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Use of shear-wave elastography to distinguish complex and
complicated fibroadenomas from simple fibroadenomas

Isil Basara Akin

Hakan Ozgdil PURPOSE
Canan AItay Simple fibroadenomas (SFAs), complex fibroadenomas (CFAs), and cellular fiboroadenomas (CeFAs)
are variants of fibroadenomas. Additionally, some degenerative, hyperplastic, and metaplastic
Mustafa Segil changes may occur in fibroadenomas, forming complicated fibroadenomas. Distinctive ultrasonog-
Merih GUray Durak raphy (US) features in variants of fibroadenomas and complicated fibroadenomas have not been
. reported. Shear-wave elastography (SWE) can be applied to effectively discriminate between these
Duygu Grel variants and complicated fibroadenomas. In this study, we aimed to evaluate SWE findings to dis-
Pinar Balci criminate between SFAs and other variants.
METHODS

In total, 48 patients (26 with SFAs, 16 with CFAs, 3 with CeFAs, and 3 with complicated fibroade-
nomas) participated in this study. The lesions were classified into two groups according to histo-
pathologic diagnoses. The SWE evaluation and lesion elasticity scores (E__, E_ . and E_ ) were
both assessed in m/s and k/Pa, respectively. Two observers measuredE__,E_  andE__ .Brightness
(B)-mode US findings based on the Breast Imaging Reporting and Data System categorization and
elasticity scores were recorded. In the statistical analyses, the chi-square test and non-parametric
tests were performed. Fisher’s exact test was used to compare independent groups, and Spear-
man'’s correlation coefficients were used to correlate the SWE data between the two observers.
Additionally, receiver operating characteristic curves were analyzed to evaluate the diagnostic per-
formance of the elasticity values.

RESULTS

The B-mode US features in both groups showed no statistical significance. The set of SWE values
of both observers demonstrated strong statistical significance in discriminating between group 1
(SFAs) and Group 2 (CFAs, CeFAs, and complicated fibroadenomas).

CONCLUSION
The English in this document has been checked by at least two 3 q q . N = T q
professional editors, both native speakers of English, As the fibroadenoma .varlants and complilcat.ed flbro'adenomas ha\{e 5|m|IE.1r US findings, SWE 'm
For a certificate, please see addition to a conventional B-mode examination can increase the diagnostic performance to dis-
http://www.textcheck.com/certificate/J96xm9 criminate SFAs from other complex and complicated forms of fibroadenomas.
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breast lesions, particularly in young and

adolescent female patients.! Of all the
benign breast lesions, 50%-60% are fibroad-
enomas; when biopsied, 40% are diagnosed
as fibroadenomas.??

Fibroadenomas are common benign

Simple fibroadenomas (SFAs) consist of
epithelial and stromal histologic compo-
nents.* Fibroadenomas are classified accord-
ing to their histopathologic components and
features,® and complex fibroadenomas (CFAs)
and cellular fibroadenomas (CeFAs) are two
other variants.>” Of all fibroadenomas, 22%
are diagnosed as CFAs based on histopatho-
logic evaluation. The rate of development of
invasive breast cancer is 3.1 times higher in
patients with CFAs than in the normal pop-
ulation. In particular, perilesional benign
proliferative changes and a family history of
breast cancer increase the risk of malignancy
in patients with SFAs and/or CFAs.2

CeFAs are characterized by uniform stro-
mal cellularity without stromal atypia, but
the diagnosis can be challenging based on
histopathologic evaluation because the his-
topathologic features usually overlap with
benign phyllodes tumors.’

Degenerative changes, such as hyper-
plastic changes, squamous metaplasia, focal
tubular adenoma, myoid metaplasia, myx-
oid degeneration, cystic changes, adipose
differentiation, infarction, and osteochon-
droid metaplasia, may occur in fibroadeno-
mas.t'%" In addition, intraductal papillomas,
including fibroadenomas, have been report-
ed in the literature.’? These fibroadenomas
are different from the other variants and can
be defined as complicated fibroadenomas. If
the hyperplasia behaves similarly in normal
breast tissue, the risk of developing malig-
nancy can increase within these complicated
fibroadenomas.”

* Ultrasonography (US) findings in fibroad-
enoma variants and complicated fibroad-
enomas are similar; distinctive US features
for each entity have not been reported.
Although they have similar US features,
clinical evaluations and approaches differ
for simple fibroadenomas (SFAs), other vari-
ants, and complicated fibroadenomas.

* As brightness-mode US does not have spe-
cific distinctive features, unnecessary sur-
geries and interventional procedures may
occur.

* Additional US imaging methods such as
shear-wave elastography can assist in dis-
crimination between SFAs, other variants,
and complicated fibroadenomas.

Ultrasonography (US) is the main diag-
nostic method, and lesions are evaluated ac-
cording to the Breast Imaging Reporting and
Data System (BI-RADS).'* Fibroadenoma vari-
ants and complicated fibroadenomas with
suspicious US characteristics are categorized
as BI-RADS 4, and exact diagnoses are ob-
tained after histopathologic evaluation. Al-
though US findings in fibroadenoma variants
and complicated fibroadenomas tend to be
similar, distinctive US features for each entity
have not been reported in the literature.’ Al-
though they have similar US features, clinical
evaluations and approaches differ for SFAs,
other variants, and complicated fibroadeno-
mas.'>'¢ For SFAs, follow-up at appropriate in-
tervals is required. For CFAs and complicated
fibroadenomas that are suspicious lesions,
surgical excision with safe margins is recom-
mended for treatment. Surgery also enables
an accurate diagnosis of CeFAs."718

Additional US imaging methods such as
shear-wave elastography (SWE) can assist with
discrimination between SFAs, other variants,
and complicated fibroadenomas. SWE is a
quantitative method involving the application
of an acoustic radiation force pulse sequence
for shear-wave propagation.”® Tissue stiffness
affects quantitative values according to the
rapidity of sound changes,” with malignant
tissues having stiffer components and exhib-
iting higher velocities than benign areas."
These SWE features facilitate discrimination
between benign and malignant lesions.® In
addition, SWE is a useful imaging modality for
differentiating benign lesions from those with
a low risk of malignancy, which have indistinct
brightness (B)-mode US characteristics and
the same suspicious BI-RADS features.?"*

Although fibroadenomas are benign lesi-
ons, they may exhibit suspicious B-mode US
features.”™'® Additional imaging modalities,
including SWE, may increase the diagnostic
performance of conventional B-mode US.%
Only one case series in the literature has speci-
fically described the SWE features of CFAs.” To
the best of our knowledge, no study has speci-
fically evaluated the SWE findings of fibroade-
noma variants. In this study, we evaluated the
utility of additional SWE findings for differenti-
ating between SFAs and other variants.

Methods

Patients

This retrospective study was approved by
our Institutional Review Board, and the re-
quirement for informed consent was waived.
The non-interventional ethics committee
approval protocol number was 7005-GOA,

and the decision number was 2022/13-18.
Patients diagnosed with SFAs, CFAs, CeFAs,
or complicated fibroadenomas between
January 2019 and December 2021 were in-
cluded in the study. Patients with optimal
B-mode US-SWE images and completed his-
topathologic evaluations were included in
the study, whereas patients with artifactual
images were not. Additionally, for an optimal
histopathologic result evaluation, patients
who underwent surgery in another medical
center were excluded from the study. A total
of 48 patients were reviewed. The patients
were divided into groups 1 and 2. Patients
with SFAs were classified into group 1, and
patients with CFAs, CeFAs, and complicated
fibroadenomas formed group 2. B-mode US
and SWE images from the picture archiving
and communication system (PACS) were
evaluated. Lesion sizes, B-mode US findings
according to BI-RADS categorization, and
elasticity scores were recorded.

Histopathologic diagnosis and evaluation

Most of the lesions were diagnosed using
core and/or excisional biopsy. In group 1, 10
lesions were diagnosed through core biopsy
and 16 through excisional biopsy. In group 2,
5 lesions (CFAs) were diagnosed using core
biopsy, and excisional biopsies were per-
formed on 14 lesions (11 CFAs and 3 compli-
cated fibroadenomas). One CeFA was diag-
nosed through direct excisional biopsy, and
two were diagnosed as phyllodes tumors
and one as a juvenile fibroadenoma after
core biopsies. In the three CeFAs diagnosed
through core biopsies, exact diagnoses were
subsequently made after excisional biopsies.
In the core biopsies, a 14-Gauge core needle
was used. All biopsies were performed under
US guidance. In each biopsy session, at least
five tissue samples were extracted.

Wire-guided excisional biopsies were
performed for non-palpable lesions. The di-
agnostic method was determined according
to the patient’s medical condition and pref-
erence as well as the surgeon’s decision. Pa-
tients with SFAs were followed up with after
diagnosis. For lesions diagnosed as CFAs or
CeFAs via core biopsies, excision with tumor
bed resection was performed after the core
biopsy.

B-mode US evaluation

The US examinations were performed
using an ML6-15 MHz linear transducer
(LOGIQ S8; GE Healthcare, Milwaukee, WI,
USA). All the relevant images were archived
in the Sectra IDS7 PACS system (Sectra AB,
Linkdping, Sweden) for further evaluation.
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The US examinations were performed by 3
different radiologists with 30, 17, and 6 years
of breast imaging experience. All the lesions
stored in the PACS system were evaluated by
two radiologists with 17 and 6 years of breast
imaging experience. The B-mode features
were determined by consensus between the
two radiologists.

The largest diameter of each lesion was
measured, and general B-mode US char-
acteristics were evaluated and recorded
according to the Fifth Edition of BI-RADS
US features. These features included shape
(round, oval, or irregular), orientation (par-
allel or non-parallel), margin (circumscribed,
non-circumscribed, indistinct, angular, mi-
crolobulated, or spiculated), echo pattern
(hyperechoic, hypoechoic, isoechoic, or
complex cystic/heterogeneous), and poste-
rior acoustic features (no posterior acoustic
features, enhancement, shadowing, or a
combination of features). The lesions were
then classified according to BI-RADS as fol-
lows: BI-RADS 3-probably benign; BI-RADS
4A-low suspicion of malignancy; BI-RADS
4B-intermediate suspicion of malignancy;
and BI-RADS 4C-moderate suspicion of ma-
lignancy.?*

Additional imaging evaluation

The patients were evaluated using the
additional imaging methods of mammog-
raphy (MG), tomosynthesis (TS) and magne-
tic resonance imaging (MRI). The MG and TS
examinations were conducted using a MG
device (Selenia, Hologic, Bedford, MA, USA).
As standard, in MG, each case had four ima-
ges [right-left craniocaudal and left-right
mediolateral oblique (MLO)]. If required, ad-
ditional positions were also obtained. Digital
breast TS was conducted in MLO positions in
standard modalities. The MG and TS exami-
nations were applied to patients of approp-
riate ages. In all these patients, B-mode US
examinations were conducted.

The MRI examinations were realized
using two different 1.5 T MRI devices: 1. In-
tera software (version 8.1; Philips Medical
Systems, Eindhoven, The Netherlands), 2. Gy-
roscan Achieva, (Philips, ACS-NT, Bothell, WA,
USA). Phased-array breast coils were app-
lied in the prone position. The conventional
sequences were as follows: precontrast axial
turbo spin echo (TSE) T1-weighted (T1W) [3-
mm slice thickness, 3.3 spacing, matrix: 512
% 512, field of view (FOV): 40, repetition time
(TR): 516 ms, echo time (TE): 80 ms, echo tra-
in length (ETL): 4], axial fat-saturated (SPIR)
TSE T2-weighted (3-mm slice thickness, 3

spacing, matrix: 512 x 512, FOV: 40, TR: 6,700
ms, TE: 120 ms, ETL: 30), after contrast ma-
terial administration (intravenously, 0.1-0.2
mmol/kg), axial dynamic gradient echo, T1W
high-resolution isotropic volume examinati-
on (2-mm slice thickness, 1 spacing, matrix:
480 x 480, FOV: 40, TR: 50,000 ms, TE: 2,500
ms, ETL: 40), and late postcontrast phase,
axial TSE, SPIRT1W (3-mm slice thickness, 3.3
spacing, matrix: 512 x 512, FOV: 42, TR: 550
ms, TE: 80 ms, ETL: 4). The MRI examinations
were applied to the patients who had suspi-
cious US and/or MG-TS findings to identify
solutions.

SWE evaluation

The elastography features were analyzed
after the B-mode US evaluation using a 9L
linear transducer (LOGIQ S8; GE Healthcare).
All three investigators had been trained by
GE Healthcare and subsequently performed
at least 20 SWE examinations under their
supervision. The most important aspect of
the SWE examination is avoiding probe com-
pression to prevent pseudo stiffness. In addi-
tion, to prevent motion artifacts, the patients
are asked to hold their breath and remain still
during the SWE examination, if required.

In the SWE evaluation, the lesions were
located within the central part of “elastici-
ty boxes,” which were as remote as possible
from skin and muscle tissues (unless these
tissues exhibited lesion involvement). During
the examination, the probe was applied as
lightly as possible to prevent pressure on the
lesion. The elastography image acquisition
time was approximately 10-20's, and a shear-
wave color map was obtained. The colors
ranged from dark blue to red, corresponding
to the lowest and highest degree of stiffness,
respectively. Both B-mode US and additional
SWE examinations were performed before
histopathologic evaluations.

The regions of interest (ROIs) were placed
on the most inelastic areas of the lesions ac-
cording to the shear-wave color map. The
maximum dimensions of the ROl were 3 X
3 mm. Elasticity values [E ,E E , and
standard deviation (SD)] were obtained in m/s
and k/Pa. All measurements were made and
recorded by radiologists with 17 and 6 years
of breast imaging experience, working inde-
pendently. Both radiologists were blinded to
the histopathologic diagnoses of the lesions.

Statistical analysis

The patients’ ages, largest lesion diame-
ters, histopathologic diagnoses, B-mode US
imaging findings, and final BI-RADS categori-
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zations were recorded. All statistical analyses
were performed using Statistical Package for
the Social Sciences version 24.0 software.

The chi-square test was performed to
evaluate categorical variables, and Fisher’s
exact test was used to compare indepen-
dent groups. Non-parametric tests were
used for further group analyses. The Krus-
kal-Wallis test was used to evaluate conti-
nuous data, which are presented as mean *
SD.The patients’ages and lesion dimensions
were compared between the two groups
using the non-parametric Mann-Whitney U
test. The mean elasticity values were evalua-
ted through the t-test, and Spearman’s cor-
relation coefficients were used to correlate
SWE data between the two observers. Re-
ceiver operating characteristic curves were
analyzed to evaluate the diagnostic perfor-
mance of the elasticity values. The Youden
index was used to define the optimal cut-off
value, and cut-off values were then calcu-
lated in terms of sensitivity and specificity.
The sensitivity, specificity, positive predi-
ctive value (PPV), and negative predictive
value (NPV) of the cut-off values were me-
asured. Statistical significance was defined
as P < 0.050.

Results

Patients

A total of 48 patients were included in
this study, of whom 26 (54.2%), diagnosed
with SFAs, were assigned to group 1. Group 2
comprised 22 (45.8%) patients, including 12
and 7 with diagnoses of CFAs and CeFAs, re-
spectively. Another three patients were diag-
nosed with complicated fibroadenomas (one
each with intraductal papilloma, chondroid
metaplasia, and myoid metaplasia).

The median (minimum-maximum) age
was 47.3 (24-68) years in group 1 and 42.09
(24-65) years in group 2. There was no statis-
tical difference in age between the groups (P
=0.722).

The median (minimum-maximum) diam-
eters of the lesions in groups 1 and 2 were
14.03 (5-30) and 19.04 (9-50) mm, respec-
tively. There was no statistical significance
between the groups (P = 0.130).

B-mode US findings

The distributions of the B-mode US fea-
tures of the lesions in both groups are pre-
sented in Table 1. There was no statistical
significance between the groups. The P value
of the echo pattern was 0.063. Although the
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P value was >0.050, all patients (n = 5) with
a complex cystic echo pattern were included
in Group 2.

The BI-RADS classification distribution is
shown in Table 2; no statistical significance
was identified between the two groups in
terms of the BI-RADS classification (P=0.783).

Additional imaging findings

Nineteen patients in Group 1 and 14 pa-
tients in Group 2 were evaluated using MG-
TS. In Group 2, 13 patients had a well-defined
nodular lesion, the lesion in 1 patient was an
irreqular contoured lesion, and 5 patients
had no findings from the MG-TS examina-
tions. In Group 2, well-defined nodular le-
sions were identified in eight patients, and
four had no findings.

MRI was performed on 13 patients in
Group 1 and on 9 patients in Group 2. In
Group 1, no enhancement was observed in
two lesions in two patients. All the lesions
exhibited enhancement without washout,
and in two lesions, slight enhancement was

five lesions were enhanced slightly. Hypoin-
tense linear septa were determined in nine
patients (five in Group 1 and four in Group 2).

SWE findings

Lesion elasticity was evaluated in terms
of both m/s and k/Pa. The elasticity values of

E ,E andE wereobtained by two ob-
max  mean’ min
ROC Curve
1,0
Source of the curve
Emean m/s
— Emax m/s
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— Emean k/Pa
08 —— Emax k/Pa
Emin k/Pa
—— Reference line
z 0,64
Z
=
0
c
[
n 0,44
0,24
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00 02 04 06 08 1,0
1 - Specificity

observed. In Group 2, all the lesions had late  Figure 1. Receiver operating characteristic curves of the elasticity (Emax, Emean, and Emin) values (in both m/s
phase enhancement with no washout, and  and k/Pa).
Table 1. Distribution of grayscale ultrasonography features in all groups
Grayscale US features Group 1 (n - %) Group 2 (n - %) P
Oval 16 - (61.5%) 10 - (45.4%)
Shape Round 7 - (27%) 10 - (45.4%) 0.408
Irregular 3-(11.5%) 2-(9.2%)
St Parallel 16 - (61.5%) 13-(59.1%)
Non-parallel 10 - (38.5%) 9 - (40.9%) 0.863
Circumscribed 6-(23.2%) 5-(22.7%)
Indistinct 1- (3.8%) 0
Margin N Angular 13- (50%) 9-(41%)
Microlobulated 5-(19.2%) 7-(31.8%) 0.767
Spiculated 1-(3.8%) 1-(4.5%)
Hypoechoic 16 - (61.5%) 14 - (41%)
Hyperechoic 1-(3.8%) 0
Echo pattern Isoechoic 0 1-(4.5%)
Heterogenous 9 - (34.7%) 7 -(31.8%) 0.063
Complex cystic-heterogeneous 0 5-(22.7%)
No posterior acoustic features 12-(41.2%) 16 - (72.3%)
Posterior acoustic features Enhancement e o
Shadowing 5-(19.2%) 1-(4.5%) 0.083
Combined 3-(11.5%) 4-(18.2%)
n, number of patients; US, ultrasonography.
Table 2. Breast Imaging Reporting and Data System classification distribution
BI-RADS classification BI-RADS 3 BI-RADS 4A BI-RADS 4B BI-RADS 4C P
Group 1 (n - %) 3-(11.5%) 17 - (65.4%) 4-(15.4%) 2-(7.7%)
Group 2 (n - %) 1-(4.5%) 14 - (63.6%) 5-(22.7%) 2-(9.2%) 0.783

n, number of patients; BI-RADS, Breast Imaging Reporting and Data System.
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Table 3. Mean elasticity values and P values of both observers’ measurements

Observer 1 Observer 2 P
5.4573 +2.10657 m/s 5.7354 + 1.77669 m/s
E Group 1 102.1231 + 71.41531 k/Pa 107.8373 +58.36010 k/Pa
max 7.8745 +1.32761 m/s 7.8455 + 1.30104 m/s
Group 2 190.8886 + 58.69822 k/Pa 189.4809 + 57.34698 k/Pa
4.6096 + 1.78241 m/s 4.9742 + 1.59203 m/s
E Group 1 72.6350 +48.21512 k/Pa 80.0615 +45.99172 k/Pa S
<0.
mean 7.0182 +1.21245 m/s 6.8927 + 1.25090 m/s
Group 2 151.9655 + 46.19820 k/Pa 146.3909 + 47.49218 k/Pa
3.6438 + 1.47768 m/s 3.7519 + 1.32861 m/s
£ Group 1 46.1835 + 35.88449 k/Pa 46.8531 + 32.56780 k/Pa
min 5.8005 + 1.31117 m/s 5.7614 + 1.37844 m/s
Group 2 107.0027 + 42.16296 k/Pa 104.7450 + 42.85316 k/Pa
E, elasticity.

servers, significantly differentiating between
Groups 1 (SFAs) and 2 (CFAs, CeFAs, and com-
plicated fibroadenomas) (all P values were
<0.001). All data, including the elasticity val-
ues and P values for the measurements of
both observers, are presented in Table 3.

The Spearman’s correlation coefficients
of the elasticity values (in both m/s and k/
Pa), obtained by the two observers, exhib-
ited high compatibility (P < 0.001). All the
Spearman’s correlation coefficient values are
shown in Table 4.

Receiver operating characteristic curves
were obtained for the E ,E andE val-
ues (in both m/s and k/Pa) (Figure 1). When
the cut-off value for E  to discriminate
between Groups 1 and ;a\x/vas 6.41 m/s, the
sensitivity, specificity, PPV, NPV, and area
under the curve (AUC) were 86.4%, 80.8%,

Table 4. Spearman’s correlation coefficient
values and P values of both observers’
measurements

m/s kPa P
E 0.958 0.959 <0.001
0970 0.974 <0.001
E 0.967  0.966 <0.001

E, elasticity.

Table 5. Distribution of sensitivity, specificity, PPV, NPV, and AUC according to the cut-off values of E

72%, 82.6%, and 0.820, respectively. A cut-off
value of 131.02 k/Pa for E  produced sensi-
tivity, specificity, PPV, NPr\n/TXand AUC values
of 81.8%, 73.1%, 69.2%, 81.8%, and 0.820, re-

spectively. A cut-off value of 5.79 m/s for E

revealed sensitivity, specificity, PPV, NPV, amr:at;
AUC values of 86.4%, 80.8%, 72%, 82.6%, and
0.874, respectively. When the cut-off value

Figure 2. (a) Brightness (B)-mode an ultrasonography (US) image of a 42-year-old female patient with a
palpable lesion on her left breast showing an oval-shaped solid breast lesion with indistinct contours and
heterogeneous echogenicity. (b) Shear-wave elastography (SWE) examination reveals a predominantly
green and yellow pattern. Maximum elasticity scores are 4.98 m/s or 74.41 kPa. The lesion was defined as
Breast Imaging Reporting and Data System (BI-RADS) 4A, and core needle biopsy was applied. The lesion
was diagnosed as a simple fibroadenoma. (c) A 46-year-old female patient. In the B-mode US image, the
lesion is well-defined with a circumscribed margin. The echo pattern of the lesion is complex cystic. (d) In
the SWE examination, the lesion has stiffer features with a predominantly red pattern. Maximum elasticity
scores were 8.08 m/s or 195.78 kPa. According to these imaging features, the lesion was categorized as Bl-
RADS 4A. An excisional biopsy was performed at the request of the patient, and the diagnosis was complex
fibroadenoma.

E ,andE
mean’ min

max’

Cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC P
6.41 m/s 86.4% 80.8% 72% 82.6% 0.820 0.065
Epax 131.02 k/Pa 81.8% 73.1% 69.2% 81.8% 0.820 0.142
5.79 m/s 86.4% 80.8% 72 % 82.6% 0.874 0.052
Epean 99.87 k/Pa 86.4% 80.8% 72% 82.6% 0.876 0.064
4.61 m/s 90.9% 80.8% 76% 76% 0.858 0.024
Epin 63.2 k/Pa 90.9% 80.8% 76% 86.9% 0.860 0.015

E, elasticity; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve.
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Figure 3. (a) Brightness (B)-mode ultrasonography (US) image of a 51-year-old female patient showing a
round, well-defined solid lesion with minimal heterogeneous echo pattern. The orientation of the lesion is
vertical. (b) The shear-wave elastography (SWE) image shows a predominantly red heterogeneous pattern
compatible with a stiff lesion. The maximum elasticity scores are 9.29 m/s or 259.14 kPa. As a result of the
combination of the B-mode and SWE findings, the lesion was categorized as Breast Imaging Reporting and
Data System (BI-RADS) 4A. The lesion was diagnosed as fibroadenoma including intraductal papilloma after
excisional biopsy. (c) A 36-year-old female patient with a growing palpable left breast lesion. In the B-mode
US image, the lesion is homogeneous hypoechoic. The shape of the lesion is oval with a circumscribed
contour and parallel orientation. (d) The SWE examination revealed a predominantly red pattern. The
lesion was defined as a stiff lesion with maximum elasticity scores of 7.73 m/s or 179.05 kPa. The lesion was
classified as BI-RADS 4A through both imaging and clinical findings. The lesion was excised and diagnosed

as cellular fibroadenoma.

of E was 99.87 k/Pa, the sensitivity, spec-

mean

ificity, PPV, NPV, and AUC were 86.4%, 80.8%,
72%, 82.6%, and 0.876, respectively. A cut-off
value of 4.61 m/s for E had sensitivity, spec-
ificity, PPV, NPV, and AUC values of 90.9%,
80.8%, 76%, 86.9%, and 0.858, respectively.
When the cut-off value of E was 63.2 k/Pa,

min

the sensitivity, specificity, PPV, NPV, and AUC

values were 90.9%, 80.8%, 76%, 86.9%, and
0.860, respectively (Table 5; Figures 2 and 3).

Discussion

This study demonstrated that the addi-
tion of SWE to conventional B-mode imaging
facilitates the differentiation of SFAs from
complex and complicated fibroadenomas.
This is significant because B-mode imaging
findings in fibroadenomas with suspicious
B-mode US features do not discriminate SFAs
from suspicious forms or variants. There are
pronounced differences in the treatment,
follow-up procedures, and potential risk of
malignancy between SFAs and other vari-
ants;'® therefore, interventions should be tai-

lored precisely to the diagnosis for optimal
patient management.' Additional SWE find-
ings enhance the diagnostic performance of
B-mode US findings.

The mean age in Group 1 was 47.3 years
(range: 24-68 years), whereas in Group 2,
it was 42.09 years (range: 24-65 years). The
mean age did not significantly differ be-
tween the two groups, although the patients
in Group 1 were older. Most of the patients in
Group 2 were diagnosed with CFAs, and their
age distribution was similar to that in the lit-
erature. In a study by Pinto et al.”’, the age
distribution of patients with SFAs and CFAs
was similar to that in our study.”*However, in
another study, patients with CFAs were older
than those with SFAs, which was considered
to be related to the transformation of com-
plex characteristics with older age.” In our
study, the younger age of Group 2 patients
was related to heterogeneous diagnoses,
which included CeFAs and complicated fi-
broadenomas. Edwards et al.? reported that
the age of the patients with CeFAs in their
study was 35.2-32.7 years. Notably, our insti-
tution is a tertiary hospital for breast imaging

and treatment, and patients are referred re-
gardless of age.

In this study, the mean diameter of the
lesions was smaller in Group 1 (14.03 + 7.3
mm) than in Group 2 (19.04 + 11.4 mm), alt-
hough this was not statistically significant.
This is consistent with the literature.™'” The
smaller mean diameter in Group 1 in our
study was attributed to the older age of this
group because SFAs decrease in size and reg-
ress with age.” The larger diameters of the
Group 2 lesions were attributed to the trans-
formation of the complex characteristics of
fibroadenomas."

In our study, the B-mode US features did
not differentiate between the two groups.
Most of the lesions in Group 1 were oval. In
Group 2, there were equal numbers of oval
and round lesions. However, no statistical
significance was identified between the two
groups in lesion shape, which is consistent
with the literature.”>” Although there were
more lesions with non-circumscribed than
circumscribed contours in both groups,
the difference was non-significant, which
is contrary to the literature.” The lesions in-
cluded in this study were all nominated for
histopathologic evaluations according to
the BI-RADS categorization. We did not eval-
uate the SFAs without any changes during
the follow-up period, which we believe ac-
counted for the majority of the non-circum-
scribed lesions. The orientation and posterior
acoustic characteristics were not statistically
significant between the two groups. In both
groups, most lesions were in a parallel orien-
tation, as is reported in the literature.” The
lesions in our study typically exhibited no
posterior acoustic features. Five lesions in
Group 2 had a complex cystic echo pattern,
which was not detected in any Group 1 le-
sions. In the studies by Basara Akin et al.” and
Pinto et al. >, a complex cystic echo pattern
was identified significantly more frequently
than any other pattern in CFAs; we attribute
this echo pattern to the histopathologic fea-
tures of CFAs. None of the lesions in either of
our groups had parenchymal calcifications.

In our study, 19 patients in Group 1 and
14 in Group 2 were evaluated using MG and
TS. In all these images, no specific imaging
findings discriminated the groups from
each other. The major imaging finding was
well-defined nodular lesions. Additionally,
MRI was performed in 13 patients in Group
1and 9in Group 2. In both groups, the main
MRI findings were diffuse enhancement
without washout, hypointense linear septa
in the lesions, and enhancement in the le-
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sions. The ages in each group were similar,
and consequently, the menopausal statuses
of the patients revealed no differences. Ad-
ditionally, no specific difference was detect-
ed in risk factors. All these imaging findings
and demographic features were insufficient
to provide a prominent contribution to the
diagnoses and prevent unnecessary inter-
ventional procedures. The SWE features
were the main features that discriminated
between the two groups. All the lesions in
both groups were benign. In clinical practice,
US is the main imaging modality for evalu-
ating solid breast lesions; although benign,
they are generally classified as BI-RADS 4.2
While BI-RADS 4 lesions are suspicious for
malignancy, the actual rate of malignancy
varies between 3% and 94%. These lesions
are diagnosed through either core biopsy
or surgical excision, and SFAs should be fol-
lowed up with appropriate procedures.’” As
CFAs have an increased risk of malignancy,
particularly when accompanied by periph-
eral hyperplastic changes, surgical excision
with large and clean surgical margins is
recommended for optimal treatment.!” All
CeFAs are challenging to treat. Histopatho-
logic evaluations of core biopsy materials
in CeFAs have revealed variations in stroma
composition along with glands with a high
cellular content.? This makes it difficult to
distinguish between CeFAs, other fibroad-
enoma variants, and phyllodes tumors in
histopathologic evaluations.®?® There are
no guidelines for the management and fol-
low-up of CeFAs.? The surgical excision of
biopsy-proven CeFAs is a logical treatment
option for an accurate diagnosis and can
also inform follow-up treatment. In the lit-
erature, few studies exist on complicated
fibroadenomas. Although data regarding
these lesions are limited, the increased risk
of malignant transformation of such lesions
with hyperplastic contents is the most con-
cerning aspect. As the optimal follow-up
procedure is unclear, surgical excision is the
recommended treatment option.

In the literature, various studies have
discussed the diagnostic performance of
additional SWE findings for differentiating
malignant and benign breast lesions and for
evaluating fibroepithelial lesions, including
fibroadenomas.??*?”3! Two studies have eval-
uated the contribution of SWE findings to
the diagnosis of fibroadenomas.>?° Evans et
al.? evaluated both B-mode US and SWE fea-
tures for diagnosing fibroadenomas in the
absence of biopsy, concluding that, because
clinically benign solid breast lesions with be-
nign B-mode US and SWE findings exhibited

no malignant transformation, biopsy and
follow-up procedures were unnecessary. In
a study of 700 symptomatic breast lesions,
none of the lesions were cancerous accord-
ing to B-mode US and SWE examinations.*
Another study examined whether SWE and
color Doppler US findings could prevent the
unnecessary surgical excision of fibroepi-
thelial lesions, including SFAs and phyllodes
tumors diagnosed through core biopsies.?
LowerE andE values were obtained for
SFAs than for phyTIaades tumors.? In the liter-
ature, a combination of B-mode US and SWE
features has been evaluated to differentiate
between SFAs and phyllodes tumors. In our
study, different fibroadenoma variants and
forms were evaluated, revealing that B-mode
US features were ineffective for differentiat-
ing SFAs from forms with higher malignant
transformation potential. A cut-off E  value
of 63.2 k/Pa demonstrated higher se"ﬁréitivity
(90.9%), specificity (80.8%), PPV (76%), and
NPV (86.9%) values than all other cut-off val-
ues.

Combining SWE and conventional US
imaging findings is useful for evaluating,
and potentially downgrading or upgrad-
ing, BI-RADS 3-4A lesions.?* A multinational
study of 939 breast lesions by Berg et al.®
revealed that combining SWE features with
BI-RADS characteristics improved the spec-
ificity and accuracy of the diagnoses. In our
study, although all the lesions were benign,
additional SWE findings made a major con-
tribution to the differentiation of SFAs from
other forms. In our patients, the application
of MG and/or TS did not make any differ-
ence in the downgrading or upgrading of
BI-RADS classifications. The MRI findings
were all evaluated using a combination of
other imaging modality findings, specifical-
ly, B-mode US and SWE findings. Although
enhancement patterns had generally un-
suspicious features, enhancing lesions
with suspicious US and SWE findings were
upgraded and histopathologic evaluations
were performed.

Our study has several limitations. First and
most importantly, the number of patients
was limited. In addition, particularly in Group
2, patients were not homogeneous in terms
of diagnoses. By increasing the number of
patients in both groups and the diagnostic
homogeneity of Group 2, SWE findings could
be more discriminative. Second, we evaluat-
ed quantitative SWE characteristics. In anoth-
er study, qualitative SWE features, including
lesion shape and the homogeneity of elas-
ticity within lesions and surrounding tissue,
were evaluated in addition to quantitative
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features. SWE images were also obtained,
and lesion diameter, perimeter, and area
were measured. Furthermore, diameter ra-
tios and mass areas on B-mode and SWE im-
ages were calculated. These measurements
increased the specificity.?? Adding qualita-
tive elastography features to B-mode and
quantitative elastography findings may sig-
nificantly increase diagnostic performance
in larger patient series. As a final limitation,
our study was retrospective, only evaluating
lesions with known pathologic diagnoses. A
prospective study including follow-up could
validate our results.

In conclusion, adding SWE to convention-
al B-mode examinations can increase the
ability to differentiate SFAs from more CFAs.
To the best of our knowledge, this is the only
study to evaluate additional SWE features to
diagnose suspicious fibroadenomas. A clas-
sification of BI-RADS 4, particularly the BI-
RADS 4A subdivision, is associated with low
malignancy rates. Although SFAs are benign,
for a final diagnosis, interventional methods
are required in suspicious cases. Combining
non-invasive SWE and B-mode US examina-
tions facilitates discrimination between SFAs,
CFAs, and CeFAs. Finally, SWE may be useful
for optimizing the diagnosis of fibroade-
nomas and avoiding unnecessary biopsies,
which can cause confusion and anxiety in
patients.
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