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A B S T R A C T   

Fibroadenomas are the most common benign breast lesions in women. Hormonal activities, particularly an in
crease in oestrogenic activity, have an important role in the aetiology of fibroadenomas. They are commonly 
detected incidentally. Most fibroadenomas have similar imaging findings and these lesions can be defined as 
simple fibroadenomas (SFAs). However, due to different histopathologic characteristics and components, vari
ants of fibroadenomas have been described. These variants include; juvenile, giant, complex, myxoid, cellular, 
and hyalinised fibroadenomas. The diagnoses of these variants are important. They have different clinical be
haviours, potential for malignant transformation, and treatment strategies. We present imaging findings of SFAs 
and other variants of fibroadenomas. To our knowledge, there is no review in which imaging findings of all 
fibroadenoma variants are presented together.   

1. Introduction 

Breast masses can be classified in a wide spectrum of aetiologies with 
malignant and benign diagnoses. Invasive ductal carcinoma is the most 
common malignant lesion whereas fibroadenoma is the most common 
solid benign breast lesion [1], with a reported prevalence of 15–23% in 
autopsied cases [2]. These lesions are more common in black women 
than in white women [2]. Although the incidence peaks during the third 
decade of life [2], 50–60% of benign breast lesions in adolescents and 
young female patients are fibroadenomas [3]. 

Hormonal activities, particularly an increase in oestrogenic activity, 
have an important role in the aetiology of fibroadenomas. As hormone- 
dependent neoplasms, the dimensions of fibroadenomas increase during 
pregnancy and lactation and then decrease during the perimenopausal 
period [4]. Oral contraceptive use before the age of 20 years increases 
the risk of fibroadenoma development [4,5]. An immunosuppressed 
status, Epstein–Barr virus infection, and organ transplantation using 
cyclosporine are additional risk factors for fibroadenoma development 
[6,7]. 

Fibroadenomas are often detected incidentally in the clinic as pain
less, palpable, and mobile masses. Approximately 10–20% of fibroade
nomas are present as multiple or bilateral masses [8]. Their size varies, 
typically ranging from 2 to 3 cm [9]. The clinical behaviour also varies, 
exhibiting progression, a stable course, or regression during follow-up 
[9]. With rapidly progressing lesions, spontaneous infarcts, necrosis, 
or calcifications can develop [1]. 

Fibroadenomas arise from terminal duct lobular units [1]. Fibroa
denomas present macroscopically as well-circumscribed, lobulated, and 
tan- or white-coloured, solid lesions with a rubber-like consistency. They 
may include calcifications and slit-like spaces [10]. Microscopic histo
pathologic evaluation shows biphasic lesions, consisting of stromal and 
epithelial components, with an epithelial proliferation surrounded by 
fibroblastic stroma [11]. 

The above macroscopic and microscopic histopathologic features 
describe classic fibroadenomas, which are defined as simple fibroade
nomas (SFAs). However, due to different histopathologic characteristics 
and components, variants of fibroadenomas have been described, 
including juvenile, giant, complex, myxoid, cellular, and hyalinised 
fibroadenomas [12]. Recognition and diagnosis of these variants is 
critically important because they have different clinical behaviours, 
potential for malignant transformation, and treatment strategies. In this 
pictorial review, we aimed to present imaging findings of SFAs and other 
variants of fibroadenomas. 

2. Fibroadenoma variants and typical imaging findings 

2.1. Simple fibroadenoma 

The microscopic histopathologic characteristics of SFAs have classic 
features; because there is no stromal atypia, the stromal cellularity is 
similar to that of perilobular stroma. Also, there is no or sparse mitotic 
activity [7]. 
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On mammography (MG) examination, the lesion shape is typically 
round or oval and may have macrolobulated features, the contours are 
well circumscribed, and the lesion may be isodense or hyperdense. 

Perilesional thin halo sign is frequently seen due to the Mach effect 
(Fig. 1). At postmenopausal period over the fifth and sixth decades, SFAs 
may exhibit involutional changes and thus calcifications that are benign 
and coarse. Calcifications first occur in the peripheral part of the lesion, 
and over time these calcifications conjoin and become rough, called 
popcorn calcifications (Fig. 2). The importance of this finding is that no 
further routine follow-up procedure is needed for these lesions. How
ever, dystrophic calcifications can occur early on with these involutional 
calcifications, and it is often difficult to distinguish them from suspicious 
malignant calcifications, such as pleomorphic ones (Fig. 2). For these 
lesions, biopsy and possible excisional procedures are needed to deter
mine the exact diagnosis [1,9]. 

Nevertheless, MG findings commonly overlap with the imaging 
findings of other benign lesions, such as cysts, or those of well-defined 
malignant lesions. As a result, an additional imaging method, typically 
ultrasonography (US), is used. US examination shows the internal 
characteristics of the lesions. In US examination, the shape and contour 
features of the lesions are similar to those on MG. Echotexture is ho
mogeneous and either isoechoic or hypoechoic. One important charac
teristic of US findings of especially SFAs is the orientation of the lesion, 
which is parallel to breast tissue and skin. Another important finding of 
SFAs is internal echogenic fibrous septa [13]. As a result of peripheral 
breast parenchymal compression by the lesion, a pseudocapsule may 
form, which is seen as an echogenic perilesional structure [14]. When 
involutional changes such as necrosis or calcifications occur, the echo
texture becomes heterogeneous [1,14]. Less acoustic enhancement than 
that of cysts, edge enhancement, and abrupt interfaces are commonly 
seen. However, if calcifications occur, acoustic shadowing may be seen 
(Fig. 3) [15]. Coloured Doppler US examination reveals vascularisation 
in 80% of SFA cases, and this is more common in young patients (Fig. 4) 
[14,16]. 

On US elastography, most SFAs have low stiffness, with similar 
findings to those of the adjacent breast tissue. On strain elastography, 
the lesions typically have an elasticity score of 1–3. Calcifications 
resulting from involutional changes or fibroadenomas >2 cm may result 
in a false-positive malignancy with high stiffness, with a score of 4 or 5 
[17]. Additionally, due to peri- and intralesional compression and 
capsule stretch, elastographic findings sometimes show malignant lesion 
features (Fig. 4) [18,19]. 

The magnetic resonance imaging (MRI) findings of SFAs also vary. 

Fig. 1. MG images of two different patients; round and oval shaped, isohyperdense, well circumscribed SFAs are seen (arrows) (a). Perilesional thin halo sign due to 
the Mach effect is seen (arrows) (b). 

Fig. 2. MG images of three different patients; involutional, benign calcifica
tions are detected. In a 53-year-old female patient, the occurrence and prolif
eration of benign popcorn calcifications from peripheral to central zone 
between 2003 and 2018 are seen (a). In a 57-year-old female patient, there are 
dystrophic calcifications occurred at early stage of involution (arrow) (b). 
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Shape and contour features are similar to those seen on MG and US. On 
T1-weighted images, the lesion is isointense with the surrounding breast 
tissue. T2 signals change according to the content of the lesion. Typi
cally, in dynamic sequences, progressive enhancement is seen. An 
important MRI finding is non-enhancing hypointense internal septa in 
an enhancing solid lesion; in more than 95% of SFA, this finding is 
diagnostic. However, the absence of internal septa does not rule out an 
SFA (Fig. 5) [20]. 

2.2. Juvenile fibroadenoma 

Juvenile fibroadenoma (JFA) is a rare (7–8%) fibroadenoma variant 
[1,21]. JFAs are commonly seen in adolescents between the ages of 10 
and 18 years [21]. On macroscopic histopathologic evaluation, the le
sions are typically circumscribed. Microscopic histopathology reveals 
both stromal and epithelial hypercellularity [22]. Clinically, JFAs are 
painless and enlarge rapidly; this rapid growth can cause aesthetic 
problems as a result of breast hypertrophy or asymmetry [23], and ul
ceration in the skin and superficial venous distension may be seen [1]. 
JFAs are common in African American adolescents and frequently pre
sent as multiple, bilateral lesions in this population [22]. 

As JFAs are commonly seen during early childhood and adolescence, 
on radiologic evaluation, MG examination is neither recommended nor 
necessary [24]; US is the main diagnostic examination. The US features 
of JFAs are similar to those of SFAs, with a circumscribed oval shape, 
parallel orientation, hypo-isoechoic echotexture, and posterior acoustic 
enhancement may also be seen [25,26]. Increased vascularity is typi
cally seen on Doppler US [26]. The sonoelastographic and MRI findings 
of JFAs are similar to those SFAs (Fig. 6). T1 signals are hypo-isointense, 
whereas T2-weighted images are typically hyperintense as a result of 

hypercellularity. Enhancement changes the characteristics, and, like 
SFA, non-enhanced internal hypointense septa are seen. The clinical 
findings, patient’s age, and lesion size >5 cm are important character
istics for JFA diagnosis [27]. 

2.3. Giant fibroadenoma 

Giant fibroadenoma (GFA) is another rare (0.5–2%) variant of 
fibroadenomas. GFAs are large (>5 cm, >500 g) lesions [27,28] seen in 
women during the premenopausal period, particularly before the age of 
30 years [29]. In fact, GFAs in patients between the ages of 10 and 18 
years are defined as JFAs, which eventually become GFAs as a result of 
rapid growth [30]. GFAs are most common in African American as well 
as East Asian females. Similar to JFAs, rapid growth can cause aesthetic 
problems as a result of breast hypertrophy and asymmetry [23]. All 
imaging features are similar to those of JFAs (Fig. 7). 

2.4. Complex fibroadenoma 

An important variant of fibroadenoma is complex fibroadenoma 
(CFA), defined as fibroadenoma comprising at least one or more com
plex pathologic characteristics, including cysts >3 mm, epithelial cal
cifications, sclerosing adenosis, and papillary apocrine metaplasia [31]. 
CFAs comprise 22% of histopathologically proven fibroadenomas. The 
presence of a CFA increases the risk of invasive breast cancer develop
ment 3.1 fold compared with the normal population; the risk of invasive 
breast cancer is increased 1.89 fold in women with SFAs. Both in the 
normal population and women with SFAs or CFAs, an increased malig
nancy risk is typically related to perilesional benign proliferative 
changes and an elevated familial risk of breast cancer [32]. Additionally, 

Fig. 3. B mod US image of 32-year-old female patient; there is oval shaped, well circumscribed, hypoechoic solid lesion. The lesion is in parallel orientation to breast 
tissue and skin (a). US images of two different SFAs; there are echogenic fibrous septa (arrows) (b). A-36-year-old female patient, ovoid, well defined, SFA diagnosed 
lesion, US image reveals an echogenic perilesional pdeudocapsular structure formed due to peripheral breast parenchymal compression (arrows) (c). Heterogeneous, 
irregular shaped, vertical orientated solid lesion. There is a posterior acoustic shadowing. In MG examination there are calcifications in this SFA diagnosed lesion (d). 
US images of a cyst (e) and SFA (f); there are posterior acoustic enhancements (arrows). The enhancement is cleaner in cyst. 
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Fig. 4. Doppler US image of a 25-year-old female patient shows peripheral vascularization (a). Strain elastography images of a 42-year-old female patient, the lesion 
has low stiffness and in colour map, blue-green colours are dominant (b). A SFA diagnosed and 5 cm measured solid lesion includes focal areas with high stiffness (c). 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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this increased malignancy risk is not limited to the lesion site; any site in 
the same or contralateral breast may be affected by the malignancy [32]. 
Patients who have changes in their lesions which are followed-up or 
patients with imaging BI-RADS 4 findings biopsy applications are 
applied. Treatment approaches may vary in CFAs. In our institution, 
although it may be a very protective approach, our protocol is total 
excision of complex fibroadenomas when diagnosed in core biopsy. As a 
result, the treatment of CFAs is total surgical excision with clean margins 
and close optimal radiologic follow-up [33]. 

Although there is an increased risk of malignancy with CFAs, the 
imaging findings of CFAs are fundamentally similar to those of SFAs. On 
MG, CFAs are generally well defined with a round or oval shape. Lesions 
may include either popcorn or coarse heterogeneous calcifications. 
Focal asymmetry can be seen in a limited number of cases (Figs. 8,. 9) 
[34]. 

The US findings of CFAs resemble the MG findings, with no 

distinctive features [35]. Pinto et al. reported that most CFAs are oval, 
circumscribed, and parallel in orientation with no posterior acoustic 
enhancement or calcification content (Fig. 9) [36]. Despite this, an 
irregular shape, non-circumscribed contour, complex echo pattern, 
microcalcification content, and posterior acoustic enhancement are 
more common in CFAs than in other fibroadenoma variants [36]. Those 
authors concluded that the most relevant findings of CFAs are a het
erogeneous echotexture, non-circumscribed margin with posterior 
acoustic enhancement, and parallel orientation. Additionally, they 
showed that epithelial calcification and cysts >3 mm are more common 
among CFAs (Fig. 10) [36]. 

To our knowledge, no study has specifically described the US elas
tographic findings of CFAs. As B-mode US findings, US elastography 
findings are similar to SFAs. In strain elastography, the elasticity score of 
CFAs is typically 1, 2, or 3. CFAs with a large size and calcification 
content are stiffer, which can cause false-positive results (Fig. 10). 

The MRI findings of CFA are similar to those of SFAs and other 
fibroadenoma variants, with no specific, distinctive finding (Fig. 11). 

2.5. Myxoid fibroadenoma 

Myxoid fibroadenoma (MFA) is a histologic subtype of fibroadeno
mas with abundant myxoid matrix content and a hypocellular stroma 
[37]. MFAs may be associated with Carney complex [38], an autosomal 
dominant syndrome characterised by endocrine over-activity and spotty 
skin pigmentation; these MFAs have an increased risk of non-breast 
tumour development. The associated tumours are mainly myxomas 
(cardiac or cutaneous), pituitary adenomas, or psammomatous mela
notic schwannomas [39]. 

On radiologic evaluation, MG and US findings do not show any 
distinctive characteristics (Figs. 12, 13). In most MFA cases, the MRI 
findings are similar to those of other variants, such as hypointense T1 
and hyperintense T2 signals. In dynamic images, MFAs demonstrate 
prominent, rapid enhancement with washout. Pharmacokinetically, 
type 3 signal-intensity curves are seen, suggestive of malignancy 
(Fig. 14) [40]. 

2.6. Cellular fibroadenoma 

Cellular fibroadenoma (CeFA) is a fibroadenoma variant charac
terised by high stromal cellularity that is uniform and lacks stromal 
atypia [41,42]; the cellularity can be classified as focal or mild. CeFAs 
are usually seen in young women, and the cellularity declines with age 
[43]. On histopathologic evaluation, there are overlapping features, 
particularly with benign phyllodes tumours (PT). Under core-needle 
biopsy, a diagnosis of CeFA can change to one of PT or vice versa after 
surgical examination (Fig. 15) [41]. 

There are no distinguishing radiologic characteristics of CeFAs 
(Fig. 16). 

2.7. Hyalinised fibroadenoma 

Hyalinised fibroadenoma (HFA) is another variant of fibroadenoma, 
particularly found in older women, with less cellular and more sclerotic 
patterns. Hyalinisation and necrotic changes accompany epithelial 
atrophic changes, and calcifications usually develop [44,45]. These 
calcifications are either popcorn, coarse, eggshell, or suspicious, such as 

Fig. 5. MRI images, in a 51-year-old female patient, the lesion is hypo
intentense on T1 weighted (a), hyperintense on T2 weighted (b) images. In 
other 47-year-old female patient, the lesion is hypointense in both T1 and T2 
weighted (c–d) images. US and subtraction MRI images of SFA diagnosed lesion 
reveal hyperechogen and hypointense, non-enhancing internal septa (ar
rows) (e). 
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Fig. 6. B mod US images of different JFA diagnosed patients; a 14-year-old (a), a 16-year-old (b), and a 22-year-old (c) patients. The lesions are hypo-isoechoic and 
minimal heterogeneous with round (a, b) and oval (c) shapes. The lesions have circumscribed margins. Doppler US image reveals increased vascularity in the lesion, 
which is diagnosed as JFA (d). Strain elastography in JFA shows diffuse blue colour compatible with low stiffness (e). (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.) 
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Fig. 7. B mod US (a) and Doppler US (b) images of a 23-year-old female patient with GFA; the lesion is in round shape with lobulated margins. Lesion is hypoechoic 
with minimal heterogeneous echotexture. Additionally, there is a prominent posterior acoustic enhancement. Minimal vascularity is seen in the lesion. MRI images of 
a16-year-old female patient with GFA; the giant lesion is hypointense on T1 weighted (c), hyperintense on T2 weighted (d) images. The lesion has avid and diffuse 
enhancement on dynamic sequence (e) and shows type 2 signal-intensity curve (f). 
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pleomorphic, linear, or branching [45]. 
MG is an important imaging method especially for HFAs. As patients 

with HFAs are typically older than those with other fibroadenoma var
iants, MG is frequently used as the initial imaging method, with calci
fication being an important finding. Benign ones, such as popcorn or 
capsular calcifications, do not cause any problem for diagnosis or follow- 

up and are predominantly located at marginal peripheral sites of the 
lesion [45]. However, suspicious types, such as pleomorphic or 
branching calcifications, are challenging for diagnosis: these patients are 
commonly referred for biopsy. The size and distribution of the calcifi
cations are important in the evaluation (Fig. 17). Microcalcifications 
with linear segmental distribution are thought as suspicious for malig
nancy [45]. As a result of hyalinisation and necrosis, degeneration, and 
involutions occur, and these changes result in suspicious imaging find
ings, such as an irregular shape and obscured, microlobulated, indis
tinct, and spiculated margins. HFAs have a variety of densities, but high- 
density lesions are predominant (Fig. 18) [44,45]. 

To our best knowledge, there are no studies that specifically 
described the US findings of HFAs. However, according to our experi
ence, US typically shows heterogeneous lesions, resulting from degen
erative changes, similar to the MG findings. The margin and shape 
features of HFAs are similar on MG and US. As a result of the calcifi
cation content, posterior acoustic shadowing is a common finding on US. 
Doppler US findings cannot differentiate HFAs from other variants. On 
sonoelastography, the lesion becomes stiffer as the calcification content 
increases (Fig. 19). 

On MRI, HFAs have different T1 and T2 signals. In a dynamic 
sequence, HFAs show low and slow enhancement because of sclerotic 
and hyalinised changes (Fig. 20) [46]. 

Distinctive imaging and special findings of different variants are 
shown in the table (Table 1). 

3. Radiologic evaluation and follow-up 

Fibroadenomas may be classified as BI-RADS 3 lesions according to 
their imaging findings. Round or oval shape, circumscribed margins, 
parallel orientation, internal hyperechogenic septa, no or low posterior 
acoustic enhancement, and low enhancement with non-enhancing in
ternal hypointense septa are typical findings of fibroadenoma, which are 
compatible with the BI-RADS 3 classification [46–48]. Fibroadenomas 
with course or popcorn calcifications may be classified as BI-RADS 2.       

Fig. 8. MG images of different CFAs; the lesion is oval shaped, well defined and hyperdense (arrow) (a). Isodense lesion shows microlobulated and obscured margins 
(arrow) (b). There is an asymmetric increased density at the lower quadrant of right breast in the area of the lesion (arrow) (c). 

Fig. 9. MG (a), B mod US (b) and Doppler US (c) images of a 37-year-old fe
male patient with CFA; in MG image, there is an oval, hyperdense nodular 
lesion at the inner quadrant of the right breast. The lesion includes multiple, 
clustered pleomorphic calcifications (arrow). US image shows parallel orien
tation, echogenic milimetric calcification, and no acoustic enhancement and 
there is cystic component in the lesion. In the solid components of the lesion 
Doppler US reveals increased vascularities. 

I. Basara Akin and P. Balci                                                                                                                                                                                                                  



Clinical Imaging 71 (2021) 83–100

91

Fig. 11. MRI images, in 42-year-old female patient (a, b and c) and 35-year-old patient (d, e and f) with CFAs; the lesions are both hypointentense on T1 weighted 
images (a, e), hypointense with milimetric focal hyperintensities (b) and hyperintense (e) on T2 weighted images. In dynamic sequences, the lesion in the first patient 
shows very low enhancement (c) whereas the other lesion shows prominent enhancement (f). 

Fig. 10. B mod US images of CFA diagnosed patients. The lesions have heterogeneous echotextures. Lesions are oval-round (a, b and c) and irregular (d) shapes. All 
the lesions have non-circumscribed margins and all of them are in vertical orientations. Lesions include epithelial calcifications (arrows) (b, d) and cysts (arrows) (c). 
Strain (e, f) and shear-wave (g) elastography images; the lesions have different stiffness. Shear-wave elastography reveals high stiffness values. This lesion is 
diagnosed as CFA with chondroid metaplasia. The authors thought that the high values had been dependent on these metaplastic changes. 
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Additionally, fibroadenomas that remain stable after 24 months are 
downgraded to BI-RADS 2. 

In some cases, the imaging findings are challenging. Lesions with 
suspicious findings are classified as BI-RADS 4A according to the MG, US 
and MRI findings as BI-RADS 4. BI-RADS 4 lesions have a rate of ma
lignant transformation of 3–10% for BI-RADS 4A, 10–50% for BI-RADS 

4B and 50–95% for BI-RADS 4C [48]. When they include suspicious 
imaging features all fibroadenoma variants may be classified as BI-RADS 
4A/4B/4C, but this particularly true for CFAs and CeFAs with suspicious 
imaging findings. Irregular shapes, non-circumscribed margins, non- 
parallel orientations, heterogeneous echogenicities, and posterior 
acoustic shadowing are suspicious imaging findings compatible with BI- 

Fig. 12. MG images of three different patients with MFAs; the lesion is oval shaped, well defined and isodense (arrow) at the outer quadrant of left breast (a). 
Hyperdense, non-circumscribed lesion shows obscured margins (arrow) (b). There is an asymmetric increased density at the lower quadrant of left breast in the area 
of the lesion (arrow) (c). 

Table 1 
Distinctive imaging and special findings of different variants  

Fibroadenoma 
variant 

Mammography Ultrasonography Magnetic resonance imaging Specific findings 

Simple 
fibroadenoma 

Do not show any distinctive 
characteristics 

Do not show any distinctive characteristics Non-enhancing hypointense 
internal septa in an 
enhancing solid lesion; in 
more than 95% of SFA 

The microscopic histopathologic 
characteristics have classic features; because 
there is no stromal atypia, the stromal 
cellularity. There is no or sparse mitotic 
activity 

Juvenile 
fibroadenoma 

Neither recommended nor 
necessary 

Increased vascularity is typically seen on 
Doppler US 

T2-weighted images are 
typically hyperintense as a 
result of hypercellularity 

Commonly seen in adolescents between the 
ages of 10 and 18 years. They are painless 
and enlarge rapidly 

Giant 
fibroadenoma 

All imaging features are 
similar to those of JFAs 

All imaging features are similar to those of 
JFAs 

All imaging features are 
similar to those of JFAs 

They are seen in women during the 
premenopausal period, particularly before 
the age of 30 years. Patients between the 
ages of 10 and 18 years are defined as JFAs, 
which eventually become GFAs as a result of 
rapid growth 

Complex 
fibroadenoma 

Do not show any distinctive 
characteristics 

Most relevant findings are heterogeneous 
echotexture, non-circumscribed margin with 
posterior acoustic enhancement, and parallel 
orientation. Additionally, epithelial 
calcification and cysts >3 mm are more 
common 

Do not show any distinctive 
characteristics 

The presence of a CFA with perilesional 
benign proliferative changes and an elevated 
familial risk of breast cancer may increase 
the risk of invasive breast cancer 
development 

Myxoid 
fibroadenoma 

Do not show any distinctive 
characteristics 

Do not show any distinctive characteristics High signal intensity on T2 
weighted images 
Rapid wash-out on dynamic 
images 

May be associated with Carney complex 

Cellular 
fibroadenoma 

Do not show any distinctive 
characteristics 

Do not show any distinctive characteristics Do not show any distinctive 
characteristics 

Overlapping histopathologic features, 
particularly with benign phyllodes tumours. 
Diagnosis of CeFA can change after surgery 

Hyalinised 
fibroadenoma 

MG is frequently used as the 
initial imaging method, with 
calcification being an 
important finding 

Lesions may be heterogeneous, resulting 
from degenerative changes, similar to the MG 
findings 

They show low and slow 
enhancement because of 
sclerotic and hyalinised 
changes 

Particularly in older women, with less 
cellular and more sclerotic patterns  
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Fig. 13. B mod US images MFAs in four different patients. The lesion is in parallel orientation, oval shaped, hypoechoic, with internal echogenic septa (arrows) (a). 
There is bilobulated, hypoechoic, oval shaped solid lesion with posterior acoustic enhancement (b). The lesion has well defined contour and oval shape. There is 
posterior acoustic enhancement (c). The complex cystic lesion is isoechoic and there is posterior acoustic enhancement (d). Doppler US images of two different MFAs 
show mild vascularization in the lesions (e, f). Strain elastography examination reveals stiffer areas in the lesion (g). 
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Fig. 14. MRI images, in 33-year-old female patient (a, b, c and d) and 48-year old female patient (e, f, g) with MFAs; the lesions are both hypointentense on T1 
weighted images (a, e), isohyperintense (b) and hyperintense (f) on T2 weighted images. In dynamic sequences, the lesions show very low enhancement (d, g) with 
type 3 signal-intensity curve (d). 
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Fig. 15. B mod US (a), Doppler US (b), strain elastography (c) and MRI (d, e and f) images of a 27-year-old female patient with CeFA. The lesion is hypoechoic, oval 
shaped and well defined. In Doppler US image, there is mild vascularization and elastography shows focal stiffer area at the posterior part of the lesion (arrow). In 
MRI images, lesion is hypointense in both T1 (d) and T2 (e) weighted images. Dynamic sequence reveals diffuse enhancement (f). As a result of these imaging 
findings, core biopsy was applied, and the diagnosis was phyllodes tumour. After lesion excision, the diagnosis changed to CeFA. 
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Fig. 16. Images of 42-year-old (a, b and c) and 35-year-old (d-f) female patients. MG image of the first patient shows round, hyperdense nodular lesion. Anterior 
contours of the lesion are obscured (a). US image revealed, well defines, solid, hypoechoic lesion. Lesion has semi-vertical orientation and posterior acoustic 
enhancement (b). The lesion has diffuse high stiffness in strain elastography (c). In B mod US image of the second patient, the lesion is in irregular shape and has non- 
circumscribed contours (d). MRI images show that, the lesion is hypointense on T1 weighted (e), iso-hypointense on T2 weighted (f) images and there is diffuse, 
prominent enhancement in dynamic sequence (g). 
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RADS 4 [48]. Notably, high enhancement and type 3 pharmacokinetic 
curves in MFAs, suspicious pleomorphic, branching calcifications in 
HFAs, and large dimensions in GFAs and JFAs are specific suspicious 
imaging findings leading to BI-RADS 4 classification [23,27,40,45]. 

Changes in the morphologic characterisations of the lesion, devel
opment of new calcifications, and an increase in size of >20% all can 

result in an upgrade from BI-RADS 3 to BI-RADS 4 [49]. Sonoelasto
graphic findings, together with morphologic US characteristics, can lead 
to a classification change from BI-RADS 3 to BI-RADS 2 or 4 and further 
prospective studies with large series are needed to use these findings in 
daily practice [50,51]. 

Although there are different variants with different clinical charac
teristics, there are no consistent imaging finding for each type. For some 
variants, as they have different clinical findings and outcomes, the 
follow-up and treatment options have specific features. Although GFAs 
and JFAs are benign, they show rapid growth, which can cause aesthetic 
and clinical problems as a result of breast hypertrophy and asymmetry. 
Consequently, these lesions are typically treated by surgery [23]. Total 
surgical excision may be applied to CFAs and CeFAs diagnosed after 
core-needle biopsy [33,41]. As CFAs have a risk of developing malig
nancy, surgery provides a total cure [33,41]. Because CeFAs have 
overlapping features with those of PTs, surgery provides an exact 
diagnosis [33,41]. Both CeFAs which is a variant of fibroadenomas and 
PTs are fibroepithelial lesions. Fibroepithelial lesions are biphasic le
sions showing epithelial and stromal proliferations. They include both 
benign and malignant forms. Benign fibroepithelial lesions include 
fibroadenoma, lactational adenoma and tubular adenoma whereas ma
lignant ones include borderline/malignant PTs [1,52]. Close and careful 
radiologic follow-up is applied to both types of lesions after excision. 

4. Conclusion 

Fibroadenoma is the most common benign tumour of the breast. It is 
important to monitor for these lesions during daily, routine breast ex
aminations. Knowledge about the existence of different fibroadenoma 
variants and their possible specific imaging findings contributes signif
icantly to the evaluation and diagnosis of these lesions. Optimal di
agnoses might provide us optimal patient evaluation, proper patient 
selection for surgeries or other interventions to lead the patient correct 
pathologic diagnosis. 

Fig. 17. MG images of different patients with HFA; there are benign, coarse 
calcifications (a). In another patient, there are clustered, pleomorphic calcifi
cations (b). There are clustered, heterogeneous calcifications accompanied to 
nodular density (c). MG image realised in 2008 shows that, there is well 
defined, round nodular lesion. The MG image of the same patient in 2020 re
veals that there are milimetric calcifications located at the marginal peripheral 
site of the lesion (d). Pleomorphic, branching, suspicious calcifications are seen 
in the last patient (e). 

Fig. 18. MG images of HFA patients without calcifications; lesions can be hyperdense with indistinct (arrow) (a), circumscribed (b) and lobulated (c) margins.  
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Fig. 19. B mod US images of different HFAs; the lesion is in irregular shapes and hypoechoic. There are increased perilesional echogenities compatible with the 
calcifications (a). In the second lesion, there is a heterogeneous and hypoechoic area including multiple milimetric calcifications (b). The third lesion has oval shape 
and there is a focal nodulation (arrow). The lesion is heterogeneous and has internal echogenities (c). There are oval, hypoechoic solid lesions with posterior acoustic 
shadowing (d) and enhancement (e). Strain elastography image shows high stiffness due to degeneration and hyalinization (f). 
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