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Background: Primary leiomyosarcoma of the bone (LMSB) is an extremely rare, invasive, and highly destructive primary osteosarcoma with limited treatment options and poor prognosis. Only a few case reports of LMSB have been described because of its rarity. Therefore, clinicians have a limited understanding of its diagnosis, treatment, and prognosis, and the final diagnosis depends on histopathological findings. In this report, we describe a rare case of primary LMSB in the trochanteric region of the femur. Reporting this case may increase the dissemination and understanding of information regarding LMSB and provide a reference for the diagnosis and treatment of similar cases.



Case presentation: A 63-year-old woman presented with pain and limited movement of the left hip, which had lasted for 3 months, with no history of trauma or illness. Plain radiography and computed tomography revealed a solitary osteolytic lesion in the trochanteric area of the left femur with focal cortical destruction. Magnetic resonance imaging findings suggested invasion of the lesion into the bone cortex, forming a soft tissue mass, although no distant positive findings were observed on a whole-body bone scan. A bone tumor puncture biopsy was performed to obtain a final diagnosis, and histopathological evaluation revealed left femoral intertrochanteric leiomyosarcoma, classified as G1T2M0 and staged as IB (extracompartmental low-grade malignant) according to the Enneking staging system. Thus, we performed extensive debridement and left hip arthroplasty. Postoperative chemotherapy was administered, and the patient was followed up for 4 years. Four years later, the patient's left hip pain had resolved, joint activity was good, and no signs of recurrence or distant metastasis of the bone tumor were noted.



Conclusion: For proximal femoral Enneking stage IB LMSB, extensive tumor resection combined with tumor prosthesis replacement may be an effective treatment method to prolong the patient's lifespan and to restore joint function.
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Introduction

Primary leiomyosarcoma of the bone (LMSB) is a rare bone tumor first reported by Evans and Sanerkin in 1965 and accounts for approximately 0.06% of all primary bone tumors (1). Primary LMSB lesions comprise <0.7% of all primary bone malignancies (2). They are thought to originate from small vascular smooth muscle cells in the bone cortex or pluripotent mesenchymal stem cells in the bone. They are pathologically characterized as osteosarcomas with smooth muscle-like differentiation (3). Leiomyosarcoma commonly occurs in the retroperitoneum, subcutaneous tissue of the extremities, intraabdominal space, and gastrointestinal, uterine, and other deep soft tissues (4). LMSB usually occurs in the long tubular bones of the lower extremities (tibia and femur), and approximately 70% of cases occur in the knee joint (distal femur and proximal tibia) (5). Its occurrences in the hip joint, spine, and trochanteric area of the femur have been rarely reported, especially in the last 10 years (Supplementary Table S1).

The early diagnosis and treatment of LMSB are difficult (6). LMSB mostly affects middle-aged and older patients and is usually characterized by pain and swelling of the affected limbs (7). Moreover, pathological fractures may occur in 30% of cases (7). The findings on magnetic resonance imaging (MRI) are easily confused with those of osteolytic osteosarcoma and metastatic leiomyosarcoma, and diagnosing LMSB depends on pathological methods (7). The tumor has high metastatic and recurrence rates (8, 9). From the perspective of Enneking surgical staging, high tumor grade, tumor diameters exceeding 5 cm, and early metastasis increase the long-term mortality of LMSB (10). Therefore, early diagnosis can improve the survival prognosis. As a malignant bone tumor, the most basic treatment method for LMSB is surgical resection, which can be classified into two types: limb salvage and amputation, both of which aim to completely remove the pathological tissue (11). For malignant bone tumors near joints, patients often undergo tumor prosthesis replacement surgery (12, 13). Tumor prosthesis replacement meets the marginal requirements of an extensive resection of tumor tissue and retains joint function (11). These tumors are relatively resistant to radiotherapy and chemotherapy, and their prognosis is complicated (14).

There have only been a few detailed reports of LMSB in the hip joint. Herein, we present a rare case of an older female patient with primary leiomyosarcoma in the trochanter of the left femur with a good prognosis.



Case description


Chief complaints

A 63-year-old woman who complained of pain and limited left hip movement for the previous 3 months was hospitalized in November 2017. In the early stages of the disease (August 2017), the patient experienced non-specific, intractable hip pain and limited movement without external trauma or injury. The pain was aggravated by exercise and was more severe at night, accompanied by claudication and difficulty turning over in bed. Radiography performed at a local county hospital showed a bone tumor in the left proximal femur; hence, the patient was referred to our hospital for treatment.



Medical history

The patient had a history of grade 2 hypertension accompanied by deep venous thrombosis of the left lower extremity (intermuscular venous thrombosis of the left leg), bilateral carotid arteriosclerosis, and arteriosclerosis of both lower extremities.



Physical and laboratory examinations

Physical examination revealed swelling of the upper left thigh, with no palpable mass or tenderness in the inguinal area. Local tenderness and knocking pain were present on the outside of the left hip joint. Further examination showed a positive Patrick's sign and a negative Thomas’ sign. The active and passive movements of the hip joint were limited, especially external rotation, and the patient displayed normal muscle tension and strength.

Routine laboratory tests, including blood, urine, and biochemical tests, yielded normal results. Regarding hematological and oncological indexes, the neuron-specific enolase level was slightly elevated at 15.40 μg/ml, the cancer antigen 72–4 level was 26.83 U/ml, and the ferritin level had increased to 230.90 ng/ml, which was a high value but still within the normal range. After excluding other lesions, these laboratory results were considered related to a malignant tumor's invasion of the bone marrow.



Imaging examinations

On November 26, 2017, a plain radiograph showed an osteolytic lesion with cystic destruction in the left femur's intertrochanteric region, and the lesion's boundary was clear without periosteal reaction (Figures 1A,B). Computed tomography (CT) showed that the tumor broke through the bone cortex and formed a significant soft tissue mass (Figures 1C–E). MRI revealed that the intertrochanteric medullary cavity of the left femur was occupied by short T1 and long T2 signals (Figures 1G–J). T1-weighted images showed that the tumor signal was similar to that of the muscle tissue, and the lesion included some parts of the femoral neck, trochanter, and subtrochanter. A whole-body bone scan showed that the intertrochanteric nuclides of the left femur were enriched and that bone salt metabolism had increased significantly; however, the bone salt metabolism of other parts of the body had not significantly increased (Figure 1F). Preoperatively, a CT scan of the head, neck, abdomen, and pelvis and a gynecological B-mode ultrasound revealed no metastasis in the gastrointestinal tract or uterus, and no signs of recent cerebral infarctions were present.
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FIGURE 1
Preoperative imaging. (A,B) A radiograph of the left hip joint shows the extension of the tumor from the proximal femur to the subtrochanter of the femur; osteolytic lesions invading the bone cortex and proximal bone marrow cavity, as well as local osteosclerosis, can be observed. (C) Three-dimensional computed tomography (CT) reconstruction shows that the tumor is mainly located in the trochanteric area of the femur, with obvious bone erosion and insect erosion appearance. (D,E) A CT scan of the left hip shows that the tumor's lower and upper boundaries are clear and unclear, respectively, and osteolytic bone destruction can be observed. (F) A whole-body bone scan shows no other obvious positive areas. (G) A sagittal view of a T2-weighted image shows that the tumor is well-bounded and multilocular, with lytic destruction and the tumor extending outside the bone. (H) A sagittal view of a T1-weighted image illustrates that the tumor has a low signal shadow, similar to the muscle signal, and the area is larger than the plain film area. (I) A transverse view of a T2-weighted image shows uneven hypersignal shadows in the left trochanteric area with soft tissue infiltration on the posterolateral side of the trochanter. (J) A transverse view of a T1-weighted image shows that low signal shadows dominate the entire trochanteric area.


After obtaining informed consent from the patient and her family, a puncture biopsy of the left intertrochanteric bone tumor was performed on December 5, 2017. The pathological evaluation demonstrated a left femoral intertrochanteric leiomyosarcoma.




Diagnostic assessment


Final diagnosis

Histopathological analysis revealed a myogenic tumor showing characteristics consistent with those of LMSB. The results revealed a low-grade malignant tumor. Imaging showed an invasive growth breaking through the compartment, although there were no metastases. Therefore, the tumor was classified as G1T2M0 and staged as IB (extracompartmental low-grade malignant) according to the Enneking staging system. In this case, the final preoperative diagnosis was stage IB LMSB in the femur's trochanteric region. Extensive resection of the proximal femoral lesion was needed based on the above results.



Treatment

We monitored the patient's general condition for 1 week preoperatively and performed detumescence, anticoagulation, and placement of a lower limb thrombus filter while monitoring heart, lung, and brain functions. We customized the prosthesis and performed extensive resection of the femoral intertrochanteric leiomyosarcoma and tumor prosthesis replacement under general anesthesia (Figure 2).
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FIGURE 2
Intraoperative imaging and postoperative gross specimen. (A,B) The proximal femur is completely resected, and the tumor prosthesis is successfully implanted. (C) The gross specimen shows an uneven mass in the trochanter of the femur, with a size of approximately 6.0 cm × 6.0 cm × 4.0 cm. (D) The section of the specimen shows that the center of the mass is gray-white, with bleeding and necrotic areas invading the bone cortex.


A 15-cm incision was made on the posterior side of the left hip joint. The tumor was located in the greater trochanter of the femur, infiltrating the external circumflex muscle group. We resected the normal part of the external circumflex muscle group and incised the iliopsoas muscle downward at the lesser trochanter to expose the joint capsule. Next, we exposed the region below the lesser trochanter and peeled the gluteus minimus muscle upward to completely expose the incised articular capsule. Since the articular cartilage was in good condition and showed no infiltration, it was preserved. Based on the tumor involvement observed on the MRI scan, the femoral shaft was amputated 5 cm distal to the tumor, which was 16 cm from the apex of the greater trochanter. The attached muscle and proximal femur were completely removed. The cutting edge was subsequently found to be negative for tumor cells. Meanwhile, the size of the femoral head was 41 mm, and we selected an implant with a 40-mm bipolar femoral head. We sutured the joint capsule, reconstructed the muscles adjoining the proximal femur, and placed a drainage tube. The postoperative resected specimens were then sent for pathological examination (Figure 3).
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FIGURE 3
Results of postoperative pathological examination of the bone tumor. (A) Hematoxylin and eosin staining 40×: fusiform cell diffuse hyperplasia and tumor cells infiltrate adjacent bone trabeculae, as indicated by the arrow. Inflammation is observed around the bone trabeculae. (B) Hematoxylin and eosin staining 400×: fusiform cell diffuse hyperplasia with a myxohyaline matrix pervading the intercellular space, as indicated by the arrow. (C) Smooth muscle actin 200×: cytoplasmic staining is diffuse and strongly positive, as indicated by the arrow. (D) Smooth muscle actin 400×: cytoplasmic staining is diffuse and strongly positive, as indicated by the arrow. (E) Desmin 200×: some cytoplasmic staining is positive, as indicated by the arrow. (F) Desmin 400×: some cytoplasmic staining is positive, as indicated by the arrow.




Outcome and follow-up

Two months postoperatively, the patient underwent five cycles of adjuvant chemotherapy. The chemotherapy regimen comprised cisplatin (30 mg/day) for 2 days, pirarubicin (50 mg/day) on the first day, and cisplatin (20 mg/day) on the third day. Routine clinical and radiological evaluations were performed every 3–4 months. Currently, 4 years postoperatively, the patient is in good physical condition and remains active, with no obvious pain in the hip joint or evident signs of tumor recurrence or metastasis (Figure 4). The patient's whole treatment and follow-up process is summarized in the timeline (Supplementary Figure S1).


[image: Figure 4]
FIGURE 4
Postoperative imaging. (A,B) A radiograph of the left hip joint shows that the joint prosthesis is in place 1 week after the operation. (C) Coronal view of a computed tomography (CT) scan performed 1 week postoperatively. (D–G) Chest, abdominal, and pelvic CT examinations at 42 months postoperatively show no obvious metastasis in the lungs. Meanwhile, the joint prosthesis is in place, and there is no obvious recurrence in the local area. (H–J) After 13, 24, and 32 months postoperatively, whole-body bone scan findings show no obvious recurrence.





Discussion

LMSB is a rare and highly-invasive leiomyosarcoma that is difficult to diagnose and treat (7). The incidence of LMSB is slightly lower in men than in women (12), and the 5-year disease-specific survival rate of limb LMSB is 55%, while the median disease-specific survival after diagnosis is 61 months (95% confidence interval: 36–85 months) (15). Patients with metastasis at the initial diagnosis have worse prognoses (8). A previous study showed that the average age of patients with LMSB was 46 years (range: 9–88 years) (12). The optimal treatment for LMSB is unclear, and surgery, including tumor resection and limb salvage or hip amputation, is a widely-accepted treatment modality (15, 16). After successful limb salvage, the patient in this report was monitored for more than 50 months and showed no local recurrence or metastasis and satisfactory joint function. This case can serve as a reference for diagnosing and treating proximal femoral LMSB.

LMSB has a non-specific clinical presentation, as hip pain and pathological fractures shown by imaging are often the first symptoms (14). On plain radiographs, LMSB can appear as osteolytic, cystic, or mixed lesions and may include trabecular infiltration and periosteal reactions (17). Small bone infarctions are observed more clearly on CT scans than on radiographs and indicate small intraosseous vascular embolisms (18). The actual space occupation of LMSB lesions is larger than that observed via plain radiography, and the bone trabecula is disordered, which can be observed more clearly on MRI (19). LMSB tumors generally have low-signal shadows on T1-weighted images and high-signal shadows on T2-weighted images (19). LMSB occurs mostly in the long bones of the lower limbs and should be differentiated from other common bone tumors after the exclusion of metastases (7). LMSB commonly occurs in the same locations as osteosarcoma with more obvious bone destruction and periosteum reactions observed using radiography and CT, which are specific manifestations (20). However, the periosteal reactions of LMSB are not obvious. Myelomas may also present with lytic bone destruction, though osteoporosis can be observed on radiography and CT, and a myeloma includes multiple lesions with irregular shapes (21). LMSB, osteosarcoma, and myeloma appear as low-intensity lesions on T1-weighted images and high-intensity lesions T2-weighted images on MRI (7, 20, 21). Therefore, the specificity of the imaging results of LMSB is relatively low, and the diagnosis is dependent on pathological examination (8, 22).

The pathological examination of LMSB includes observing microscopic morphology and immunohistochemistry (19). Within LMSB lesions, long, narrow, spindle-shaped tumor cells form bundles within eosinophilic-rich cytoplasm and have cigar-shaped nuclei (23, 24). Immunohistochemistry is of unique value in diagnosing myogenic tumors and must be conducted to accurately diagnose LMSB (24).

Most LMSB lesions are positive for smooth muscle actin (SMA), approximately half are positive for intermediate filament protein (desmin), and some are positive for calmodulin (h-caldesmon). These important features of myogenic tumors have important auxiliary value for the diagnosis of LMSB (9, 14). LMSB is often misdiagnosed as metastatic bone leiomyosarcoma, undifferentiated pleomorphic sarcoma (UPS), fibroblastic osteosarcoma, and metastatic sarcomatoid carcinoma (7). Metastatic bone leiomyosarcoma is ruled out by the absence of primary lesions in the gastrointestinal tract or uterus via imaging (7, 15). The diagnosis of UPS, also known as high-grade malignant fibrous histiocytotumor, is typically exclusionary. UPS has no fixed morphologic arrangement and is positive for vimentin, CD68, and several other indicators as per immunohistochemistry (25). Therefore, the morphological characteristics and immunohistochemical results of UPS are not specific, though the malignancy of UPS is higher (26). Fibroblastic osteosarcoma tissues are arranged as fibrosarcomatoid structures and appear similar to UPS tissues under light microscopy, as a spindle cell sarcoma. However, focal malignant osteogenesis is observed in fibroblastic osteosarcoma lesions, and bone morphogenetic protein, osteocalcin, and osteoponectin positivity is observed on immunohistochemistry. No markers of myogenic tumors are observed in fibroblastic osteosarcoma lesions, distinguishing them from LMSB (7, 27). And SATB2 is a relatively specific marker of osteosarcoma which is also helpful in differentiating between LMSB and osteosarcoma (7, 27). Metastatic sarcomatoid carcinoma has a unique immunohistochemical feature as it expresses p63 and PAX8 and lacks the markers of myogenic tumors such as SMA and desmin. These characteristics distinguish metastatic sarcomatoid carcinoma from LMSB (7, 28). Previous studies have indicated the absence of malignant osteogenesis in LMSB, though calcification foci may be present, which can be used to distinguish LMSB from other conditions. In this patient, the sections of each part of the tumor were examined carefully, and no malignant osteogenesis was observed, which is consistent with the results of previous studies (7, 10). The lesion reported in this study presented as a spindle cell sarcoma under microscopy. The patients’ immunohistochemistry showed positive staining for SMA, desmin, vimentin, and p53. Metastatic tumors were excluded based on the patient's medical history and imaging results, and osteosarcoma was excluded based on the absence of malignant osteogenesis and positive immunohistochemical myogenic markers. The positive myogenic tumor markers also ruled out the diagnosis of metastatic sarcomatoid carcinoma. As the lesion appeared as a spindle cell sarcoma under light microscopy, the patient was diagnosed with LMSB.

Owing to the extremely low incidence of LMSB, effective treatments and prognostic factors remain unclear (7). Metastasis, delayed operations, and insufficient surgical margins are significantly associated with low overall survival rates (9). Early extensive surgical resection is necessary to overcome these challenges and has been proven to be an effective and radical cure for LMSB (15, 29). Active limb reconstruction can be performed following the extensive debridement of lesions (10). Mori et al. reported that negative surgical margins were associated with 2- and 5-year overall survival rates of 88.5% and 83.6%, respectively, highlighting the importance of surgical treatment and indicating that the clinical results of LMSB are affected by surgical margins (8). In another study, radiotherapy had no significant effects on the patients’ postoperative survival (30).

The choice of the surgical method is the primary focus when treating malignant bone tumors. Traditionally, amputation is combined with postoperative chemotherapy (31, 32). Amputation is considered when the tumor involves important vascular and nerve bundles and invades multiple compartments, when a severe pathological fracture is present, when the effect of simple chemotherapy is poor, or when the soft tissue is extensively involved (12). However, in recent years, limb salvage has been conducted more often (12). Currently, clinicians commonly use limb salvage surgical methods, including prosthesis reconstruction with tumor resection and prosthesis replacement and conventional internal fixation with a series of surgical procedures including lesion resection, bone cement filling, and implant fixation (12, 15, 32–38).

However, the revision of internal fixation surgery and prosthesis replacement for patients with malignant bone tumors may be necessary. The reoperation rate following custom-made tumor prosthesis replacement for metastatic bone tumors of the proximal femur may be lower than the reoperation rate following internal fixation. In a previous study, the quality of life of these patients who underwent prosthesis replacement was significantly improved, though the most common complication was prosthetic dislocation (11). The choice of the surgical method requires further studies assessing primary tumors of the proximal femur. The surgical margin is an important factor affecting the survival and prognosis in patients undergoing surgery without evidence of metastasis at the time of diagnosis (8). The purpose of surgery is to completely remove the gross and microscopic tumor tissue lesions, and limb salvage can be considered without reducing the survival rate (12). The incidences of re-fracture, bone nonunion, joint instability, and osteoarthritis are lower after prosthesis replacement than after allogenic bone and joint grafting (13).

The survival rate and prognosis of patients with LMSB are closely related to the diagnostic stage of the disease (12). The 5-year survival rate of patients with stage 1, 2A, and 2B tumors was as high as 60%, and the 10-year survival rate was 43% in a previous study. However, the prognosis of patients with stage 3 tumors was relatively poor, with a survival time of no more than 4 years and a median survival time of only 2 years (12). Therefore, timely diagnoses improve the patients’ prognoses (7, 8). The patient in this report had a good prognosis based on the tumor's low stage, a timely diagnosis, and active surgical resection of the tumor.

In conclusion, this report presents a rare case of grade IB LMSB in the trochanteric region of the femur in an older woman. Over the course of this patient's diagnosis and treatment, the pathological diagnosis was confirmed via puncture biopsy, and the tumor was graded and staged via imaging. The patient's joint function was successfully restored after an expanded tumor resection with negative margins and prosthesis replacement followed by postoperative chemotherapy. At the time of writing this report, the patient remained in a good physical condition with no apparent limitation of her hip functions and no obvious signs of local recurrence or distant metastasis of the tumor. This case report may serve as a reference for the clinical diagnosis and treatment of patients with Enneking grade IB LMSB of the proximal femur.



Patient perspective

At first, the symptoms were too severe, and the pain in my left hip joint was quite unbearable. After the operation, my pain was relieved, and my joint activity improved significantly. However, there were some adverse reactions in the process of postoperative chemotherapy, which were fortunately resolved. I am very satisfied with the effect of the operation, and so far, there has been no recurrence or metastasis. My goal is to live for another 20 years.
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