (0.0%) 0 (0.0%) 0 (0.0%) (p<0.001%)
- Hyperechoic 0 (0.0%) 0 (0.0%) 0 (0.0%)
- Anechoic 0 (0.0%) 0 (0.0%) 0 (0.0%)
- Mixed solid and cystic 0 (0.0%) 0 (0.0%) 6 (46.2%)
Orientation:
- Pardle 0 (0.0%) 7 (20.0%) 11(84.6%) x2=18.084*
- Not-parallel 4 (100.0%) 28 (80.0%) 2 (15.4%) (p<0.001%)
Posterior features:
-No 1 (25.0%) 2 (5.7%) 4 (30.8%) x2=38.302*
- Enhancement 0 (0.0%) 1(2.8%) 9 (69.2%) (p<0.001%)
- Shadowing 3 (75.0%) 32 (91.4%) 0 (0.0%)
- Combined 0 (0.0%) 0 (0.0%) 0 (0.0%)
Associated architectural
distortion:
-No 0 (0.0%) 18 (51.4%) 9 (69.2%) ¥2=6.877
-Yes 4 (100.0%) 17 (48.57%) 4 (30.8%) (p=0.076)

Table (7): The correlation between molecular subtypes and sonographic calcifications and associated fea-

tures (n=57).
. Luminal
Calcifications (n=57) HER 2 (_enrl ched subtypes T'\_IBC p-value
(n=7) - (n=13)
(n=37)
At ultrasound:
- No 0 (0.0%) 26 (70.2%) 11(84.6%) x2=17.937*
- In mass 4 (57.1%) 10 (27.02%) 2 (15.4%) (p=0.002*)
- Outside mass 3 (42.9%) 1(2.7%) 0 (0.0%)
Associated features: o 0 o x2=0.479
- Skin thickening 5 (71.4%) 24 (64.8%) 8 (61.5%) (p=0.956)
o 0 . x2=3.128
- Skin retraction 1(14.3%) 1(27%) 0(0.0%) (p=0.359)
. 0 . x2=1.526
- Nippleretraction 0(0.0%) 3(8.1%) 0(0.0%) (p=0.851)
. 5 (71.4%) 36 (97.2%) 160w P38l
- Axillary adenopathy (p=0.079)
0 ) o x2=12.022%*
- Internal vascularity 4 (57.1%) 35(94.5%) 7(538%) (0.003*)
0 0 ¥2=15.208%
- Rim vascularity 0(0.0%) 0(0.0%) 6 (46.2%) (p<0.001%)
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Fig. (1): (Luminal subtypes) (A) CC and MLO mammographic views revealed irregular shaped lesion with spiculated margins and
(B) Fine pleomorphic calcifications. (C) B mode US showed irregular shape, angulated margins and nonparallel orientation.
Pathology: grade 3. Biological markers: (D) ER positive (ER IHC stain), (E) PR positive (PR IHC stain) and (F) HER-2
negative (score 1+) (HER2 IHC stain).
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Fig. (2): (HER2 enriched subtype) (A1-A2) CC and MLO mammographic views revealed irregular shaped lesion with macro-lobu-
lated margins and (B) fine pleomorphic calcifications. (C) B mode US showed irregular shape, microlobulated margins and
non-parallel orientation associated with suspicious calcifications in mass. Pathology: (Grade 2). Biological markers: ER
negative (ER IHC stain), PR negative (PR IHC stain) and HER-2 positive (score 3+) (HER2 IHC stain).
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Fig. (3): (TNBC subtype) (A1-A2) CC and MLO mammographic views revealed rounded shaped lesion with circumscribed margins
and no detected suspicious calcifications. (B,C,D) B mode US showed oval shape, circumscribed margins and parallel
orientation associated with posterior enhancement (b) and peripheral vascularity on color doppler (C) aswell as suspicious
axillary LN (D). Pathology: Grade 3. Biological markers: ER negative ER IHC stain), PR negative (PR IHC stain) and HER-
2 negative (score 1+) (HER2 IHC stain).
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Fig. (4): (TNBC subtype) 32 years old female patient presented with left breast mass Mammographic findings: (A,B) Showing left
breast lower inner quadrant high dense rounded lesion (yellow circle) with circumscribed margins with no detected suspicious calcifi-
cations Ultrasound findings: (C,D) Revealed a hypoechoic mass lesion at the site of clinically pal pable mass showing oval shape with
circumscribed margins and parallel orientation to the skin surface associated with posterior enhancement and internal vascularity on
color doppler with suspicious axillary lymph nodes and few in-mass suspicious calcifications (C). Pathology: microscopic images (E)
ER negative (ER IHC stain), (F) PR negative (PR IHC stain), (G) Show HER2 negative (score 1+) (HER2 IHC stain).
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Discussion

Early diagnosis of breast cancer isthe major role
of breast sono-mammography, in addition to dif-
ferentiation between benign and malignant lesions
which significantly impacts upon the early diagno-
sis and management of breast cancer. Diagnosis by
ultrasound and mammogram relies mainly on the
BI-RADS system assigned by the ACR which de-
pends mainly on the morphological featuresin the
description and differentiation between benign and
malignant lesions [9,10].

This study was done in an attempt to correla-
tethe ultrasound and mammographic morphological
features with pathological and biological markers
in patients with malignant breast lesions for early
prediction of tumor molecular subtype and early
management. Recently the morphological features
of breast lesions have been reported as being used
to predict molecular subtypes which proved to have
prognostic and therapeutic value in breast cancer
patients[11].

Thirty-seven patients were identified in our
study with luminal subtypes, the magjority of whom
presented with mass lesions. Of the thirty-five pa-
tients with luminal subtypes and mass lesions, thir-
ty-four had irregularly shaped lesions, while the
remaining patient had a rounded lesion. In terms of
margins, thirty-four patients exhibited non-circum-
scribed margins: Eighteen had spiculated margins,
and sixteen had angulated or micro-lobulated mar-
gins. Only one patient had a circumscribed margin,
with a statistically significant p-value of <0.001.
These results can be used as predictors of luminal
subtypes in agreement with those reported in the
study of lan TWM et al., who reported a predom-
inance of irregular shape and non-circumscribed
marginsis luminal subtypes A and B lesions [12].
Non-parallel orientation was observed in 28 pa-
tients, with asignificant p-value of <0.001, con-
sistent with the observations of Elsaeid et al. that
luminal A and B subtypes commonly display this
characteristic [11]. Furthermore, posterior shadow-
ing was detected in 32 mass lesions, while only one
patient showed posterior enhancement, leading to a
p-value of <0.001. Thisfinding aligns with Jihyum
Kim et a., who highlighted posterior shadowing as
anotable feature of luminal subtypes [13]. Collec-
tively, these results underscore the importance of
imaging features in identifying and characterizing
luminal breast cancer subtypes.

Interestingly, micro-calcifications were not as-
sociated with luminal subtypes in our study, which
corroborates lan TWM et a.’ s findings that these
calcifications are more common in HER2-enriched
subtypes. Of the patients in our study, only 13 ex-
hibited suspicious calcifications on mammograms,
and 11 showed them on ultrasound, with 10 of these
being mass lesions. However, these results were sta-
tigtically insignificant.
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On ultrasound, internal vascularity was observed
in 35 patients with Luminal subtype mass lesions,
which was statistically significant and consistent
with previous findings by lan TWM et a. [12] .

The analysis of HER2-enriched subtypes, 7 out
of 57 patients were identified, with mass lesions de-
tected in 4. The remaining patients presented with
focal and global asymmetry and architectural dis-
tortion, confirming that non-mass lesions are more
prevalent in HER2-enriched cases. This finding
alignswith M. Boisserie et al., [14] who noted that
non-mass lesions and intra-ductal extensions are
common in HER2-enriched subtypes.

Furthermore, all four patients with HER2-en-
riched mass lesions displayed malignant morpho-
logical features, including irregular shapes and
spiculated margins, yielding statistically significant
results (p-value <0.001) [14] .

All patients with HER2-enriched subtypes ex-
hibited hyperdense masses on mammograms, ac-
companied by focal and global asymmetry. The
mass lesions also demonstrated a hypoechoic echo
pattern on ultrasound, which was statistically signif-
icant (p-value <0.001). Thisis consistent with find-
ings by Jihyum Kim et al., [13] indicating that hypo-
echoic lesions are more frequently associated with
luminal and HER2-enriched subtypes compared to
TNBC.

Our study also found that non-parallel orienta-
tion of the lesions was present in all examined pa-
tients, with this feature being statistically significant
(p-value <0.001) specifically in the 4 patients with
HER2-enriched lesions. This observation is con-
sistent with the findings of Elsaeid et al., [11] who
reported that non-parallel orientation is commonly
observed in cases of the HER2-enriched subtype.

Posterior shadowing was observed on ultrasound
examination in 75% of patients with HER2-en-
riched masses, while the remaining 25% exhibited
no posterior sound effects. These results contrast
with the findings of Kim et al., [15] who reported
that posterior enhancement features are more com-
monly associated with the HER2-enriched subtype.

Moreover, all seven patients with mass and
non-mass HER2-enriched | esions showed suspi-
cious calcifications on both mammograms and ul-
trasounds, yielding statistically significant findings
(p-value 0.002). These observations support lan
TWM et a.’s conclusion that suspicious calcifica
tions are highly prevalent in HER2-enriched sub-
types[12].

In examining TNBC subtype, we identified 13
patients, all presenting as mass lesions. Previous
studies by Schopp JG et al. [16] and Elsaeid et dl .,
[11] indicated that regularly shaped lesions with
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circumscribed margins are highly predictive of the
TNBC subtype. Our findings support this, as all
TNBC lesions exhibited regular shapes, including
three oval and ten rounded lesions. Of these, 12
had circumscribed margins, while one displayed
micro-lobulated margins, with a statistically signif-
icant p-value of <0.001.

All TNBC patients exhibited hyperdense mass-
es on mammograms, which were associated with
either focal or globa asymmetry. On ultrasound,
7 out of 13 patients had hypoechoic masses, and
6 presented with mixed solid and cystic echo pat-
terns, yielding statistically significant results (p-val-
ue <0.001). Thisis consistent with the findings of
Schopp JG et d., [16] Kim et dl., [15] and M. Bois-
serie et a., [14) who noted that the TNBC subtype
often presents masses with central necrotic changes
and mixed solid and cystic patterns.

Moreover, 12 patients with triple-negative le-
sions were identified as having large tumors (great-
er than 2cm), while only one mass was classified
as small (less than 2cm) on ultrasound. These find-
ings align with the study conducted by lan TWM
et a., (120 which demonstrated that if alesionis
large (greater than 2cm), the likelihood of it being a
TNBC subtype increases by 13 times compared to
non-TNBC types.

In our study, ultrasound findings indicated that
11 patients with TNBC had lesions exhibiting par-
allel orientation, while only two patients displayed
non-parallel orientation, yielding statistically signif-
icant results (p-value <0.001), consistent with the
findings of Elsaeid et al. [11]. Furthermore, Schopp
JG et al., [16] noted that TNBC cases are often as-
sociated with posterior enhancement, likely due to
cystic components. Our results supported this ob-
servation, as ultrasound examinations reveal ed that
9 out of 13 patients exhibited posterior enhance-
ment, while 4 out of 13 had no significant poste-
rior features, with statistically significant findings
(p-vaue <0.001).

Additionally, all TNBC lesionsin the current
study demonstrated vascularity on ultrasound, with
7 out of 13 showing internal vascularity and 6 out of
13 exhibiting rim vascularity. These findings were
also statistically significant (p-value <0.001) and
corroborated the previous work by Schopp JG et
al., which highlighted that peripheral vascularity is
more prominent in TNBC patients, aiding in the dif-
ferentiation between TNBC and benign lesions [16].

This study’ slimitations include arelatively
small sample size, which may impact the gener-
alizability of the findings, and a retrospective de-
sign that could introduce selection bias, affecting
subtype prevalence and correlations with imaging
features. While our sample size was comparable to
that of Elsaeid et al. [11] (65 femal e patients), these

limitations emphasi ze the necessity for further re-
search with larger cohorts to accurately determine
the statistical significance of the observed morpho-
logical features.

Our findings indicate that Luminal subtypes (in-
cluding lumina A and B) exhibit more malignant
characteristics, such asirregular shapes, spiculated
margins, hypoechoic echo patterns, and posterior
shadowing, along with suspicious calcifications.
These lesions often display internal vascularity
on color Doppler imaging. In contrast, HER2-en-
riched luminal lesions are characterized by suspi-
cious calcifications and show malignant features on
sono-mammographic images. Most TNBC lesions
were found to have circumscribed oval or round-
ed shapes with mixed solid and cystic components;
these lesions tend to be larger and are associated
with posterior enhancement and rim vascularity on
color Doppler.

Conclusion:

Molecular subtypes have become an invaluable
tool in determining the most suitable treatment pro-
tocolsfor breast cancer patients, offering critical in-
sights that guide therapeutic decisions. In addition,
morphological characteristics observed through
ultrasound and mammography play a significant
roleinidentifying specific tumor luminal subtypes.
These imaging features contribute essential infor-
mation for classifying the tumor’ s biology, and a-
lowing for more precise predictions about patient
outcomes.
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