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Abstract

Primary sarcomas of the breast are heterogeneous neoplasms derived from the non-epithe-
lial elements of the mammary gland. Malignant peripheral nerve sheath tumors comprise
5-10% of all malignant soft tissue sarcomas. Its heterogeneity and low incidence (1 in 100,000)
limit the performance of prospective studies. Therefore, most published articles include
individual reports and case series with a small number of patients, making it impossible to
determine clear treatment standards in this scenario. A 36-year-old young woman with no
personal history consulted the National Cancer Institute of Colombia with a 1-year progres-
sion of a rapidly growing mass in her left breast until reaching an approximate tumor size of
20 x 20 cm. Histopathological analysis with a tru-cut biopsy taken from the lesion revealed
the presence of a breast sarcoma with positive staining for SOX-10 and S-100. A radical mas-
tectomy as her first treatment included the resection of a costal arch and, therefore, the re-
construction of the chest wall with coverage of the defect with an extended latissimus dorsi
flap followed by consolidation therapy with adjuvant radiotherapy (RT) and chemotherapy.
Evidence regarding malignant peripheral nerve sheath sarcoma of the breast treatment cor-
responds to retrospective analyses and case reports with high heterogeneity and variability
about strategies in surgical procedures and adjunctive therapy such as complementary che-
motherapy and RT; therapeutic approach should always include a multidisciplinary team.
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Introduction

Breast sarcomas are malignant neoplasms of the mammary gland originating in the inter-
lobular mesenchymal tissue of the breast. Malignant peripheral nerve sheath tumors
(MPNSTSs) have similarities with other primary breast sarcomas making diagnosis difficult,
unsuspected and misdiagnosed without high clinical suspicion and inmunohistochemistry
[1]. Evaluation includes a physical examination, breast images (mammography/ultrasound/
nuclear magnetic resonance), extension studies (usually chest and abdominal tomography),
and histological characterization associated with immunohistochemistry due to a wide
variety of presentations [2, 3].

These tumors represent about 1% of all malignant neoplasms of the breast and less than
5% of all soft tissue sarcomas [4, 5]. They generally appear in women between 45 and 60
years of age, except for angiosarcomas, which can occur in younger women (around 40 years
of age) [6]. In most patients, they appear as a solitary tumor mass, well-circumscribed, firm,
not painful, and fast-growing. Two categories used for classification include primary, when it
appears de novo, and secondary, related to specific medical treatments such as radiotherapy
(RT) or axillary lymphadenectomy [7].

MPNSTs are a rare type of malignancy accounting only 5-10% of all malignant soft
tissue sarcoma. Their incidence is 1:100,000 and they are mostly associated with von Reck-
linghausen’s neurofibromatosis, and the most common sites of involvement are trunk
(51%), extremities (45%), and head and neck (4%). MPNST of the breast is a very rare
occurrence [1].

Surgical management of locoregional disease is surgery with wide negative margins, and
there is no standard approach in complementary adjuvant treatment. In some cases, chemo-
therapy and RT treatment protocols are homologated to those used in soft tissue sarcomas in
the extremities [8].

Clinical Case

A 36-year-old female patient consulted the National Cancer Institute of Colombia with a
left breast mass lasting 1 year without additional symptoms suggestive of systemic
compromise. Past medical history was relevant for an uncle with a malignant breast neoplasm
of unknown etiology.

Physical examination revealed a large mass in her left breast, 20 x 20 cm diameter, which
completely replaced deeper tissues and her skin on the external quadrants as an ulcerative
lesion. The evaluation of the left axilla showed inflammatory-appearing adenopathy of 1 cm
diameter. The contralateral breast and axilla (right) were clinically negative. Extension
studies and tru-cut biopsy of the lesion were requested.

Chest computed tomography revealed a necrotic mass that occupied the entire left breast
parenchyma with signs of infiltration to the skin and the pectoral muscle associated with
pectoral and axillary ganglia on the same side with a secondary neoplasticappearance (Fig. 1a,
b). The computed tomography of the abdomen and pelvis did not report distant metastatic
involvement. Biopsy of the lesion by tru-cut showed evidence of a high-grade malignant
spindle cell neoplasm with an osteochondral component, extensive necrosis, and cytoker-
atins negative staining considering a phyllodes tumor of the breast versus primary breast
sarcoma as a differential diagnosis (Fig. 2a).

Patient referral to the national cancer institute was mandatory due to its experience in
managing unusual pathologies. Discussion of the case included a sarcoma tumor board with
experts from Ohio, USA, and a multidisciplinary team at the center composed of breast,
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Fig. 1. a, b Chest CT with a 20 x 20 cm dependent necrotic mass of the left breast, left lower quadrant with
signs of infiltration to the skin and the pectoral muscle associated with the presence of ipsilateral pectoral
and axillary ganglia. CT, computed tomography.
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Fig. 2. Spindle cells with high-grade atypia and moderate mitotic (a) and Immunohistochemical staining
negative for RE, PRs, HER-2, and CKs (b). PR, progesterone receptor; CK, cytokeratin; RE, estrogen receptors.

thoracic, and plastic surgeons. The decision to carry out an RO resection included curative
treatment and a high failure rate with a more conservative approach. Discussion and expla-
nation of treatment options with the patients allow her to decide for an RO resection and
posterior chemoradiotherapy due to her fear of disease progression. The definitive report of
the pathology of the surgical specimen showed wide negative margins on each side (>1 cm).
Except for the deep border, whose margin width was 1.5 mm performing a 4th coastal arch
resection, reconstruction of the chest wall with a titanium bar, and coverage of the defect with
an extended V-Y latissimus dorsi musculocutaneous flap for anterior chest wall recon-
struction. The extended study of the surgical specimen made it possible to complete the
immunohistochemistry with positive stainings for SOX-10 and focal S-100 and negative
staining for cytokeratin CAM 5.2, epithelial membrane antigen (EMA), smooth muscle actin,
CD10, HMB-45, 343E12, and CD34. Final results allowed us to consider a high-grade spindle
cell, epithelioid and pleomorphic sarcoma with chondromyxoid areas that favor a high-grade
origin peripheral neural disease. However, we consider that it would also have benefited from
performing additional markers such as GLUT-1 and Claudin-1 associated with malignant
perineural differentiation (Fig. 2b).
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Due to the characteristics of the lesion, the initial tumor size, and the histological subtype,
the administration of adjuvant RT was considered by employing an intensity-modulated RT
technique with fractionation of 2 Gy up to a total dose of 60 Gy with subsequent adjuvant with
MAI scheme (doxorubicin, ifosfamide, and mesna). Currently, the patient is receiving the
second cycle of systemic therapy with good compliance, without dose-limiting toxicity and
toxicity due to alopecia, grade 1 gastrointestinal symptoms after doxorubicin administration.
At the moment, no hematological toxicity has been documented.

Discussion

Approximately 25% of patients with soft tissue sarcomas develop distant metastatic
disease even after curative resection of the primary tumor. Metastasis-free survival at 5 years
isregistered in 43% for tumors that present a high histological grade, tumor size greater than
5 cm, those found in the depth of the fascia, and not reported data exists for MPNS breast
sarcomas. For that reason, a multidisciplinary and individualized approach is essential [9]. In
about 70% of cases, metastases occur to the lung [10].

Clinical Recognition and Diagnostic Approach

Initial evaluation for MPNS sarcomas of the breast includes the same imaging studies used
in other women who present with symptoms of a breast nodule: mammography, breast ultra-
sonography, and contrasting breast magnetic resonance imaging, the latter being the standard
because it allows assessing for the extent of the disease and planning surgical approaches [3].

The most common finding on mammography is a single, oval, hyperdense mass with
indistinguishable or circumscribed margins with or without calcifications or spiculated
lesions [2, 4, 11].

By ultrasound, most sarcomas of the breast are hypoechoic and without the presence of
posterior acoustic shadowing [11]. Magnetic resonance imaging generally identifies oval,
heterogeneous masses with irregular margins, which generate hypointense signals on T1 and
hyperintense on T2 [11].

Pathology, Diagnosis, and Presentation

An accurate histopathological diagnosis is essential since the management of epithelial
malignancy differs profoundly from that of breast sarcomas and because the histological
subtypes of sarcomas can influence important clinical decisions requiring multidisciplinary
and personalized management [10]. For correct histopathological characterization for MPNS
breast sarcomas, differential diagnoses must be considered, such as (1) phyllodes tumor,
excluded from breast sarcomas due to the presence of a benign epithelial component, (2)
metaplastic breast carcinomas, which they represent a varied combination of a poorly differ-
entiated adenocarcinoma, with sarcomatous mesenchymal components, (3) inflammatory
carcinomas, (4) mammary lymphomas, among others [8].

Malignant peripheral neural sheath tumors morphologically resemble fibrosarcomas due
to the presence of spindle cells in a matrix of myxoid areas associated with cells with wavy
nuclear contours [8]. MPNS of the breast are sporadic o associated with neurofibromatosis, and
in those that involve deeper tissues, their prognosis depends on its complete removal [12].

In this setting, fine needle aspiration biopsy has limited use since it does not help to
establish either subtype or histological grade. The ideal biopsy in every breast lump is the
tru-cut/core biopsy, and if for some reason, tru-cut/core biopsy is not available, surgical
removal in terms of incisional biopsy can be considered and should be oriented in a way that
allows biopsy scar to be removed entirely until definitive surgical treatment.
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Immunohistochemistry

The estimated lifetimerisk ofbeing diagnosed witha MPNS breast sarcomais completely
unknown [4]. MPNS sarcomas of the breast, such as the one found in the patient, are
considered a highly aggressive histological subtype. Predominantly, they appear in the
extremities from myelinated Schwann cells that surround the axons of neurons. They
generally develop sporadically (50%) in young adults and older adults or in association
with neurofibromatosis type 1 (NF1), in which an overactivation of the Ras gene and
signaling pathway predominates.

As a histological subgroup of soft tissue, sarcomas have complex karyotypes charac-
terized by genetic alterations of CDKN2A and the repressor complex 2 PRC2, containing
SUZ12, or EED. The inactivation of PRC2 leads to the loss of the triple methylation of histone
H3 to lysine 27, which generates a change in gene expression and determines in itself a poor
prognostic marker for survival [9].

Typically, the PRC2 complex represses multiple genes in the cyclin-dependent kinase
(CDK) pathway, including CDKN2A and the genes encoding cyclins D1 and E1, CCND1, and
CCNE1. Tumor development is through the abolition of RB1 activity, the inactivation of
TP53 and the loss of CKD inhibitors, and/or the amplification of cyclin E1 expression [9].

By immunohistochemistry, it should be taken into account that normal Schwann cells
have positive staining for protein S-100, SOX-10 (SYR [sex-determining region Y] - box
10), CD-57, PGP 9.5 (protein gene product 9.5), laminin, calretinin, and E-cadherin and
negative staining for EMA, Glut-1, claudin-1, actin, and various cytokeratins. In contrast,
normal perineural cells are characteristically positive for EMA, Glut-1, claudin-1 and
negative for the S-100 protein. It is also important to highlight that MPNSTSs are positive
only for the S-100 proteinin a focal pattern; ifitis strong and diffuse, it should be suspected
that the diagnosis is not a malignant tumor of the peripheral nerve sheath but possibly a
cellular schwannoma or metastatic melanoma [13]. In our case, the focal pattern and
strong positivity for the S-100 and SOX-10 staining are associated with characteristics of
a malignant tumor of the peripheral nerve sheath of the epithelioid type with lobulated
growth, epithelioid cells, eosinophilic cytoplasm, and myxoid extracellular matrix
confirmed the diagnosis.

Staging Systems

There have been inconsistencies and some controversy in the reporting and classifi-
cation of breast sarcomas. Many published series include patients with pathologies such as
dermatofibrosarcomas protuberans, carcinosarcoma, and phyllodes tumors, which fall
outside the strict definition of sarcoma.

The most commonly used system for breast sarcomas is the American Joint Committee
on Cancer staging system [14]. Histological grade, tumor size, nodal involvement, and distant
metastases contribute to this system. However, its most important limitation is the exclusion
of specific histotypes, making it impossible to individualize the patient, and they are poten-
tially less specific than nomograms [10]. Breast carcinoma staging system is not very helpful
for breast sarcoma as nodal metastases are rare in soft tissue sarcomas [5, 14, 15]. Addi-
tionally, the definition of the thoracic wall must be taken into account for the classification of
breast tumors, which includes the ribs, intercostal muscles, the serratus anterior muscle but
not the pectoral muscle, so its compromise in the absence of invasion of the structures
mentioned above does not constitute an invasion of the thoracic wall, and its characterization
then relies on the tumor size. For this reason, breast sarcoma is considered and classified
according to its location and using the AJCC staging system for thoracic location (also used for
phyllodes tumor staging) [16]. As for MPNS breast sarcomas, no classification systems exist
specifically for this subtype.
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Treatment

The Sarculator (www.sarculator.com) is an online technological tool used to stratify the
risk of distant metastasis and overall survival (OS), obtaining an accurate prognosis and
staging in patients with soft tissue sarcoma in whom adjuvant or neoadjuvant chemotherapy
is proposed. However, in our case, we found a limitation to using it because the system was
constructed only with patients with soft tissue sarcoma of the extremities [17].

Surgical Therapy

Complete surgical excision with negative margins is the primary goal, as is seen in soft
tissue sarcomas. Complete surgical removal allows achieving adequate local control and the
potential of curative treatment [12].

Total mastectomy is the gold standard for surgical therapy in breast sarcomas, and we
believe that it will become the usual practice in MPNS sarcomas of the breast, especially in
masses greater than 5 cm; axillary regional node dissection is not indicated since they are not
usually affected (they are reactively enlarged) and the mode of dissemination, like other
sarcomas, is primarily hematogenous [1, 18] except in osteosarcomas, alveolar sarcoma,
Ewing’s sarcoma, and rhabdomyosarcomas.

Chemotherapy

No prospective clinical trials are evaluating the benefit of adjuvant chemotherapy in
MPNS sarcomas of the breast, unless the tumor is superficial, small and low grade [1]. For
this reason, treatment recommendations on chemotherapy are generally derived from
clinical trials of soft tissue sarcomas of the extremities and/or trunk [18] and have an
impact on treating metastatic disease and downstaging unresectable primaries as neoad-
juvantsetting [1, 12]. The prognosis is poor, with data needed to calculate median survival
or prognosis of MPNS sarcomas of the breast. However, the initial tumor size, site of
origin, surgical resection with free edges, and increased mitotic activity could alarm for
poor response.

Currently, chemotherapy regimens used relies on the evidence derived from the expe-
rience of the Italian sarcoma group of Gronchi etal. [19] on soft tissue sarcomas. They propose
the management with adjuvant therapy with a regimen of 3 total doses of epirubicin asso-
ciated with ifosfamide, with an absolute benefit on average of 20% for relapse-free survival
and OS at 46 months of 0.89 and 0.64 (log-rank p = 0.033) compared with another type of
regimen. Most described toxicities included neutropenia (86%), anemia (24%), and throm-
bocytopenia (21%) being the most common [19].

On the other hand, this same author demonstrated that neoadjuvant chemotherapy with
a “conventional regimen” including anthracycline plus ifosfamide was superior to chemo-
therapy guided by histological subtype, demonstrating an advantage in OS and time to relapse
in patients who received neoadjuvant therapy with high-risk characteristics [20]. Disease-
free survival at 46 months is 62% (95% CI: 48-77) in the standard chemotherapy group and
38% (22-55) in the chemotherapy group according to histological type (log-rank p = 0.004,
HR 2.00,95% CI: 1.22-3.26; p = 0.006) [20].

Given the unclear response rate to chemotherapy, neoadjuvant therapy is recom-
mended only for large or histologically classified high-grade tumors in which negative
margins are considered complex [2, 21]. Like other sarcomas, recommended regimens
generally include anthracyclines associated with ifosfamide and for MNPS sarcomas of the
breast the optimum chemotherapy is yet to be discovered, some studies propose using
imatinib with a response rate around 17% [22], and other trials have failed to produce and
objective response with tipifarnib and sorafenib. Table 1 resumes case reports publish and
treatment specifications.
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Radiotherapy

Thebenefitofadjuvant RT has notbeen established in the management of MNPS sarcomas
of the breast [4]. Some literature suggests a positive effect in the prevention of local recur-
rence, without a significant impact on OS [5]. However, much of the information is contra-
dictory and comes from retrospective studies evaluating the experience in a single institution
[23, 24]. Given the heterogeneity in the selection of treatment and the high rate of local recur-
rence, there are no definitive conclusions in this regard, as well as no consensus about specific
risk factors for local recurrence that support this therapy (tumor size >5 cm, high histological
grade, positive margins not susceptible to enlargement?) [7, 9]. Most of the experience is
extrapolated from controlled clinical trials (CCT) of sarcomas of the extremities. To date,
there are no CCTs in these specific subjects.

Some institutions have evaluated their particular experience, for example, in a series
from the M.D. Anderson Cancer Center, administration of adjuvant RT to 59 patients with
sarcomas of the breast did not show a statistically significant benefit in local recurrence.
However, the low number of patients is likely partly responsible for this result [25]. Finally,
when administering adjuvant RT to patients MPNS sarcomas of the breast, the treatment
must ensure an efficient target area of coverage with high doses, generally between 50 and
60 Gy, to guarantee better local control [26].

Differential Diagnosis

Tumors with unique histopathological characteristics, especially if their glandular
component can be partially or replaced by nonglandular components that can differentiate
into squamous cells, spindle cells, chondroid components, and other lines, are configuring
differenthistological variants and in our case. Specifically, metaplastic carcinoma with mesen-
chymal differentiation is of importance (it has mixtures of cartilaginous, bone, muscle, or
neuroglial tissue) in which the search for a carcinomatous component prevails to perform the
differential diagnosis. In cases where this finding is not revealed, characterization by immu-
nohistochemistry becomes relevant [27].

All variants of metaplastic carcinoma are negative for estrogen receptors, progesterone, and
overexpression for HER-2/neu. They are positive by immunohistochemistry for high molecular
weight cytokeratins including CK5/6, CK7 (approximately 30-60% positive), CD10 (94% positive
in the presence of spindle cells), 343E12, p63 (86.7% sensitivity, and 99.4% specificity) [27].

Conclusions

For patients with MPNS sarcomas of the breast, surgery continues to be the standard
management therapy and is the only therapeutic option that seeks a curative potential.
Adjuvant chemotherapy for high-grade aggressive lesions is an alternative treatment without
clear evidence to support this practice and should always be discussed in a multidisciplinary
team, establishing risks and possible benefits according to the tumor profile and patient
comorbidities. In our case, there are no reports in the literature on the median survival or
prognosis of malignant tumors of the peripheral neural sheath of the breast.
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