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Abstract
Angiosarcoma of the breast is an unusual malignancy and carries a poor prognosis, with a 
5-year overall survival rate ranging from 27 to 48%. Radiotherapy-induced angiosarcoma (RIAS) 
of the breast is very uncommon, with an estimated incidence of 1 in 1,000 cases of breasts 
treated with radiotherapy for breast cancer. The increase in radiotherapy usage may lead to 
an increased incidence of RIAS. A case presentation of a 67-year-old patient with tubular 
adenocarcinoma of the left breast who developed c-MYC-positive RIAS of the breast is present-
ed. The patient was successfully treated with surgery. We presented a classic case of c-MYC 
RIAS. c-MYC was reported to be positive in RIAS and other types of angiosarcomas. Clinical 
examination and early detection of RIAS breast angiosarcoma is vital to improving outcomes 
in these patients.
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Introduction

Angiosarcoma of the breast is an uncommon and heterogeneous malignancy. It behaves 
aggressively and carries a poor prognosis, with a 5-year overall survival rate of 27–48% [1, 2]. 
Due to its scarcity, most of the information regarding the diagnosis and management of this 
condition is from case reports and retrospective series analyses with relatively small patient 
numbers [1–3]. Angiosarcoma of the breast accounts for 3–5% of all soft tissue sarcomas and 
less than 1% of all breast malignancies. Radiotherapy-induced angiosarcoma of the breast 
(RIAS) is even less common. The estimated incidence of RIAS (also referred to as secondary 
breast angiosarcoma) is 1 in 1,000 cases of breasts treated with radiotherapy for breast 
cancer. The definition of radiation-induced sarcoma (RIS) has changed over the years. 
Currently, it is recommended that the diagnosis of RIS should meet specific criteria [4]. These 
criteria are shown in Table  1. In recent years, there has been an increase in radiotherapy 
treatment for breast cancer management following surgery. The main reason for this increase 
is the result of women choosing lumpectomy and radiotherapy instead of mastectomy. The 
increase in radiotherapy usage may lead to an increased incidence of RIAS. Salminen et al. [5] 
have reported an increased incidence in RIS, including angiosarcoma of the breast. These authors 
showed a slightly higher incidence than the usually reported rates of 0.03–0.2%. Among RIS, 
angiosarcoma is the most common.

Clinical Case Presentation

Mrs. D.K. is a 67-year-old patient with adenocarcinoma of the left breast. The patient had 
no family history of cancer, no chronic diseases, and was treated with hormone replacement 
therapy for 5–6 years.

Diagnostic mammogram and sonar of the breast showed a 3.4 mm × 2.4 mm density at 2 
o’clock, midway between nipple and axilla in the left breast. MRI of the breasts after biopsy 
failed to show any evidence of malignancy in both breasts. The patient had a left lumpectomy 
and left sentinel node biopsy.

The pathology report showed a tubular carcinoma. The lesion was classified as a pT1a, 
pN0 (0/5), ER negative, PR positive, Her2++, FISH negative, and a Ki67 of less than 5%. She 
had 3D planned radiotherapy to the left breast, 1.8 Gy/X28#, plus a boost to the tumor bed, 
guided by the clips placed in the tumor bed, delivering 1.8 Gy daily for seven fractions, with 
6-MV photons. At completion of radiotherapy, adjuvant endocrine therapy with tamoxifen 
was started. The patient received tamoxifen for 5 years. Follow-up visits were done every 6 
months and mammograms every year.

Four years after completing radiotherapy, the patient had a left breast biopsy due to a 
BIRADS IVB lesion in the left inner quadrant. Pathological report showed fat necrosis.

Table 1. Criteria for diagnosis of radiation-induced sarcoma

Criteria for diagnosis of radiation-induced sarcoma
 The histology of the sarcoma must be proven histologically and different from the histology of the 
primary tumor
 The sarcoma should be located within the treatment field or in the tissue volume included in the 5% 
isodose line
 Patients with cancer syndromes should be excluded
 The latent period to the development of RIAS should be at least 4 years from treatment
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Ten years following the completion of radiotherapy, the patient developed two nodules 
in the left medial breast skin (Fig. 1). A biopsy of the nodules showed a hyperkeratotic 
epidermis. Within the dermis, there was a well-circumscribed neoplasm extending to the 
deep margins of the biopsy. The neoplasm comprised thin-walled vascular channels lined 
by hyperchromatic, atypical plump endothelial cells with irregular nuclei. There were 12 
mitoses per 10 per high-power field. HHV8 immunohistochemical stain was negative. The 
cells were negative for AE1/AE3 and positive for CD31. A high-grade radiation-associated 
angiosarcoma was diagnosed. There was no evidence of recurrent tubular breast cancer in 
this specimen.

MRI of the breasts showed two lesions. The first was described as an oval focus of enhancement 
in the left lower inner quadrant in the skin, measuring 10 × 8 mm in size. The second one was 
a 3-mm, BIRADS II lesion in the right, with bilateral reactive lymphadenopathy (Fig. 2). CT 
chest, abdomen, and pelvis did not reveal any evidence of systemic disease.

A left simple mastectomy and right breast reduction were performed. The pathological 
report showed two foci of tumor cells, one of 18 mm, in the upper inner quadrant, and an 
additional 12-mm lesion in the lower inner quadrant (Fig. 3). Histopathology showed a high-
grade angiosarcoma with a mitotic count of 30 per ten high-power fields. c-MYC gene ampli-
fication was confirmed in fluorescent in situ hybridization studies (Abbott VYSIS probes for 
CEP8 and C-MYC). The mean absolute copy number of C-MYC was 13.7 copies per nucleus, and 
the mean copy number of CEP8, the centromeric region of chromosome 8 used to normalize 
for the number of chromosome 8 copies in the nucleus, was 2.24. The lesion was staged a pT1, 
T1NxG3, stage II according to AJCC sarcoma staging [6].

At surgery, clear margins were achieved, in all directions, with 15-mm inferior, 25-mm 
superior, 30-mm medial, and 60-mm deep margins. The tumor was limited to the skin, with 
no involvement of breast tissue. No further adjuvant therapy was given.

It was difficult to accurately assess the radiation dose given to the sarcoma area due to 
changes in the breast shape in 10 years. From a rough estimation, it seems that the volume 
was in the 40–45 Gy isodose line. Following surgery, the patient was followed up clinically 

Fig. 1. CT scan planning for radiation to the breast.
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Fig. 2. Clinical and MRI radiological features of breast angiosarcoma.
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every 3–6 months, and she remained in remission without local or systemic recurrence for 
2 years.

Discussion

RIAS is a rare type of secondary angiosarcoma. Recent data from SEER summarized by Snow 
et al. [7] showed that breast cancer patients had the highest incidence of secondary sarcomas 
(0.03–0.2%). According to the same authors, considering all post-radiation sarcomas, breast 
cancer patients have the highest RIS number and account for 52.1% of all radiation-induced 
sarcomas. The relative risk of RIS in breast cancer patients compared to 17 other primary cancer 
sites was 1.21 (CI: 1.01–1.46, p < 0.03, adjusted for age at primary diagnosis, gender, and latency).

In recent years, radiotherapy for breast cancer following surgery is often used due to women 
choosing lumpectomy and radiotherapy instead of mastectomy. The increase in radiotherapy 
usage may lead to an increased incidence of RIS.

Fig. 3. Pathology description. Macroscopic examination of the breast showed a polypoid lesion on the skin 
with ulceration. The low magnification image shows the lesion involving the dermis of the skin and no exten-
sion or multifocal foci within the deeper tissues. The tumor morphology shows a vasoformative spindle cell 
proliferation with red blood cells within the vascular spaces formed by the spindle cells. The tumor cells are 
positive with CD34 and CD31. In situ hybridization for the MYC gene showed amplification of MYC with a 
mean copy number of 13.7 copies per nucleus (CEP8 aqua; MYC red). Together the features are indicative of 
post-radiation angiosarcoma of the breast.
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The MYC genes are a family of transcription factors involved in many cell functions, 
including cell growth, maturation, and death, including c-MYC, l-MYC, and n-MYC. Genetic 
changes in the MYC genes are well described within malignancies, and these include translo-
cations commonly seen in hematolymphoid malignancies where MYC gene expression is 
driven off a highly active promoter, for example, in Burkitt lymphoma, where MYC gene 
expression is driven off the IgH promoter as a result of the T8:14 translocation that essen-
tially defines these tumors. In RIAS, the oncogenic driver stimulation from increased MYC 
activity is produced by gene amplification of the MYC locus resulting in increased gene dosage 
and consequent c-MYC oncogene expression. A similar mechanism of the oncogenic driver is 
seen with n-MYC in neuroblastoma and amplification of other genes in malignancies, including 
HER2 in breast cancer. The presence of MYC as an oncogenic driver is associated with a poorer 
prognosis and unfavorable survival [8].

The MYC oncoprotein is a transcription factor and has a role in cell proliferation, cellular 
differentiation, and apoptosis. MYC also stimulates angiogenesis and promotes invasion and 
metastasis. MYC amplification can be observed in high-grade chondrosarcomas, epithelioid 
sarcomas of the proximal type, and high-grade myxoid liposarcoma [8].

In our case, the MYC analysis was performed to differentiate between primary angio-
sarcoma and RIAS. Although MYC overexpression is often reported to be more common in 
patients with RIAS, the evidence is neither obvious nor consistent. Our patient’s indication 
for evaluation of c-MYC was to distinguish between radiotherapy-induced angiosarcoma of 
the breast and primary angiosarcoma of the breast.

Mentzel et al. [9] showed that 24/25 patients (96%) diagnosed with RIAS were positive 
for MYC gene amplification by FISH analysis. Guo et al. [10] found a high MYC amplification 
level in 100% of secondary angiosarcoma but none in the radiation-associated atypical 
vascular lesions. Manner et al. [11] found MYC amplification in 55% of secondary angio-
sarcoma (radiation, chronic lymphedema) but not in primary angiosarcoma.

Guo et al. [10] analyzed ten RIAS, and all of them had MYC amplification compared to none 
of the eleven atypical vascular lesions. Laé et al. [12] conducted a study on 47 patients with 
breast angiosarcomas. Amplification of the c-MYC oncogene (5- to 20-fold) was demonstrated 
in all 32 breast RIAS and only 1 of the 15 patients (7%) with primary angiosarcomas. The 
authors concluded that fundamental pathogenetic differences exist between primary breast 
angiosarcomas and RIAS which are impossible to differentiate morphologically [12].

In contrast, a study conducted at the University of Michigan demonstrated that MYC over-
expression could be seen in primary angiosarcoma. In this study, MYC immunohistochem-
istry was carried out on representative whole tissue sections of a large retrospective cohort 
of patients with primary angiosarcoma, RIAS, Stewart-Treves syndrome, and AVL and eval-
uated MYC using a semiquantitative scoring method [13].

In this study, MYC was strongly expressed in most RIAS and Stewart-Treves syndrome, 
while primary angiosarcoma demonstrated inconsistent MYC expression, and high-grade 
tumors showed significantly higher MYC expression than low-grade tumors. In contrast, MYC 
expression in AVL is predominantly negative but may occasionally show focal staining [13].

Additionally, the authors suggested that increased MYC expression in high-grade primary 
angiosarcoma may play a role in the pathogenesis of angiosarcomas, and MYC IHC may be a 
prognostic and potentially a predictive biomarker in a subset of these tumors [13]. The 
Stewart-Treves syndrome is an unusual condition associated with high mortality, defined as 
angiosarcoma in patients with chronic lymphedema. It is classically seen in women who 
develop lymphedema in the upper extremity following axillary lymph node dissection for 
breast cancer surgery [14].

In addition, Maillard et al. [15] reported a 16-year-old patient diagnosed with primary 
MYC-positive angiosarcoma. Shiraki et al. [16] reported an MYC-positive angiosarcoma in 
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an 80-year-old female. The patient was treated with BCS and did not receive radiotherapy 
due to her advanced age but was treated with endocrine therapy [16]. Moreover, the diag-
nosis of RIAS was also described in a patient who had partial breast radiotherapy [17]. 
Recently, RIAS was also described in a male patient [18]. In this study, the MYC was not 
evaluated [18].

A high MYC level was also associated with chronic lymphedema associated with secondary 
angiosarcoma in 55% of cases [11]. RIAS of the breast is a rare and devastating event. With 
the extended indications for adjuvant radiation therapy in breast cancer to improve local 
control and survival, more cases may be diagnosed in the future. Even in cases where the 
volume irradiated is reduced, as practiced in partial breast radiation therapy, secondary 
angiosarcoma is described [19]. Kirova et al. [20] reported a 0.07% cumulative incidence at 
5 years, 0.27% at 10 years, and 0.48% at 15 years.

RIAS mainly presents as a purple nodule in the skin that may be limited to one area or 
diffuse. The diagnosis is made by core biopsy as the clinical presentation may be confused 
with other endothelial vascular pathologies or benign conditions. In the past, the presence of 
MYC amplification in the tumor could differentiate between primary angiosarcoma and RIAS. 
Recent data suggest that MYC overexpression might not be as valuable as initially described 
as MYC has been described in other forms of angiosarcomas.

Several gene mutations have been reported in RIAS, including inactivation of p53 and the 
amplification of the 8q24 region containing the MYC oncogene, as discussed above. Amplification 
of FLT4 has also been described [9]. A recent report indicated that a mutational pattern associated 
with genes involved in DNA repair might be important in the pathogenesis of RIAS [21].

The presence of MYC in the tumor can assess the resection margins and ascertain R0 
resection, which is a crucial factor in local recurrence. In the future, it might be possible to use 
these characteristics as a predictive or prognostic biomarker; however, large prospective 
studies are needed to confirm these observations. Despite the poor prognosis and different 
adjuvant and neoadjuvant treatment modalities, there is consensus that the most efficient 
treatment is a mastectomy, with R0 resection, with wide margins, up to 3 cm, where feasible 
[1].

The prognosis of RIAS is poor. The 5-year survival rates vary from 27% to 48%. 
Recurrence is not limited to local recurrence, and distant metastases to the lung, bones, 
liver, nodes, and contralateral breast have been reported. There are no accepted criteria 
to prognosticate the behavior of this malignancy [1]. The role of adjuvant radiotherapy 
in RIAS is very controversial and usually not indicated, bearing in mind that this condition 
is a radiation-induced malignancy, and previous radiation has by definition been received 
to the dose area.

Radiotherapy alone or combined with chemotherapy has been used for recurrence post-
surgery or when initial surgery was not feasible. Chemotherapy as neoadjuvant, adjuvant, 
and in metastatic or recurrent disease has modest activity [1]. There are no chemotherapy 
regimens that are regarded as the standard of care. Several reports describe the use of taxanes, 
anthracycline, ifosfamide, vincristine, cyclophosphamide, and even bevacizumab [1]. The 
response to these agents alone or in combination is partial and lasts a few months. The possi-
bility of targeted therapy should be explored. Future directions in this field include the usage 
of gene expression analysis and next-generation sequencing [22]. Hadj-Mamou et al. [23] 
detected a gene expression signature to differentiate between RIAS and sporadic sarcomas. 
Gene analysis revealed a signature of 135 genes that differentiated between the two groups. 
As a result, 96% of RIAS and 62% of sporadic sarcomas were accurately assessed using this 
signature [23]. Additionally, a more recent RNA sequencing study by Lesluyes et al. [24] 
reported indistinguishable transcriptomic profiles between radiation-associated sarcomas 
and sporadic sarcomas. It is possible that genomic testing will help differentiate between the 
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two clinical entities in the future. Due to this tumor aggressiveness, locally and systemically, 
the follow-up should include local and systemic evaluation, 3 to 6 monthly, with clinical exam-
ination and CT scans.

Conclusion

We presented a classic case of RIAS. Our case falls in line with the reported cases in the 
literature and fulfills all criteria for diagnosing RIAS or secondary angiosarcoma. Our case 
was MYC positive. Although MYC was considered an important test to distinguish between 
primary angiosarcoma and RIAS, some studies demonstrated the contrary. Clinical exami-
nation and early detection of breast angiosarcoma are essential to improve outcomes and 
cure patients with this aggressive condition.
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