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 A B S T R A C T 

Radiation-induced sarcoma (RIS) is an aggressive form of cancer, seen in individuals previously treated for breast cancer. 
Typically associated with unfavorable outcomes The onset of RIS commonly occurs a decade after the initial breast cancer 
diagnosis, with a potential latency period extending up to 20 years. Angiosarcomas and osteosarcomas are the predominant soft 
tissue and bone sarcomas arising within the irradiated conserved breast and its surrounding area, respectively. Notably, radiation-
induced osteosarcomas predominantly originate from skeletal structures, with only 2-4% being extra-skeletal in nature. Herein, 
we present a remarkably rare case involving the development of radiation-induced extra-skeletal soft tissue osteosarcoma in the 
axilla mixed with features of spindle cell sarcoma

Keywords: Sarcoma; Radiation induced sarcoma; Osteosarcoma; spindle cell sarcoma; breast cancer

Introduction 
Radiation-induced sarcoma (RIS) is an uncommon and 

aggressive form of cancer, exhibiting a higher prevalence in 
individuals previously treated for breast cancer compared to 
those with other primary solid cancers1. Typically associated 
with unfavorable outcomes2, RIS often manifests histologically 
as malignant fibrous histiocytomas, angiosarcomas, and 
osteosarcomas3. The onset of RIS commonly occurs a decade 
after the initial breast cancer diagnosis, with a potential latency 
period extending up to 20 years4-6. The reported long-term risk of 
developing sarcoma following radiation therapy for breast cancer 
is approximately 0.2% over a span of 10 years. Angiosarcomas 
and osteosarcomas are the predominant soft tissue and bone 
sarcomas arising within the irradiated conserved breast and 
its surrounding area, respectively7. Notably, radiation-induced 
osteosarcomas predominantly originate from skeletal structures, 
with only 2-4% being extra-skeletal in nature8. Reported 
instances of radiation-induced extra-skeletal osteosarcomas are 
predominantly situated in the chest wall9,10 and supraclavicular 

fossa7. Herein, we present a remarkably rare case involving 
the development of radiation-induced extra-skeletal soft tissue 
osteosarcoma in the axilla mixed with features of spindle cell 
sarcoma. 

Case Presentation
This case involves a 67-year-old female with a medical 

history notable for asthma, obesity, and hypertension. She had 
a previous diagnosis of right breast cancer in remission since 
2000, classified as stage IIB, T3N0M0, and positive for estrogen 
and progesterone receptors. received adjuvant radiotherapy, and 
kept on Tamoxifen for 5 years, then letrozole for another 5 years. 
In 2023, while the patient was undergoing regular follow up 
exam, the patient reported the onset of an asymptomatic painless 
right axillary mass characterized by gradual size increase over 
several weeks. Upon examination, the mass, measuring 2x2 
cm, was found to be posteriorly located, fixed, and exhibited no 
changes in the overlying skin.

An ultrasonography revealed a multilobulated, well-
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defined focus within subcutaneous fat, measuring 2.3 x 1.5 x 
2.2 cm. The mass appeared hypoechoic with echogenic areas 
suggestive of calcification Figure 1. Due to highly suspicious 
features, an ultrasound-guided biopsy was performed. 
Initial histopathological examination identified an atypical 
monomorphic spindle cell neoplasm suggestive of a phylloides 
tumor, mitotic rates are rare to absent with little pleomorphism 
and no necrosis, immunohistochemical stains were focally 
positive for CD31 and CD34 and negative for S100, HMB45, 
SMA and AE1-AE3. The specimens were sent to a specialized 
pathology center for second opinion which showed cellular 
spindle cell neoplasm with mild to moderate cytological atypia 
and focal hyalinizing stroma. The mitotic count was 5/10 high-
power fields, and focal positivity to desmin, muscle-specific 
action, and myogenin supported skeletal differentiation. The 
final diagnosis was spindle cell/sclerosing rhabdomyosarcoma, 
with positive markers for F13A, Ki-67 up to 20%, and vimentin. 
Conversely, S-100, HMB45, SMA, AE1-AE3, CD 31, and CD 
34 were not expressed.

Contrasted computed tomography (CT) of the chest abdomen 
pelvis revealing no suspicious lesions, the patient was referred 
to multidisciplinary surgical oncology for excision of the mass. 
The final pathology diagnosis was high grade (grade 3) sarcoma 
with feature of osteosarcoma and spindle cell sarcoma, mitotic 
rate 11 mitoses/ 10 high power fields, with 5-10% necrosis. 
Immunohistochemical staining showed patchy positive staining 
for SMA, Demsin in the spindle cell component. Cytokeratin 
AE1/AE3, CD 34 and STAT6 are negative.  

This case underscores the complexity and challenges in 
the diagnosis of rare malignancies, necessitating a thorough 
multidisciplinary approach for accurate assessment and 
appropriate management.

Discussion
Alongside chemotherapy and immunotherapy, radiation 

treatment plays an essential role in cancer management, which 
resulted in better outcomes that prolong long term survival rate 
in different types of cancers. However, it still carrying the risk 
of developing secondary malignant tumors11,12. Radiation induce 
sarcoma ( RIS) is a uncommon and aggressive complication that 
could raise at the site of radiation after a latency period that can 
span for decades, with strong dose-response relationship12,13, for 
instance patient with breast cancer who treated with ≥ 45 Gy 
faces a higher risk of developing RIS than patients who received 
lower doses with estimated 15-year incidence of RIS after breast 
cancer treatment is 0.3%14.

The diagnosis of radiation-induced breast sarcoma (RIBS) 
presents a challenge; as the patients are usually asymptotic 
and the resemblance of primary sarcomas’s characteristics in 
diagnostic imaging15 Cahan et al. reported the first 11 cases 
of radiation-induced osteosarcoma and established criteria for 
RIS. These criteria include the tumor’s development within 
the radiation field, distinct histology from the initial malignant 
tumor, a latency period typically exceeding 4 years, and 
confirmation through histopathological examination that the 
second malignancy is indeed a sarcoma2,16. In a retrospective 
screening study included patients with primary breast cancer 
who were treated with radiotherapy and diagnosed between 
2000 and 2020, 19 patients were identified with RIBS meeting 
Cahan criteria, with a median latency period of 112 months17.

Angiosarcoma was the most common identified histo-

type followed by osteosarcoma17. In histopathologic analysis, 
primary sarcomas and secondary sarcomas of the breast 
exhibit identical morphological characteristics18,19. However, 
RIS usually manifests with a high-grade tumor with variable 
size upon excision20,21. Histopathologic features of RIS may 
include spindle-shaped tumor cells, hemorrhagic tumor 
nodules, prominent mitotic figures, and areas of necrosis20-22. 
The importance of whole tissue sampling is well seen in many 
case reports23,24, including our case, where the initial core 
needle biopsies failed to reveal the osteosarcoma component, 
emphasizing the need for comprehensive sampling to avoid 
misdiagnosis. 

RIS is associated with poor prognosis and lower disease-free 
survival rate compared with sporadic soft-tissue sarcomas, the 
reported 5-year survival rates range from 17 to 58% vs 54–76%, 
respectively25,26. Multiple risk factors were associated with poor 
outcomes such as tumor size and the presence of high-grade 
features26, 27.

Treatment RIBS consider a challenge for most clinicians, 
as patients usually present with advance disease and the lack 
of standard guidelines for its treatment. However surgical 
resection with achieving negative margins is the most effective 
treatment for RIBS to reduce the risk of recurrence28-30; the 
presence of positive margins significantly elevates the risk of 
local recurrence31, Thijssens et al.32 observed that R0 resections 
(microscopically tumor-free) yield considerably higher survival 
rates compared to R1 (microscopically positive for tumor) or 
R2 (macroscopically positive for tumor) resections. Moreover, 
survival rates did not significantly differ between patients with 
R1 and R2 resections. For proper disease clearance in RIS 
patients, retrospective studies indicated that surgical margin of 
2-4 cm are necessary33,34. 

Radiotherapy was proposed as part of treatment in RIS to 
ensure local control after surgery, especially in patients with 
positive margins and large tumor size (≥ 5 cm)27, 35, 36, however 
the effect of radiation treatment on overall survival rate is still 
uncertain29, 37. In addition, second course of radiotherapy raises 
concerns about toxicities such as rib fracture, pneumonitis, and 
soft-tissue necrosis. The role of chemotherapy for RIS remains 
ambiguous. No level 1 or 2 studies are available to address this 
question for RIS because of the rarity of this disease38.

Conclusion
Although rare, post-irradiation breast sarcoma should be 

considered in the differential diagnosis of breast lesions showing 
malignant osteoid. RIBS tend to be more aggressive than 
traditional osteosarcomas owing to their deep location, large 
size, and difficult complete surgical removal. It is imperative to 
underscore the critical need for enhanced detection and treatment 
strategies in light of the low survival rates associated with RIBS. 
The extended latency period observed in many cases further 
emphasizes the essential role of long-term oncologic follow-up, 
administered by experienced oncologist’s adept in evaluating the 
radiated breast and chest wall. Additionally due to the observed 
missed histopathological findings of osteosarcoma in needle 
biopsies in multiple cases including ours, we emphasize on the 
importance of opting for complete surgical excision to avoid 
missing such a diagnosis. Due to the rarity of extra-skeletal 
breast osteosarcomas, there are no guidelines on the optimal 
management, but it is agreed that surgical excision is the main 
key for initial therapy. 
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