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Established Facts

 Primary breast rhabdomyosarcoma (RMS) can occur in children. There is a lack of knowledge regarding
radiologic findings and added diffusion-weighted magnetic resonance imaging (MRI) features of RMS,
and no consensus with regard to management. We discuss specific properties distinguishing RMS from
common pediatric breast masses against the background of a multidisciplinary therapeutic approach.

Novel Insights

sarcoma phyllodes.

« A rapidly enlarging mass, central and peripheral septations, and axillary lymphadenopathy on ultra-
sound with diffusion restriction and satellite nodules on MRI would suggest RMS rather than cysto-
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Summary

Background: Primary breast rhabdomyosarcoma (RMS)
can occur in children. There is a lack of knowledge re-
garding radiologic findings and added diffusion-weighted
magnetic resonance imaging (MRI) features of RMS in
the literature. Case Report: A 12-year-old girl was diag-
nosed with primary alveolar RMS of the breast. Gray
scale ultrasound revealed posterior acoustic enhance-
ment behind a well-circumscribed, multilobulated hypo-
echoic mass. Doppler ultrasound revealed increased pe-
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ripheral and central vascularity. Hypointense septations
on T2-weighted image exhibiting more enhancement
than the stroma on late gadolinium-enhanced images
were striking within a hyperintense mass. A hyperintense
hemorrhagic focus on T1-weighted image was present in
the absence of any necrosis. Avid enhancement on early
postcontrast images proceeding from the periphery to
the center was depicted. Conclusion: A rapidly enlarging
mass with an echogenic peripheral rim together with
posterior acoustic enhancement on gray scale ultra-
sound, intense vascularity on Doppler ultrasound, axil-
lary lymphadenopathy, and satellite nodules on MRI
should raise suspicion. Enhancing central and peripheral
septations are suggestive of RMS. Dynamic contrast-en-
hanced MRI in suspected cases can provide valuable data

in the differential diagnosis. © 2018 S. Karger GmbH, Freiburg
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Introduction

Rhabdomyosarcoma (RMS) is the most common solid extra-
cranial soft tissue sarcoma, constituting 5% of all malignancies
with an incidence of 4-7/million per year in childhood [1, 2]. The
most common primary sites of RMS are the head and neck region
(40%) [3], the genitourinary system (22%), the extremities (18%),
the trunk, chest wall, perineum, and retroperitoneum [4, 5], and
the biliary tract [6]. Breast involvement is very rare, both as a pri-
mary or as a metastatic site [7]. Only a few cases of primary RMS
of the breast in children have been reported in the literature
(table 1) [8-22]. Due to the extremely rare incidence of primary
breast RMS, radiologic imaging features have yet to be clearly de-
fined. Because fibroadenoma is the most common breast tumor
in adolescence, distinguishing early-stage RMS from a fibroade-
noma is of crucial importance. In this report, we discuss the dis-
tinguishing imaging features of primary breast RMS on gray scale
ultrasound (US), Doppler US, and magnetic resonance imaging
(MRI), and we review the literature on demographic features and
clinical outcomes of primary RMS of the breast in childhood and
adolescence.

Case Report

A 12-year-old girl presented with a firm mass in her left breast that had en-
larged over the past 3 months. A round, mobile mass located in the left ret-
roareolar region and palpable lymph nodes in the left axillary region were no-
ticed on physical examination. The right breast and axillary region were exam-
ined and found to be normal. There was no history of trauma or nipple dis-
charge. There was no edema nor any vascular engorgement of the skin. On US
imaging, the mass had an irregular shape and well-circumscribed margins with
a heterogeneous echotexture due to internal avascular and hyperechogenic
areas considered to be hemorrhage. Acoustic enhancement was the predomi-
nant observation behind the tumor on gray scale US in addition to acoustic
shadowing caused by fibrotic internal septations (fig. 1a). An echogenic periph-
eral rim encircling the mass was striking. The 45 x 20 x 40 mm mass demon-
strated increased central and peripheral vascularity on color Doppler US evalu-
ation, raising the suspicion of cystosarcoma phyllodes. The rapidly enlarging,
multilobulated, hypoechogenic mass with increased vascularity and irregular
shape was consistent with American College of Radiology Breast Imaging Re-
porting and Data System (BI-RADS) category 4C (fig. 1b). Asymmetrical corti-
cal thickening measuring 5 mm in diameter was found in a spherical lymph
node by US examination.

On MRI, the mass was predominantly hyperintense on T2-weighted image;
it was multilobulated and had an irregular shape and central scar-like fibrotic
hypointense septations without any peritumoral edema (fig. 2a). A hyperin-
tense focus on T1-weighted image was observed within the predominantly hy-
pointense mass, suggesting a focal hemorrhagic area. Dynamic contrast-en-
hanced breast MRI at 1.5 T revealed mild peripheral enhancement on early-
phase images. Late-phase images demonstrated centripetal progressive en-
hancement with a plateau phase and heterogeneity due to diffusely enhancing
internal fibrotic septations (fig. 2b). Type II enhancement kinetics were dis-
played within the tumor. In addition, multiple nodules around the mass pre-
senting a similar enhancement pattern were compatible with satellite lesions.
There was no necrotic area. The mass was adjacent to the nipple and areola
complex without visible fat planes considered to be malignant involvement of
the skin. Restricted diffusion was depicted on diffusion-weighted images at b =
1,000 s/mm?, and the apparent diffusion coefficient value was found to be
790 x 10~* mm?/s. US-guided tru-cut biopsy with a 14-G needle was performed.
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Fig. 1. Ultrasonography and Doppler images. a Gray scale ultrasonography
image revealing a hypoechogenic mass with lobulated contour and echogenic
linear structures within and encircling the mass. b Doppler ultrasound image
demonstrating hypervascularity within the mass as well as increased peripheral
vascularity (arrows).

Fig. 2. Magnetic resonance imaging. a T2-weighted image showing a thin hypo-
intense linear hypointensity encircling the mass and central scar-like hypointense
internal septations. The lobulated mass was predominantly hyperintense, and no
peripheral edema was present. b Dynamic contrast-enhanced subtraction image
revealing marked contrast enhancement of the mass (arrows). Encircling and cen-
tral internal septations exhibiting more enhancement than the stroma as well as a
honeycomb-like pattern.

Fig. 3. Histopathological photomicrographs. a Photomicrography of the mass
revealing small cells with little cytoplasm. Alveolar-type spaces are present con-
taining desquamated small, round, and poorly differentiated skeletal muscle cells

(hematoxylin and eosin, x40). b Photomicrograph of immunohistochemical
evaluation of the primary mass showing diffusely positive staining for myogenin
(x20).

Histopathologic evaluation revealed alveolar RMS (fig. 3a, b). On positron
emission tomography imaging, the left retroareolar mass and the left axillary
lymph node showed intense *F-fluorodeoxyglucose uptake (maximum stand-
ardized uptake value = 6.3). The mass had no calcific foci on computed tomog-
raphy. There was no distant metastasis.

The patient was treated with vincristine, actinomycin D, and cyclophospha-
mide (VAC) chemotherapy and showed a partial response after 3 courses of
chemotherapy. After 7 courses of chemotherapy, the patient underwent breast-
conserving mastectomy and an axillary lymph node dissection procedure. After
mastectomy, the surgical margins were found to be free of tumor, and 1/16
lymph node was positive for tumor. Adjuvant radiotherapy was given to the left
breast and axilla. Because of the large mass involving the whole retroareolar
area, and in order to reduce aesthetic concerns in an adolescent, an expander
was placed into the subcutaneous area and expanded progressively for 8 months
followed by silicone breast implantation. Adjuvant chemotherapy was given for
42 weeks, and the patient has been followed-up without recurrence for 34
months.
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Discussion

Primary breast malignancy in the pediatric population is ex-
tremely rare, with cystosarcoma phyllodes most commonly en-
countered [23]. Breast malignancies commonly diagnosed in chil-
dren and adolescents have been reported to be metastases originat-
ing from neuroblastoma, RMS, or hematologic malignancies [23].
RMS presents mostly at around 5 years of age and in adolescence
(5].

As well as presenting our current case, we review the demo-
graphic data and treatment of 24 cases of primary breast RMS in
children and adolescents previously reported in the literature
(table 1): All were adolescents aged between 10 and 19 years. Most
cases (n = 14), including our case, had an unfavorable histology
(alveolar subtype). All patients with breast metastasis from RMS
also had an alveolar histology and were adolescent girls [7]. The
primary breast RMS lesions were bilateral in 2 cases [14, 21], and
regional lymph node involvement was present in 4 patients [8, 10-
12]. RMS cases with bilateral breast metastasis have been reported
to account for less than 25%, while metastatic lymph nodes have
been encountered in 25-58% [7, 24].

The treatment procedure was reported in 10 cases, including
our case. All patients had chemotherapy, 8 had surgery (2 simple
mastectomies, 3 modified radical mastectomy, 1 wide excision, and
1 quadrantectomy), and 5 had radiotherapy. The range of duration
of follow-up in the reported cases was 2 months to 7 years. Also, in
patients without regional lymph node involvement, the outcomes
were reported to be better; failure-free survival was reported to be
73 versus 43% [25, 26]. VAC has been reported as the gold stand-
ard combination chemotherapy in the treatment of RMS [9]. Our
patient also received VAC as neoadjuvant chemotherapy and as
adjuvant chemotherapy after surgery and radiotherapy. The degree
of necrosis after chemotherapy and the enhancement ratio when
compared to the initial examination have been found to be useful
in assessing the response to chemotherapy [23]. Early and accurate
diagnosis determines the treatment procedure, response to ther-
apy, and prognosis.

Breast masses diagnosed as RMS commonly present as mobile,
painless, well-circumscribed masses [9]. In order to avoid a delay
in diagnosis or misdiagnosis, a radiologic examination should be
done in all patients with enlarging breast masses. Because breast
tissue is radiosensitive and exhibits higher density on mammogra-
phy in childhood, US evaluation has been suggested as the first-
choice diagnostic modality. Although most childhood breast
masses are benign, being aware of ultrasonographic and Doppler
characteristics of both common breast masses and less common
pathologies is important [27]. Vascularity patterns of fibroadeno-
mas as common benign breast lesions have been categorized as
segmental, capsular, and feeding vessels; the average number of
vessels was found to be 3.5 in mixed-type fibroadenomas (range
2-5) [28]. In the present case, more than 10 vascular codes were
seen on color Doppler US. Obvious flame-like vessels have been
demarcated as striking imaging findings in breast RMS, especially
in metastatic foci. The increased number of vessels both in periph-
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eral and central areas in the presented case was considered to be
neovascularization, and histopathological examination was re-
quired. Increased breast vascularity in an adolescent should raise
the suspicion of either a primary tumor or a metastasis. In all pa-
tients under follow-up with an initial diagnosis of a probably be-
nign solid lesion or a fibroadenoma, color Doppler US examina-
tion in addition to patient history and physical examination of the
breast and axillary regions should be considered.

Imaging findings of primary breast sarcomas were discussed in
a recent study including 42 cases none of which were RMS [29].
Among the reported cases, the masses were mostly irregularly
shaped, and margins were indistinct on US and mammography;
46% of the lesions were evaluated as BI-RADS category 3 on mam-
mography, and most of the cases were either BI-RADS category 4
or 5 on MRI [29]. Most lesions were diagnosed as angiosarcoma,
with secondary forms being encountered earlier and carrying a
poor prognosis [30]. Typical features of breast carcinomas, which
would be unexpected in primary breast sarcomas, are spiculated
contours, angular margins, being longer than wide in shape, and
posterior acoustic shadowing. In a previous study evaluating sono-
graphic characteristics of primary breast sarcomas none of which
were RMS cases, hypoechogenicity (82%) and ovoid shape (86%),
indistinct margins (77%), posterior acoustic enhancement (59%),
and internal (71%) and marginal (29%) vascularity have been re-
ported as common features. Calcification (91%) and metastatic
lymph nodes (100%) were not encountered in the majority of the
cases [31]. An ovoid shaped mass with posterior acoustic enhance-
ment in the pediatric population may be misdiagnosed as fibroad-
enoma. However, enlarged axillary lymph nodes and internal het-
erogeneity due to hemorrhage are suggestive of malignant pro-
cesses such as cystosarcoma phyllodes or other malignancies, ei-
ther primary or metastatic to the breast. RMS metastasis to the
breast presents as either subcutaneous or parenchymal nodules
[32]. Imaging features of RMS on US have been described as soli-
tary lesions with a nodular appearance [27], bilateral diffuse in-
volvement with a lobulated infiltrative hypoechoic pattern [33],
lobulated well-circumscribed hypoechoic lesions with irregular
margins, diffusely nodular infiltrations without a normal breast ar-
chitecture [34], having a long axis perpendicular to the skin, and as
heterogeneous. RMS may also present with posterior enhancement
or indifferent shadowing [35]. Furthermore, breast RMS would re-
semble normal breast tissue with heterogeneous echo patterns and
poor vascularity [36]. Absence of desmoplastic reaction around the
mass besides any of the reported imaging features could facilitate
the diagnosis of metastasis as well as primary breast RMS.

Imaging findings of metastatic breast RMS on conventional
MRI have been reported as exhibiting intermediate or lower signal
intensity with irregular margins and a dark rim around the mass
on T1-weighted image [37], hyperintensity when compared to
muscle, and non-enhancing hyperintense areas of necrosis on T2-
weighted images [23]. In addition to the features described in the
literature, we detected a central scar-like and circumscribing hy-
pointensity both on T1- and on T2-weighted images due to fibrillar
structures within the mass on T2-weighted image suggesting my-
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ofibroblastic accumulation as the striking diagnostic feature of
spindle cell neoplasms. Although necrotic areas have been com-
monly reported, the presented mass included hyperintense areas
on T1-weighted images, affirming intratumoral hemorrhage. On
dynamic contrast-enhanced MRI images, breast RMS present as
diffusely enhancing well-circumscribed lesions within the first
3 min, with fast annular contrast enhancement [37] and a washout
phenomenon affirming their malignant nature [33]. Ring-like en-
hancement has been a typical imaging feature in metastatic foci of
breast RMS. When a breast mass is identified as RMS, determining
the presence of typical imaging features such as ring-like enhance-
ment should be mandatory when investigating the primary site.

In conclusion, we aimed to emphasize that primary breast RMS
can occur in children. A rapidly enlarging mass with an echogenic
peripheral rim, posterior acoustic enhancement, intense vascular-
ity on Doppler ultrasonography, axillary lymphadenopathy, and
satellite nodules on MRI should be treated with suspicion. Dy-

namic contrast-enhanced MRI in suspected cases can provide valu-
able data in the differential diagnosis. Enhancing central and pe-
ripheral septations are suggestive of RMS. Although primary ma-
lignancies of the breast in the pediatric population occur less com-
monly, all breast masses should be evaluated carefully and a biopsy
should be done if suspicious lesions are detected by radiologic
evaluation.
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