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Pediatric breast disease is uncommon, and primary breast carcinoma in children is extremely rare. Therefore, the approach
used to address breast lesions in pediatric patients differs from that in adults in many ways. Knowledge of the normal
imaging features at various stages of development and the characteristics of breast disease in the pediatric population can
help the radiologist to make confident diagnoses and manage patients appropriately. Most breast diseases in children are
benign or associated with breast development, suggesting a need for conservative treatment. Interventional procedures
might affect the developing breast and are only indicated in a limited number of cases. Histologic examination should be
performed in pediatric patients, taking into account the size of the lesion and clinical history together with the imaging
findings. A core needle biopsy is useful for accurate diagnosis and avoidance of irreparable damage in pediatric patients.
Biopsy should be considered in the event of abnormal imaging findings, such as non-circumscribed margins, complex solid
and cystic components, posterior acoustic shadowing, size above 3 cm, or an increase in mass size. A clinical history that
includes a risk factor for malignancy, such as prior chest irradiation, known concurrent cancer not involving the breast, or
family history of breast cancer, should prompt consideration of biopsy even if the lesion has a probably benign appearance
on ultrasonography.
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INTRODUCTION

Breast lesions in children and adolescents are rare and
different from adult breast disease in several respects.
First, breast disease in children and adolescents includes
mainly benign lesions related to normal development of the
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breast and benign tumors. Second, malignancies in children
and adolescents are very rare (1-5). Breast cancers in
adolescents account for 0.1% of all breast cancers and less
than 1% of all pediatric cancers (1-3, 6). Third, the clinical
imaging approaches used for management of breast lesions
in children and adolescents differ from those used for early
detection of breast cancer in adults, given that children and
adolescents rarely have malignant lesions (1-3, 7, 8). Given
these differences, management of breast disease in children
and adolescents should be different from that in adults.
Most pediatric breast lesions are managed conservatively.
Interventional treatment may affect developing breast buds
in children and adolescents, so should be recommended
cautiously based on clinical and imaging features (1, 2, 7).
Radiologists should be aware of the characteristics of
pediatric breast disease and recognize the differences

Copyright © 2018 The Korean Society of Radiology


http://crossmark.crossref.org/dialog/?doi=10.3348/kjr.2018.19.5.978&domain=pdf&date_stamp=2018-08-06

Breast Lesions in Children and Adolescents

between children and adults for the purposes of appropriate
evaluation and management. In this article, we review

the differential diagnosis of breast lesions in children

and adolescents, including development of benign and
malignant disease, and make recommendations for their
management.

Imaging Evaluation of the Pediatric Breast

An imaging evaluation of the adult breast is performed
for early diagnosis of breast cancer. Mammography can
diagnose malignant disease with microcalcifications; hence,
it is the first imaging modality. However, mammography
is not generally performed in the pediatric population
because the mammary glands in developing adolescents
are highly sensitive to ionizing radiation and adolescents
have dense breasts with profuse fibroglandular tissue.
Therefore, ultrasonography (US) is the preferred method
because it can detect lesions in dense breast tissue and
does not expose pediatric patients to ionizing radiation (1,
2, 7, 8). Psychological issues should be kept in mind when
performing breast US in girls and teenagers, who may react
sensitively to breast examinations, so require appropriate
screening with provision of reassurance and comfort. US
examinations can be performed using a high-resolution
15-17-MHz linear probe. A useful landmark for defining the
posterior boundary of the breast is the pectoralis muscle (1,
3). Radiologists should know the pitfalls associated with the
normal anatomic structures seen on US. A rib or nipple may
be mistaken for an abnormal lesion. On a cross-sectional

A

Fig. 1. 3-year-old girl with palpable lesion in left breast.
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scan, the cartilaginous portion of a rib can mimic a breast
mass. A rib located posteriorly in the pectoralis muscle
shows strong posterior acoustic shadowing, appearing as
an elongated lesion in the longitudinal scan. Occasionally,
patients complain of a prominent costochondral junction
as a palpable mass (Fig. 1). Cooper’s ligaments, which are
normal structures, show posterior shadowing. Any of these
structures might be misinterpreted as an abnormality. It
is possible to identify such findings on US as normal by
removing the posterior shadowing via adjustment of the
angle of the transducer and controlling the pressing pressure
(1, 8). The nipple also creates a strong posterior acoustic
shadow and can be misinterpreted as a subareolar mass.
Appropriate compression and angulation of the transducer
can eliminate posterior acoustic shadowing, allowing

an anatomic structure to be easily recognized as normal
on real-time US. A fat lobule is occasionally seen as an
isoechoic solid mass, especially in the breast parenchyma.
However, the fat lobule can be seen as a normal structure
by rotating the transducer and confirming its integration
with the surrounding normal fat tissue (9).

When CT scans are used for examination of thoracic
disease in pediatric patients, breast lesions could be found
incidentally (Fig. 2) (1, 2). Magnetic resonance imaging
(MRI) of the breast is not widely used in pediatric patients,
but can facilitate surgical planning and identification
of vessel or lymphatic anomalies at various anatomic
sites (Fig. 3A, B) (1, 2, 8). As in adults, breast masses in
pediatric patients can be assessed morphologically and
hemodynamically using breast MRI.

A. On ultrasonographic image, normal chostochondral junction is seen in scan of palpable area. Note that rib is located posterior to pectoralis
muscle (arrow), showing posterior acoustic shadowing (arrowhead). No abnormality is noted in breast parenchyma. B. Plain chest radiograph
showing cleavage of left fifth rib at costochondral junction, suggestive of bifid rib (arrow).
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Normal Development of the Breast

The female breast undergoes two stages of development.
The first stage starts at weeks 5-6 of fetal gestation.
Epidermal cells invaginate and the primary mammary ridge
starts to grow from both axillae to the inguinal region.
Involution of milk lines occurs except at the level of the
fourth intercostal space where the normal breast buds
form. The remaining breast buds at the fourth intercostal
space evolve into secondary buds and then into branching
lactiferous ducts in the parenchyma of the breast. A small
mammary pit forms on the skin surface overlying the
breast buds and develops further into a nipple-areolar
complex (1-3, 7, 8). Bilateral subareolar nodules are
common in neonates. These are temporary manifestations
of physiologic wedge-shaped development in response to
maternal hormones and disappear within 12 months (Fig.
3C). The breast buds are often asymmetric in size and show
a clustered appearance in the first developmental stage.
Unilateral breast development may have the appearance of
a subareolar breast lump (1-3, 7, 8, 10).

The second developmental stage occurs during

Lee et al.

adolescence and is known as thelarche. Hormones affect the
development of breast buds in adolescent girls. Estrogen
hormones are involved in elongation and differentiation

of the ducts while progesterone hormones promote
development of the terminal lobules. The mean age of onset
of thelarche is 9.8 years. Premature thelarche is defined

as onset before 8 years of age and delayed thelarche is
defined as onset after 13 years of age (Fig. 4) (1-3, 8,

11). Early development of the breast may occur alone

or in association with precocious puberty. Idiopathic
premature thelarche may occur in girls aged 1-3 years;

this is not associated with precocious puberty and usually
regresses, so it is sufficient to reassure the patient and
caregiver (Fig. 5). When hypoechoic subareolar breast buds
are identified on US without other signs of precocious
puberty, clinical follow-up is sufficient and no further
imaging or intervention is needed (1-3, 8). However, if
early breast development is associated with symptoms of
secondary sexual maturation, further evaluations, including
measurement of bone age and abdominal and pelvic US, are
needed to assess the development of the uterus and ovaries
and to exclude an adrenal gland tumor (1-3, 8) (Fig. 6).

Fig. 2. 15-year-old girl undergoing CT for evaluation of trauma.

A. CT scan reveals enhancing mass in left breast (arrow). B. Ultrasonographic image shows probably benign mass in left breast that correlates
with CT findings. This patient was followed up without pathologic confirmation of probably benign mass. CT = computed tomography

Fig. 3. Findings in 1-day-old boy who had palpable mass in right lateral portion of chest wall.

A. Ultrasonographic image revealed thin septate cyst suggesting lymphangioma. B. Fat suppressed T2-weighted MR image showing thin septate
high-signal intensity lymphangioma. C. T1-weighted MR image showing proliferation of glandular tissue in subareolar area bilaterally and
attributable to physiologically enlarged glandular tissue under influence of maternal hormones. MR = magnetic resonance
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Fig. 4. Ultrasonographic images for 18-year-old girl with corpus callosum agenesis.
A. US of breast showing hypogenesis of fibroglandular tissue bilaterally. B. US of pelvis reveals immature uterus, suggestive of sexual immaturity.

US = ultrasonography

The developmental stages of adolescence are based on
the Tanner scale. Breast development is divided into five
clinical stages. Breast US can be used to obtain images
reflecting the five stages of the Tanner scale. Findings on
US may overlap between Tanner stages 2 and 4. However,
there is a correlation between estrogen hormones and

evaluation of development of breast tissue using US (1-3, 8).

A US comparison of Tanner stages 1-5 is shown in Figure 7
(1-3, 8, 12).

Congenital and Developmental Abnormalities
of the Breast

An accessory nipple (polythelia) and an accessory
breast (polymastia) are congenital anomalies associated
with incomplete regression of the mammary ridge. These
anomalies can occur anywhere along the embryonic
mammary ridge from the axilla to the groin, but most
commonly occur in the axilla or inframammary fold (2, 3).
An accessory nipple is found in 1-2% of the population and
can be clinically misdiagnosed as a nevus or pigmentation
(1-3, 7, 13). Clinically, an accessory breast in the axilla
usually manifests as periodic pain with a protruded axilla.
US can confirm the presence of fibroglandular tissue in the
axilla (Fig. 8) (1-3, 7, 8). Hypoplasia and amastia (absence
of breast tissue, nipple, and areola) are rare and occur in
Poland syndrome (Fig. 9). Amazia differs from amastia in
that the nipple and areola are present but the underlying
breast tissue is absent; it may be attributable to iatrogenic
resection of the breast buds or radiation therapy before
adolescence (1, 2, 14, 15).

kjronline.org Korean J Radiol 19(5), Sep/Oct 2018

Fig. 5. Ultrasonographic image for 1-year-old girl who had
palpable masses in both breasts. Image reveals proliferation of
glandular tissue in subareolar area bilaterally with no other signs of
precocious puberty. Clinical follow-up was sufficient and no further
imaging or intervention was needed.

Gynecomastia

Gynecomastia refers to excessive development of breast
tissue in male individuals, including neonates, adolescents,
and elderly men (16). About 60-75% of cases occur in
adolescent boys (3). Clinically, patients with gynecomastia
complain of a palpable mass or tenderness in the subareolar
region of the breast. Gynecomastia appears as unilateral
or asymmetric development of the breast tissue. It is
thought to be triggered by an imbalance in estrogen
and testosterone levels. Leptin, an enzyme in fat tissue,
plays a role in increasing estrogen levels and leads to the
development of breast tissue in male individuals. Drugs
such as anabolic steroids, antidepressants, and antibiotics
may also induce gynecomastia (1-3, 8). It is important to
reassure patients and their caregivers that gynecomastia
in newborns and adolescents usually disappears within two
years. However, excessive and persistent gynecomastia may
require further evaluation for tumors such as Sertoli-Leydig
testicular, adrenocortical, or hepatoblastoma that can
produce estrogen hormones. The possibility of liver disease
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Fig. 6. Ultrasonographic images for 9-year-old girl who had been diagnosed to have lump in each breast 6 months earlier.
A. Ultrasonographic image of breast showing hypoechoic linear projection of glandular tissue in subareolar area (Tanner stage 3). B.
Ultrasonographic image of pelvis showing enlarged uterus with ovaries that had normal volume range (not shown).

E

Fig. 7. Ultrasonographic comparison of Tanner stages.

A. Tanner stage 1. Clinical elevation of papilla is seen. US shows small foci echogenic tissue in subareolar area. B. Tanner stage 2. Clinical
elevation of both breast and papilla is seen with small amount of enlargement in areolar diameter. US shows hypoechoic subareolar breast bud
with hyperechoic breast parenchyma composed of adipose tissue and loose connective tissue. C. Tanner stage 3. Clinically palpable subareolar
nodule with further enlargement of breast and areola are noted without separation of their contours. US shows extension of hyperechoic
fibroglandular tissue with central spider-like and hypoechoic linear projections away from retroareolar region, reflecting elongated ducts. D.
Tanner stage 4. Clinical projection of areola and papilla forms secondary mound above breast with separation of their contour. US shows more
widely elongated hypoechoic breast bud and loss of rounded appearance. Subcutaneous fat may be present. E. Tanner stage 5. Clinical projection
of papilla only with recession of areola to general contour of breast. US shows mature breast appearance, heterogeneous echogenicity of breast
parenchyma intermixed with echogenic glandular and stromal tissue, and increased amount of subcutaneous fat.

or Klinefelter syndrome should also be considered (1, 2, Non-Neoplastic Breast Lesions

7, 8). When there is a palpable subareolar breast mass, US

can identify increased subareolar fibroglandular tissue and Simple cysts in the adult breast are commonly found at
exclude tumors (Fig. 10). Occasionally, obese patients may the age of 35-50 years but can appear at any age. These
develop pseudogynecomastia, which is characterized by fat lesions fall within the spectrum of fibrocystic disease
without fibroglandular tissue (1, 3). and may arise from dilated lobular acini because of an

imbalance between fluid secretion and absorption or duct
obstruction (17). A cyst in adolescence appears as an
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asymptomatic mass adjacent to the nipple, and in some
patients may be accompanied by inflammation or symptoms
such as lactation (2, 3, 18). On US, a cyst appears as

Fig. 8. Ultrasonographic image of breast for 12-year-old girl

with lump in left axilla. Image shows focal area of heterogeneous
fibroglandular tissue in subcutaneous fat layer of left axilla (arrows)
similar to that of breast.

Korean Journal of Radiology

a round or oval anechoic mass with posterior acoustic
enhancement and lacks blood flow on a color Doppler study.
Simple asymptomatic cysts with typical imaging features

do not require special treatment, further examination,

or intervention. However, cysts with atypical imaging
features, such as internal echogenicity, fluid-fluid level,
internal septations, or a thick wall, may require aspiration
to differentiate from other possible diagnoses, such as
galactocele, abscess, or complicated cyst (1, 4, 8).

Duct ectasia is a rare entity that occurs in newborns and
young children. Clinically, patients with duct ectasia present
with bloody discharge from the nipple or a palpable mass in
the breast. On US, multiseptate cyst-like masses or tubular
anechoic structures are seen in the subareolar regions (Fig.
11). The etiology of duct ectasia is unknown, but maternal
hormones might play an important role. Conservative
treatment is indicated in newborns with these findings.
Breast-feeding should be stopped and antibiotics should be
used when necessary (1, 2, 8).

Fig. 9. Poland syndrome in 13-year-old boy.

(A) CT and (B) MIP reconstruction images showing absence of pectoralis muscle in right chest wall (arrow). MIP = maximum intensity projection

A

Fig. 10. Gynecomastia in 18-year-old boy with palpable mass in subareolar region in both breasts.
A. Ultrasonographic image showing normal glandular breast tissue in subareolar regions of both breasts, indicating gynecomastia. B. Computed
tomographic image showing linear or tubular soft tissue density in subareolar region of both breasts.

kjronline.org Korean J Radiol 19(5), Sep/Oct 2018
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Mastitis and abscess are common in lactating women.
However, they can also occur in pediatric cases with
a bimodal distribution that includes infants (aged < 2
months) and older children (aged 8-17 years) (5). Mastitis
is a clinical diagnosis based on signs and symptoms
of infection, i.e., fever, erythema, and tenderness.
Staphylococcus or pneumococci are the most common
causative organisms in adolescence (1, 4, 7, 8). US is useful
when performing fine-needle aspiration for diagnostic
and therapeutic purposes. On US, an abscess appears as
a complex cyst with a wall of variable thickness and is
surrounded by increased blood flow on color Doppler study
(Fig. 12) (1-4, 7, 8). Treatment of mastitis with abscess
includes antibiotic therapy and drainage with fine-needle
aspiration. A large abscess may require surgical incision and
drainage with follow-up examination to confirm resolution
(1-3, 7, 8).

A

Lee et al.

Galactocele is a retention cyst filled with milk caused
by obstruction of a lactiferous duct. It is commonly seen
in pregnant or lactating women. However, galactoceles
can also be seen in infants and adolescents. On US,
galactoceles show various imaging features depending on
the relative composition of fat and water (anechoic cysts
to complex cysts). US showing a fat-fluid level within the
cyst is diagnostic of galactocele (1, 2, 7, 8). Uncomplicated
galactoceles with no atypical imaging features are self-
limiting and do not need further evaluation or treatment.
As with simple cysts, US-guided fine-needle aspiration
should be performed in patients with symptoms and those
with atypical imaging features (1, 2, 7, 19).

Hematoma or fat necrosis may be associated with a
history of breast trauma or surgery. A recent history of
trauma or surgery is essential for the diagnosis (1). US of
the hematoma reveals changes over time depending on the

Fig. 11. Duct ectasia in 3-day-old boy with lump in subareolar region bilaterally.
A, B. Ultrasonographic images showing heterogeneous multiseptate cystic mass-like lesion in subareolar region of both breasts as findings of

duct ectasia.

Fig. 12. Ultrasonographic images for 19-year-old girl with 2-week history of redness and pain in right breast.
A. Ultrasonographic image showing heterogeneous echoic mass-like lesion with diffuse fat infiltration in breast tissue, indicating abscess. B.
Color Doppler study showing increased vascularity that suggests hypervascularity because of inflammation.
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degree of liquefaction. A hematoma appears as a hyperechoic
focal lesion with an ill-defined margin in the acute phase
and then changes into a cystic lesion with internal debris
and septations (1, 2, 8). On US, fat necrosis is typically
located in the subcutaneous fat layer, showing a variety of
echo patterns ranging from solid complex cysts to oil cysts
depending on the age of the lesion (20). Short-term imaging
follow-up is recommended in patients with a typical clinical
history and typical imaging features. Atypical imaging
features or growth over time are indications for aspiration
for both diagnostic and therapeutic purposes (1, 2).

Benign Masses

Fibroadenomas are the most common benign tumors
in children and adolescents, accounting for 54-94%
of cases. The fibroepithelial tissue of an adenoma is a
benign proliferation that is clinically palpable (1, 2, 4, 5).
Fibroadenomas are sensitive to estrogen and grow rapidly
during pregnancy and puberty (21). Fibroadenoma is
classified according to its size and histologic characteristics.
The most common type is conventional fibroadenoma, which
is usually 2-3 c¢m in size (22). If a fibroadenoma is larger
than 5-10 cm, it is called a giant fibroadenoma (Fig. 13).
Juvenile (cellular) fibroadenoma is a relatively rare variant
of fibrous adenoma with hypercellular stromal proliferation
and rapid growth and accounts for 7-8% of cases (1, 2, 5, 8).
US findings for a typical fibroadenoma include a hypoechoic
mass with a round or oval shape, a circumscribed margin,
and orientation parallel to the skin (Fig. 14). Posterior
acoustic enhancement is frequently seen and altered blood
flow can be observed on color Doppler US (1, 3-5, 8).

Follow-up US can be performed for small-sized
fibroadenomas less than 3 cm in size that have a typical
appearance on imaging and symptoms. During the first
year, US can be performed every 6 months with a follow-up
US examination after a further year to confirm the stability
of the lesion over two years. Occasionally, fibroadenomas
show atypical features on US, such as an angular border or
posterior acoustic shadowing (5, 8). If there are suspicious
imaging features with rapid growth or symptoms, biopsy or
surgical resection should be considered (1, 2, 5, 8, 23).

Differential diagnoses include phyllodes tumors or
pseudoangiomatous stromal hyperplasia (PASH) that are
hard to distinguish on US because of their shared imaging
features (1, 2, 5, 7).

PASH is a rare disease in children and is characterized
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by proliferation of hormone-mediated mesenchymal cells
present in the background of breast tissue and associated
with other breast pathologies. PASH has been seen in pre-
menopausal women, but is rarely reported in children and
adolescents. PASH has been reported to be associated with
neurofibromatosis type 1 and immunodeficiency status.
When PASH forms a tumor, its clinical and US findings are
similar to those of fibroadenoma (Fig. 15). Follow-up US
is sufficient, although surgery is indicated for large-sized
lesions (1, 2, 7).

Juvenile papillomatosis is a very rare benign disease. It is
also referred to as Swiss cheese disease and is characterized
by small fibrous masses with localized multiple cysts and
dilated ducts (7, 24). It occurs in late adolescence at
an average age of 19 years and may be associated with
underlying benign breast tumors. Clinically, it is a hard

Fig. 13. Giant fibroadenoma in 15-year-old girl. Ultrasonographic
image shows approximately 6.5-cm circumscribed, oval, parallel
isoechoic mass in left breast.

Fig. 14. Conventional fibroadenoma in 17-year-old girl.
Ultrasonographic images shows circumscribed, oval, parallel, isoechoic
mass with posterior enhancement in left breast.
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and movable tumor that cannot be distinguished from
fibroadenoma. US can facilitate the diagnosis of juvenile
papillomatosis by revealing multiple peripheral small cysts
with ill-defined margins (Fig. 16). Associated clustered
microcalcifications can be seen (2). Juvenile papillomatosis
is a histologically benign lesion, but is associated with an
increased risk of breast cancer. Approximately 5-15% of
patients have breast cancer and juvenile papillomatosis
concomitantly, so continuous monitoring is warranted. A
family history of breast cancer, histopathologic findings of
atypia, bilaterality, multiplicity of lesions, and recurrence
are associated with a high risk of malignancy. Treatment
involves complete resection, because recurrence may occur
if the lesion is partially resected (1, 2, 7, 8, 25).

Phyllodes Tumor

Phyllodes tumor is a rare form of fibroepithelial
neoplasm that requires differentiation from fibroadenoma.
Histologically, phyllodes tumors are classified into low,
intermediate, and high grade. All histologic types can
recur but rarely metastasize. There is a very rare malignant
subtype of phyllodes tumor that has the features of a
low-grade spindle cell sarcoma (1, 3, 4, 8, 26, 27) and is
common in women in their thirties. It accounts for less
than 1% of pediatric breast diseases, but is the most
common primary malignant breast tumor of adolescence (1,
3, 6, 26). Although 85% of phyllodes tumors in children and
adolescents are benign, cases of infiltration, metastasis,
or recurrence have been reported, with a mortality rate of
about 3% (1, 3, 6). US findings for phyllodes tumors are

Fig. 15. PASH. Ultrasonographic image for 44-year-old woman shows
oval, circumscribed, parallel, and hypoechoic mass with posterior
acoustic enhancement in right breast. Imaging features are similar to
those of fibroadenoma. US-guided core needle biopsy revealed PASH.
PASH = pseudoangiomatous stromal hyperplasia
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not distinguishable from those for fibroadenomas. Typical
phyllodes tumors are circumscribed, oval, and hypoechoic
solid masses on US (Fig. 17). A peripheral cystic component
and cleft may be seen more often in phyllodes tumors than
in fibroadenomas but are not unique to phyllodes tumors
(1-4, 8, 26) (Fig. 18).

The US features of a phyllodes tumor are similar to those
of a fibroadenoma, and a core needle biopsy could be used
to distinguish between this tumor and fibroadenoma (8,
10, 23). If the tumor has enlarged rapidly or cysts are
seen within the tumor, a US-quided core needle biopsy is
warranted (1, 2, 4, 28). If the size is greater than 5 cm,
surgical resection is indicated, because the ability of a
core needle bhiopsy to distinguish between fibroadenoma
and phyllodes tumor is limited (1, 2, 7, 8, 23). If the
tumor is diagnosed as a phyllodes tumor on biopsy, wide
surgical excision with a safety margin of 1-2 cm should be
performed regardless of histologic subtype. The prognosis
is generally good. However, recurrence occurs even after
complete resection in at least 20% of benign phyllodes
tumors (7, 26). Metastasis of phyllodes tumor is rare but
may occur via hematogenous spread. The lung is the usual
site of metastasis (7).

Malignant Masses
Malignant breast masses are quite rare in pediatric

populations. Metastatic disease or hematologic malignancy
is a more common etiology of a malignant breast mass than

- T e - -
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Fig. 16. Juvenile papillomatosis in 17-year old girl with nipple
discharge. Ultrasonographic image shows Swiss cheese-like cystic
duct ectasia in right breast. Surgical excision revealed intraductal
papillomatosis.
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Fig. 17. Phyllodes tumor in 17-year-old girl with palpable mass
in left breast. Ultrasonographic image shows 2.5-cm circumscribed,
oval, isoechoic parallel mass in left breast. Vacuum-assisted biopsy
revealed benign phyllodes tumor.

Fig. 18. 14-year-old girl with palpable mass in breast.
Ultrasonographic image shows right and central portions of huge mass.
Huge, circumscribed, round mass with peripheral cystic component
(arrows) can be seen. Patient was confirmed to have low-grade
malignant phyllodes tumor.

breast carcinoma in children and adolescents. A malignant
breast mass may occasionally occur in a pediatric patient
as a result of hematologic malignancy, usually lymphoma/
leukemia, or metastasis from rhabdomyosarcoma or
neuroblastoma. Malignant phyllodes tumor is the most
common primary breast malignancy in pediatric populations
(1-3, 5-8, 23).

Metastasis to the breast indicates dissemination of
disease with a poor prognosis. Although multiple and
bilateral tumors are suggestive of metastatic malignancy,
benign fibroadenomas can also appear as multifocal and
bilateral lesions. However, multifocal or bilateral lesions are
not characteristic features of a malignant breast lesion (8).
Breast metastases are seen as irreqular, inhomogeneous,

kjronline.org Korean J Radiol 19(5), Sep/Oct 2018
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and hypoechoic masses on US. They may also appear in
various forms. Breast metastases in patients with leukemia
or lymphoma can be seen as circumscribed and hypoechoic
solid masses (2, 29). MRI is helpful in identifying multiple
lesions or extensive disease. Although variable MRI features
of lymphoma/leukemia have been observed, lymphoma
can be seen as high-signal intensity on T2-weighted
images with rim or heterogeneous enhancement and rapid
enhancement kinetics on dynamic enhancement images (Fig.
19) (2, 29, 30). It is important to be aware that metastatic
cancers of the breast have variable imaging features that
often suggest the lesion is probably benign. Therefore,
a patient with known underlying primary extramammary
malignancy who presents with a breast lesion should be
carefully considered for breast biopsy even if the imaging
features suggest that the lesion is probably benign (1, 2).
Primary breast cancer is extremely rare in children and
adolescents. The incidence of breast cancer is 1 in 1000000
in women younger than 20 years, but is significantly
higher in women older than 25 years (1, 2, 6, 31). The
most common histologic subtype of primary breast cancer
in childhood is secretory breast carcinoma, which has a
relatively favorable prognosis (32, 33). Radiation therapy
to the chest wall is a major risk factor. Furthermore, the
risk of breast cancer has been reported to increase by 75-
fold when a patient aged 10-16 years is treated with
radiotherapy for Hodgkin's disease (7, 8). Risk factors
for breast cancer include gene mutations such as BRCA1
or BRCA2 (1, 2, 8). Primary breast cancers are irregular
in shape with a non-circumscribed margin, non-parallel
orientation, a heterogeneously hypoechogenicity, posterior
shadowing, and increased blood flow on US (Fig. 20).
Associated features, such as architectural distortion, ductal
changes, and ipsilateral axillary lymphadenopathy, can also
increase the suspicion of malignancy (7). Microcalcifications
with fine pleomorphic or fine linear branching morphology
and grouped or segmental distribution on mammography
are highly suspicious findings. However, mammography
is not routinely performed in children and has limited
diagnostic value. The imaging features of breast cancer in
patients with BRCA1 mutation are similar to those of benign
lesions such as fibroadenoma, so it is important to consider
both clinical and imaging features in their management (34,
35). Breast-conserving surgery is feasible, although there
is no consensus. Given that 20-30% of cases have axillary
metastases, sentinel lymph node sampling is advocated (1,
7, 8).
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Fig. 19. 17-year-old girl with non-Hodgkin’s lymphoma.
A. Ultrasonographic showing multiple circumscribed, oval, hypoechoic masses with posterior enhancement in both breasts. B. Fat suppressed T2-
weighted MR image showing multiple, round, inhomogeneous masses with high signal intensity in both breasts. C. Early subtraction T1-weighted
MR image after administration of gadolinium contrast showing inhomogeneous enhancing breast masses bilaterally. Core needle biopsy revealed

metastatic lymphoblastic B-cell lymphoma of breast.

A

Lee et al.

Fig. 20. Primary breast cancer in 23-year-old woman with family history of breast cancer.

A. Ultrasonographic image of breast showing irregular, indistinct, hypoechoic mass with posterior shadowing. B. MIP reconstruction-enhanced
early subtraction MR image showing rapidly enhancing mass with neoangiogenetic vascular structures. Enlarged enhancing axillary lymph node is
also noted in left axilla level I. US-guided core needle biopsy of left breast mass confirmed invasive ductal carcinoma.

Management of Breast Diseases in Children and
Adolescents

Breast diseases in children and adolescents differ from
those in adults. Assessment of imaging findings based on
the Breast Imaging Reporting and Data System (BI-RADS)
(36) is not commonly used in pediatric patients (1, 5, 8)
because its purpose is to categorize the disease according
to the possibility of malignancy, which is extremely rare in
the pediatric population. The majority of pediatric breast
lesions may be categorized as 2 (benign) or 3 (probably
benign) with a recommendation of follow-up imaging for a
period of time. Fibroadenoma is the most common breast
tumor in children and adolescents. It is usually seen as a
probably benign tumor with BI-RADS category 3 on US and
has a malignancy potential of less than 2%. If clinical and
US findings are benign, reassurance of the patient and/
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or caregiver is all that is necessary. Conservative follow-up
examinations such as US are recommended (5, 8, 23). In
general, follow-up US is performed at 6-monthly intervals in
the first year and a follow-up US after 12-month at the end
of the second year. In pediatric breast disease, the size and
growth of the mass can also affect management (1, 5, 8,
10, 23, 37).

Surgical excision is suggested for masses with benign US
features that are larger than 5 cm or rapidly growing (5, 8).
Gordon et al. (37) have suggested excision of masses that
increase in size by more than 20% in 6 months or are larger
than 3 c¢m in order to distinguish them from a phyllodes
tumor. However, invasive surgery may damage normal
developing breast tissue, and atypical phyllodes tumors are
rare in pediatric patients. Many phyllodes tumors are similar
to fibroadenomas. Core needle biopsy rather than surgery is
recommended (8, 10, 23). Sanders et al. (23) have shown
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that 1% of phyllodes tumors measure 3 cm or less while
3.6% are 3-5 cm, suggesting that 3 cm can be used as a
criterion for core biopsy. Excision is suggested for masses
measuring more than 5 cm. Although most pediatric breast
lesions are benign, malignant disease is possible. Histologic
examination is considered based on clinical features,
medical history, family history, and US findings (1, 5, 6).
Biopsy or surgical intervention is indicated. Even if imaging
features are not suspicious in a patient with a high-risk
clinical history, such as a history of other malignancies, a

Atypical features

Korean Journal of Radiology

family history of breast cancer, prior chest irradiation, or
genetic mutations, biopsy should be carefully considered
(Fig. 21) (1, 3, 8). Core needle biopsy has high accuracy
in the pediatric population, especially in differentiation

of fibroadenomas and phyllodes tumors. Surgical excision
is indicated in the event of incomplete tissue sampling

or diagnostic difficulty with needle biopsy (1, 23). A few
benign entities, including trauma-related lesions and
infection, can manifest as suspicious imaging features, and
a detailed review of the clinical history is important before
prompt interventional procedures (Fig. 22).

CONCLUSION

* Non-circumscribed margin
» Complex solid and cystic components
* Posterior acoustic shadowing

Size above 3 cm

Increased mass size

Imaging criteria Diagnosis and management of breast diseases in children
and adolescents is different from that in adults. Most breast
lesions in children and adolescents are associated with
breast development or are benign tumors. Therefore, their
management should be conservative. US is an essential
first imaging modality in pediatric patients. Many benign
tumors appear similar on US, and sonographic follow-up is
often required. Malignant tumors in pediatric patients are
very rare. Histologic examination should be recommended
carefully by combining clinical history, mass size, growth

Prior chest radiation

Known extra-mammary malignancy
Family history of breast cancer
Genetic mutations

Clinical history

— Core needle biopsy

Fig. 21. Summary of management for pediatric breast diseases.

‘ Neonates and young children Adolescents
\ 4 \ 4
‘ Proliferation of glandular tissue Mass ‘
Girl with 2nd
sexual Boy
development or
syndrome / ) ' A
‘ Gynecomastia ‘ ‘ Category 2* ‘ ‘ Category 3** ‘ ‘ Category 4 or 5*** ‘
Excessive and *>3cm
persistent case <3em * Clinical history \
' Core needle biopsy
Further work up - (surgical excision if needed;
. I ;
(bone age, abdomen & pelvis \4 \4 US follow-up, 6 months, ncrease m s1ze‘ > 5 cm, incomplete
US, brain MRI, or CT) ‘ Reassurance 1 year and after 1 year tissue sampling)

Typical clinical history-recent trauma
-Sx/sign of infection
: treatment according clinical diagnosis

Fig. 22. Algorithm for sonographic assessment and management of pediatric breast lesions. *BI-RADS assessment category 2: simple
cyst. Oval, round, circumscribed, anechoic mass with posterior acoustic enhancement. **BI-RADS assessment category 3: oval, circumscribed,
hypo-/iso-/hyperechogenic mass with various vascularity. ***BI-RADS assessment category 4 or 5: masses with suspicious features; irregular
margin, nonparallel orientation, non-circumscribed margin, increased vascularity, heterogeneous echo pattern (including complex cystic and
solid), associated features. BI-RADS = Breast Imaging Reporting and Data System, MRI = magnetic resonance imaging, Sx/sign = symptom/sign
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rate, and US findings in pediatric patients. Core needle
biopsy is a useful technique that can provide an accurate
diagnosis without causing irreparable damage in pediatric
patients.
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