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Background

Primary osteosarcoma of the breast (POB) is an extremely aggressive and heterogeneous neoplasm that originates from nonepithelial elements of the mammary gland and accounts for fewer than 1% of breast cancers and fewer than 5% of all sarcomas.



Case Presentation

An 83-year-old Chinese woman went to our hospital because of a palpable mass she had had for 8 months in the left breast accompanied by persistent dull pain for 10 days. This mass was initially misdiagnosed as a degenerating fibroadenoma and was graded as probably benign (BI-RADS category 3) by ultrasonography (US) and computed tomography (CT) plain scan and contrast enhancement of chest. Eight months later, it was presumed to be highly malignant and graded as BI-RADS category 4C because of its rapid growth and more calcifications by US and CT. 99mTc-MDP whole-body bone imaging showed that there was a mass-like abnormal radioactive concentration of Tc-99m outside the bone of the left chest. The lumpectomy of the left breast was indicated, and the pathological findings were POB. She succumbed to respiratory failure caused by multiple lung metastases 4 months after the operation.



Conclusion

POB is rare, and US and CT cannot reliably distinguish the causes of calcified breast masses between benign and malignant tumors. It can be diagnosed by pathology when metaplastic carcinoma, malignant phyllodes tumor, or carcinosarcoma containing osteoid and bone is excluded. This case could help clinicians to improve the prognosis and treatment of this disease.
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Introduction

Primary osteosarcoma of the breast (POB) accounts for fewer than 1% of all primary malignancies of the breast (1). There are less than 200 cases published via case reports or small case series. The exact mechanism of tumorigenesis of POB remains unknown. Studies suggest that it may occur because of neoplastic transformation in a pre-existing breast lesion (including fibroadenoma, phyllodes tumor, or intraductal papilloma), or it may arise from totipotent mesenchymal cells of the breast stroma (2–4). In this article, we report an 83-year-old female diagnosed with POB in the left breast without histories of any breast lesions and radiotherapy. This case could help clinicians to improve the prognosis and treatment of this disease.



History

An 83-year-old Chinese woman noticed a palpable mass in the left breast that had been there for 8 months. When the woman first came, there was a round mass about 3 cm in size in the inner upper quadrant and the outer upper quadrant of the left breast, without local pain, skin redness, swelling, ulceration, nipple bleeding, or discharge. She had histories of hypertension and diabetes for 7 years and was diagnosed with diabetic nephropathy, chronic kidney disease stage 4, and renal anemia for 3 months, and all the diseases were under treatment and control. She had no family history of tumor disease. Due to the patient’s old age and multiple underlying diseases, no further treatment was performed. Eight months later, she felt a persistent dull pain in her breast for 10 days. The physical examination showed that the left breast was enlarged, and there was a firm, irregular mass, about 7 cm × 8 cm size in the left breast, with unclear boundaries and an acceptable range of motion without other changes in the breast. No mass was found in the right breast, and no enlarged lymph nodes were touched on the bilateral axillary and supraclavicular region.

The laboratory tests showed that hemoglobin was 76 g/L, alkaline phosphatase was 554 U/L, and the serum tumor markers were all in a normal range. A calcified mass was found at the first examination of ultrasonography (US) and computed tomography (CT) plain scan and contrast enhancement of chest (Figure 1). The lesion was considered to be a degenerative fibroadenoma and was classified as a benign tumor according to Breast Imaging and Reporting Data System (BI-RADS) category 3. After 8 months, it was presumed to be highly malignant and graded as BI-RADS category 4C because of its rapid growth and more calcifications at the examination of US and CT plain scan and contrast enhancement of chest (Figure 1). Biopsy was performed according to the patient’s preference, resulting in specimens showing to be a malignant phyllodes tumor of the breast with ossification or osteosarcoma. Then, 99mTc-MDP whole-body bone imaging was performed, and it showed that there was a mass-like abnormal radioactive concentration of Tc-99m outside the bone of the left chest, without other abnormal concentrations (Figure 2). Mastectomy and axillary lymph node dissection was performed on the left breast, and the histological results were observed (Figure 3). Microscopically, it showed a 7 cm × 8 cm × 8 cm regular mass in the central region with a clear boundary—the pectoralis major was invaded. The tumor was rich in osteoid tissues, heteromorphic osteoblast-like cells, multinucleated giant cells, and small foci of cartilage, which is consistent with osteosarcoma. Immunohistochemical analysis showed Special AT-rich-binding protein 2 (SATB2) (+), Vimentin (+), CK-Pan (AE1/AE3) (−), CK-Low Molecular Weight (CK-LMW) (−), CK-High Molecular Weight (CK-HMW) (−), CK56 (−), CK14 (−), P63 (scattered +), P53 (±), S-100 (−), desmin (des) (−), Smooth Muscle Actin (SMA) (−), Cam5.2 (−), CD10 (−), CD34 (−), CD117(−), CD68 (scattered +), Estrogen receptor (ER) (−), progesterone receptor (PR) (−), Human Epidermal growth factor Receptor 2 (Her-2) (−), and Ki-67 (+, 60%). Axillary lymph node was negative (0/10). After the operation, she did not have any further treatment because of her venerable age. Four months later, she died of respiratory failure caused by multiple lung metastases (Figure 4).




Figure 1 | Comparison of images on US (A, B) and CT (C, D) of the patient before and after 8 months. Eight months later, the lesion was much larger with unclear boundaries, and there were much more calcifications.






Figure 2 | The 99mTc-MDP whole-body bone imaging. It showed that there was a mass-like abnormal radioactive concentration of Tc-99m outside the bone of the left chest, without other abnormal concentrations.






Figure 3 | The gross specimen (A) and the histologic result (B:ross specimen (A) showed a 7 cm × 8 cm × 8 cm mass in the central region with clear boundary, regular shape, and pectoralis major invaded, and the histologic result (B: HE×40) showed that it was rich in osteoid tissues, heteromorphic osteoblast-like cells, and multinucleated giant cells.






Figure 4 | Timeline.





Discussion

POB is a rare, invasive, and heterogeneous tumor. Mammary sarcomas are rarely seen and compose <1% of all primary breast malignancies (5). The most common breast sarcomas include fibrosarcoma, malignant fibrous histiocytoma, angiosarcoma, and liposarcoma, accounting for 12.5% of breast sarcomas (6). The origin of the tumor is uncertain. Researchers approach this tumor similar to a sarcoma (cells originated from totipotent mesenchymal cells of the mammary gland or mesodermal remnants), while Emad A. Rakha showed that almost all POBS are derived from an epithelial origin after being under metaplastic transformation (7).

At present, there are less than 200 cases of POB reported. Compared with traditional skeletal osteosarcoma, POB is more common in elderly patients (60–80 years old) (3, 5). Yet, a case reported a diagnosis of POB in a male patient (4) and a 16-year-old young female patient. The etiology of POB remains unclear. It is reported that it may be related to breast radiation therapy and trauma, professional exposure to vinyl chloride, and artificial implants (8). Nevertheless, the current case did not show these potential underlying triggering factors.

The clinical characteristics of POB are that the tumor is shallow, has multiple nodules, and can be bilateral. It often presents as a rapidly enlarging mass, and a minority (18%) of POB is associated with pain (3). Unlike osteosarcoma, which has high serum alkaline phosphatase (AKP), POB has normal or slightly increased serum AKP level (9), which probably reflects small amounts of neoplastic bone pathologically, and seldom visible matrix mineralization. Our patient has a slightly higher level of AKP, and this level declined following excision.

Imaging examinations of US and CT cannot be used to distinguish between the benign and malignant causes of a calcified breast mass. In the beginning, the mass might be graded as benign and was diagnosed with a calcified fibroadenoma. Nevertheless, the next US and CT considered it as highly malignant and graded as BI-RADS category 4C because of the rapid growth of the mass as well as more calcifications. The differential diagnosis of breast calcified masses with invasive clinical and imaging features is limited (10). It suggests that the characteristics of the calcified lesions differed substantially from the initial visit on imaging examinations when new microcalcifications with fine and irregular shapes surround the initial coarse calcified lesion (11). Furthermore, Tc-99m MDP is a specific marker for osteoid neoplasm and should be used to exclude primary skeletal osteosarcoma. The localization of Tc-99m in extraosseous tumors has been fully confirmed, but its intensity is generally considered to be lower than that in skeletal neoplasms (12). 99mTc-MDP whole-body bone imaging showed intense uptake in the mass outside the bone of the breast, which also suggested a primary extraskeletal sarcoma rather than a primary breast carcinoma (13). Some authors consider that whole-body PET-CT may be helpful to staging and restaging of extraskeletal osteosarcomas (9). In the present case, it showed a mass-like abnormal radioactive concentration of Tc-99m outside the bone of the left chest, without other abnormal concentrations.

POB presents as a highly malignant mesenchymal neoplasm that produces neoplastic osteoid and bone. The final diagnosis of POB can only be established when an osteogenic sarcoma arising from the underlying bones is excluded and immunohistochemical tests show lack of epithelial differentiation (14). The main histological typing and differential diagnosis of POB is metaplastic carcinoma, malignant phyllodes tumor, or carcinosarcoma containing osteoid and bone. Metaplastic carcinoma always shows an immune response to epithelial markers, while POB lacks markers of epithelial differentiation. In this case, antibodies against epithelial markers such as AE1/AE3, Cam5.2, CK56, and CK14 were all negative, evidencing the non-epithelial character of the tumor. Breast malignant phyllodes tumor is a hyperplasia of both breast stroma and epithelium. Spindle cells in tumor were positive to varying degrees for Vimentin, SMA, CD34, CD10, and Bcl2, and epithelium markers were usually positive. Here, immunohistochemical results sustaining mesolobe tissue origin such as des, SMA, Vimentin, S100, CD34, CD10, and CD117 were negative; thus, malignant phyllodes tumor is excluded. SATB2 is a sensitive and specific marker for osteoblast differentiation. It is mainly expressed in benign and malignant bone tumors containing osteoblastic differentiation as well as soft tissue tumors with heterogenic bone differentiation. As there was neither chondroid differentiation nor evidence of phylloid tumor or metaplasia in this case, the final diagnosis was POB. Sometimes POB needs to be identified with breast primary cutaneous secretory carcinoma (15).

Due to the rarity of the disease, the optimal treatment strategy for POB varies. Wide excision with negative margins of POB is necessary. Axillary lymph node dissection is not recommended because POB is locally aggressive and metastasizes hematogenously rather than through lymphatics. It is reported that 20 patients with POB underwent axillary lymph node dissection and there were no lymph node metastases (16). The benefit of adjuvant radiotherapy and chemotherapy in terms of overall survival advantage has not been determined (17). As osteosarcoma is resistant to radiation therapy, postoperative radiotherapy is still controversial. Radiotherapy may be performed in cases of positive margin, or a huge mass that cannot be well excised (18). Some studies prompt that adjuvant chemotherapy may be valuable for POB treatment strategies. Adjuvant chemotherapy may be used with high-grade tumors >5 cm and/or positive margins (19, 20). A retrospective study in 266 patients with extraskeletal osteosarcoma showed higher survival rates in patients who received perioperative chemotherapy (21). In the literature, metastases are most common to the lung followed by bone and liver (18). In this case, the patient had multiple lung metastases 4 months after the operation and died of respiratory failure in the end.

As POB is highly aggressive with early recurrence and propensity for hematogenous spread; it has a very poor prognosis. It is reported that the 5-year overall survival (OS) probability was 38%, and the 10-year OS rate was 32% (3). Twenty-four cases of POB were reported in the literature; the 1-year, 2-year, and 5-year OS rates were 78.7%, 68.1%, and 52.5%, respectively; and the 1-year OS rate of eight highly differentiated patients was 100%, compared with 10 poorly differentiated patients, whose 1-year OS rate was only 5% (16). As incisional margin involvement is an important predictor for local disease recurrence, the size of the tumor, number of mitoses, and existence of stromal atypia are other prognostic indicators (22).

As there is limited evidence to guide treatment, further research is needed to explore the treatment of this invasive disease.



Conclusion

POB is an extremely rare disease with a poor prognosis. The origin of the disease is still obscure. Breast scan of US and CT often shows dense calcification mass, which is initially misdiagnosed as a benign tumor. The final diagnosis is based on a comprehensive IHC panel and meticulous pathological examination. The main histological typing and differential diagnosis of POB is metaplastic carcinoma or carcinosarcoma containing osteoid and bone. Till now, the best treatment for POB has been an adequate extent of surgery, whereas the role of adjuvant chemoradiotherapy remains unclear. Further research regarding the mechanism of tumor development, imaging findings, and effective treatment methods is required to improve the survival rate of POB.
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