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Abstract
BACKGROUND
Malignant giant cell tumor of the tendon sheath (MGCTTS) is an extremely rare malignant tumor originating from synovial and tendon sheath tissue with highly aggressive biological behavior and a high rate of local recurrence and distant metastasis which should be considered a highly malignant sarcoma and managed aggressively. How to systemically treat MGCTTS remains a challenge. In this case, a patient with MGCTTS suffered a recurrence after 2 surgical resections received adjuvant chemotherapy and radiation therapy, but the treatment outcome remained poor. More clinical trials and better understanding of the biology and molecular aspects of this subtype of sarcoma are needed while novel medicines should be developed to efficiently target particular pathways.

CASE SUMMARY
A 52-year-old man presented with persistent dull pain in the right groin accompanied by limited right hip motion starting 6 mo ago. Two months before his attending to hospital, the patient's pain worsened, presenting as severe pain when standing or walking, limping, and inability to straighten or move the right lower extremity. Surgical excision was performed and MGCTTS was confirmed by pathology examination. Two recurrences occurred after surgical resection, moreover, the treatment outcome remained poor after adjuvant chemotherapy and radiation therapy. The patient died only 10 mo after the initial diagnosis.

CONCLUSION
MGCTTS is characterized by a joint mass with pain and limited motion. It typically grows along the tendons and infiltrated into the surrounding muscle and bone tissue, with a stubborn tendency to relapse, as well as pulmonary metastasis. Radically surgical resection provides a choice of treatment whereas post-operation care should be taken to preserve the function of the joint. Chemotherapy and radiotherapy can be used as alternative treatments when radical resection cannot be performed.
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Core Tip: This case demonstrates the highly aggressive biological behavior of Malignant giant cell tumor of the tendon sheath (MGCTTS), which mostly appears in Computed tomography (CT) images as a large mass that grows around the joint with poorly defined borders. CT can show details of bone destruction surrounding the lesion caused by extensive invasion. MRI clearly shows the histological features of the tumor and its relationship to the surrounding tissue. There is a stubborn tendency for MGCTTS to relapse and a possibility of pulmonary metastasis. Postoperative follow-up, especially long-term follow-up for evaluating recurrence, is necessary. Meanwhile systemic examination should be undertaken to evaluate distant metastasis.

INTRODUCTION
Giant cell tumor of the tendon sheath (GCTTS) is a benign tumor involving the synovial joints, bursae and tendon sheaths. Based on the 2013 edition of the World Health Organization (WHO) Classification of Tumors of Bone and Soft Tissue, it is classified as a "so-called fibrous histiocytic tumor". It can be further classified as limited, diffuse, intra-articular or extra-articular according to its biological behavior and location respectively[1-2]. GCTTS occurs mostly in young people, especially women, with a median age of 40 years[3]. Limited-type GCTTS usually affects small joints, such as fingers and wrists, and is characterized by a low recurrence rate (10%-20%). Rarely, diffuse GCTTS can become malignant, with a highly aggressive biology, such as regional lymph node and distant organ metastases[4].
Here, we report the imaging presentation and treatment of a patient with malignant giant cell tumor of the tendon sheath (MGCTTS) of the right hip who suffered recurrence after two surgical resections and a continuous poor treatment outcome after adjuvant chemotherapy and radiation therapy. The survival time was only 10 mo after initial diagnosis.

CASE PRESENTATION
Chief complaints
A 52-year-old male came to see doctors with a complaint of pain in his right hip for 6 mo.

History of present illness
The patient had developed unexplained right hip pain 6 mo ago, presenting as persistent dull pain accompanied by limited movement of the right hip joint without radiating pain or numbness of the lower limbs. The right hip pain worsened 2 mo prior to this visit, manifested as severe pain when standing or walking, limping, and inability to straighten or move the right lower limb. The patient had developed symptoms of anemia 1 wk ago.

History of past illness
No special circumstances.

Personal and family history
The patient had no family history of hereditary diseases.

Physical examination
On admission, the patient suffered normal spinal motion, no pressure or percussion pain in the spinous process, pain in the right hip without radiating, inability to straighten the right lower extremity, limited movement in the angle and range of the right hip, limping, and no erythema found on the skin of the right hip, respectively.

Laboratory examinations
Laboratory tests showed a platelet count of 695 × 109/L (normal range, 125-350 × 109/L); monocyte count of 0.71 × 109/L (normal range, 0.1-0.6 × 109/L); D-dimer of 0.35 mg/L (normal range, 0-0.55 mg/L); C-reactive protein of 176.29 mg/L (normal range, 0-5 mg/L); procalcitonin of 0.25 ng/mL (normal range, 0-0.2 ng/mL); and ESR of 21.00 mm/h (normal range, 0-15 mm/h), respectively.

Imaging examinations
Pelvic radiography showed multiple cystic hypodense shadows in varying sizes, with well-defined borders in the right iliac bone and right upper femur, suggesting osteolytic bone destruction (Figure 1). CT revealed a soft tissue mass with heterogeneous density in the intermuscular space anterior to the right iliopsoas muscle and the right superior femur, with patchy hypodense necrosis within the mass with indistinct borders, at the size of approximately 5.3 cm × 7.5 cm × 21.2 cm (AP × LR × SI). The plain CT attenuation value of the mass was approximately 49 HU and osteolytic bone destruction could be seen in the adjacent iliac bone and acetabulum. The enhanced CT attenuation value of the mass was approximately 55 HU and 58 HU in the arterial and venous phases respectively, representing heterogeneous mild to moderate enhancement (Figure 2). Magnetic resonance imaging (MRI) displayed a mixed-signal mass along the right iliopsoas and the anteromedial muscle gap of the right upper femur, with a heterogeneous low signal on T1-weighted imaging (T1WI), a heterogeneous slightly high signal on fat-saturated T2-weighted imaging (T2WI), a high signal on diffusion weighted image (DWI), and a low signal on apparent diffusion coefficient (ADC) imaging (Figure 3). The patient underwent a whole-body 99mTc-methylene diphosphonate bone scan, which demonstrated a high radioactive accumulation around the areas in the right ilium, acetabulum, proximal femur, and knee (Figure 4).

FINAL DIAGNOSIS
Postoperative histopathology showed that the tumor was composed of mononuclear synovial-like cells and sarcoma cells with lacunar-like lacunae inside. Moreover, tumor cells showed obvious pleomorphism and heterogeneity with pathological nuclear division and collagen matrix between the cells. Immunohistochemical staining was positive for EMA, CK, CD31, CD34, CD99, Vimentin, INI-1, TLE1, and FLI-1 and negative for S-100, SOX-10, GATA-3, CK5/6, CK7, P63, SMA, Desmin, ERG, HMB45, Melan-A, CD21, CD23, and CD35, corresponding to the phenotypic profile of MGCTTS (Figure 5).

TREATMENT
The patient underwent resection of the right hip mass under general anesthesia. Intraoperatively, the tumor was found to be grayish-yellow in color and soft in texture with an incomplete local capsule and unclear border from the surrounding tissues. The tumor was rich in blood supply with dark-red bloody fluid inside.

OUTCOME AND FOLLOW-UP
Nineteen days after surgery, the patient suffered pain again in his right hip with a palpated mass measuring approximately 8 cm × 5 cm with a hard texture under the surgical scar, which was considered to be a recurrence of the tumor. Surgical resection was performed again. Fifteen days after the 2nd surgery, a follow-up CT imaging revealed a recurrence of MGCTTS in the right hip with a significantly increased size of approximately 7.7 cm × 7.6 cm × 24.3 cm (AP × LR × SI). Instead of surgical resection, the patient received chemotherapy with isocyclophosphamide (2 g per day fromd1 to d4) and epirubicin (50 mg d1 and 40 mg d2). After 2 cycles of treatment, CT re-examination revealed a decreased CT attenuation value of lesion with expanded necrosis range, and increased tumor size. In addition, the patient had multiple small solid nodulars along the pleura of both lungs with the larger lesion at approximately 0.6 cm in diameter (Figure 6A-D). The treatment was then changed to conformal intensity-modulated radiation therapy (50 Gy/25 F). After 21 sessions of radiation therapy, the patient developed a cutaneous fistula on the ventral side of the right hip with persistent bleeding. Then, CT examination revealed a further enlargement of the lesion, with the multiple, lamellar cystic hypodense lesions around with a mild enhancement of the cyst wall, suggesting the presence of infection. A lamellar hypodense infarcted area of the spleen was observed as well as increased number and sizes of small nodules in both lungs (Figure 6E-F). The patient exhibited low albumin levels with poor nutritional status. Nutritional support and oral antidote capsules (1 capsule once a day) was given then and the radiotherapy was discontinued. The patient died 4 mo later.

DISCUSSION
MGCTTS was first reported by Castens et al[5]. The site of onset is mostly in the large joints of the extremities, but it can also occur in the myofascia and fascia of the forearms, thighs, and low back[6]. MGCTTS can be divided into primary and secondary lesions, with primary lesions having the typical pattern of GCTTS at first presentation along with areas of malignant sarcoma and secondary lesions having typical GCTTS at first presentation and a malignant sarcoma component at recurrence[4,7]. This case belongs to a primary MGCTS, occurring in the large joint, which affected large angle and range of motion of the hip, susceptibility to injury and chronic strain. It growed rapidly and aggressively with severe destruction of the surrounding bone.
The histological presentation of MGCTTS is comparable to that of a typical mesenchymal sarcoma, both presenting as grayish-yellow and grayish-red soft-textured masses with infiltrative growth, indistinct borders, and large tumor size[6]. Histomorphologically, MGCTTS originates from synoviocytes or mesenchymal cells differentiated toward synoviocytes and has both benign GCTTS and malignant factors with sarcoma, which is commonly arranged in a villous, pseudoglandular, or lacunar pattern, with a background of more-or-less osteoblastic giant cells, foam cells, lymphoplasmacytic infiltrates, iron-containing heme deposits, and abundant collagenous stroma[2]. Diagnostic features include prominent nuclear schwannomas (> 20 per 10 HPF), enlarged tumor cell nuclei with distinct nucleoli, the presence of spindle-shaped mononuclear-like cells, coagulative necrosis, and mucinous changes, which is sometimes coexist with undifferentiated pleomorphic sarcoma or mucinous fibrous sarcoma[2,8]. However, aggressive growth does not indicate malignant transformation of the tumor, whereas the presence of only one feature above cannot indicate malignant transformation[7-8].
CT can clearly show the details of bone changes. In CT imaging, MGCTTS mostly appears as a large and irregular mass that grows around a joint, with poorly defined borders. It is accompanied by extensive infiltrative destruction of adjacent bone tissue and shows obvious malignant behavious[9-11]. MRI has better resolution to show soft tissues than CT so that it can accurately demonstrate the histological features of tumors and their relationship with surrounding tissues[12-13]. MGCTTS typically shows heterogeneous signals on MRI images, with a predominantly muscle-like signal, that show a T1WI low signal, a T2WI high signal, or (and) iron-containing heme deposits in T1WI and T2WI low-signal areas due to the existence of necrosis and cystic changes within the tumor[4,6,12,14]. This case presented as a huge mass located in the right side of the proximal iliac, acetabular, and femoral bones, growing long with the tendon and with indistinct borders. It showed isointense with the muscle on CT with lamellar apparent necrosis inside, as well as extensive osteolytic destruction of adjacent bone tissue without periosteal reaction. Moreover, the mass showed a low signal on MRI in T1WI, a slightly high signal in fat-saturated T2WI, and nodular low-signal features in all sequences, suggesting iron-containing heme deposits with inhomogeneous mild enhancement. CT and MRI imaging can reveal the size, shape, location, internal changes such as necrosis and bleeding, and invasion of surrounding muscles and bones[15]. Since MGCTTS has an apparently high metastatic propensity[4], a whole-body PET/CT examination can play an important role in the evaluation of distant metastases comprehensively, which can help in the staging and early detection of metastases. This type of case should be differentiated from synovial sarcoma, which is mostly seen in young people with predominant in males and appears as a soft tissue mass on CT showing speckled or patchy high-density calcification inside. Meanwhile, when synovial sarcoma invades bone tissue and produces dead bone, more calcification along with the tendency could be shown Besides, for synovial sarcoma, A mixture of intralesional cystic lesions, bleeding and fibrous septa often showed typically T2WI triple signals (high, slightly high, and iso-low signal), meanwhile, rich blood supply in the tumor could show obvious enhancement[16-18].
The complex biology and clinical characteristics of MGCTTS render it difficult to make a definitive diagnosis and a thorough treatment plan preoperatively. MGCTTS is characterized by a high rate of local recurrence and distant metastasis in lungs and lymph nodes, leading to patient death. Therefore, the tumor should be considered a highly malignant sarcoma and managed aggressively[11]. There has been no standard treatment for MGCTTS so far and radical surgical resection remains the first choice for treatment. Surgery was shown to be able to minimize local recurrence and to decrease the occurence of distant metastases[19]. In soft tissue sarcomas of the extremities, producing a careful balance between local control and functional preservation is critical. However, it is important to remember that systemic therapy for MGCTTS is currently limited[11]. Adjuvant radiation therapy is used as an alternative treatment when complete resection is impossible[1,20]. Unfortunately, there is no evidence that these treatments for MGCTTS is totally effective. Some studies concluded that CSF1 of GCTTS is at a high level[21]. In many case reports and a retrospective series of patients with locally progressed or metastatic TGCTs, imatinib against CSF1R, was proven to be effective[22-23]. The patient in this case received multimodal treatments including surgery, radiation therapy, and chemotherapy. Unfortunately, the prognosis was still poor with an overall survival for only 10 mo.

CONCLUSION
In summary, we report a patient with MGCTTS who experienced recurrence after 2 surgical resections and his treatment outcome remained poor after adjuvant radiotherapy and chemotherapy. The treatment of MGCTTS is still unsatisfied. As a result, MGCTTS remains a difficult illness without enough medical requirements. More clinical trials and better understanding of the biology and molecular aspects of this subtype of sarcoma are needed, as well as the development of new medical treatment that can efficiently target specific pathways. Moreover, CT, MRI, and PET/CT imaging are essential for the staging, management, treatment response assessment, and monitoring of MGCTTS.
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Figure Legends
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Figure 1 Pelvis radiography. Multiple cystic hypodense lesions with variable sizes and well-defined borders were shown in the right iliac bone and right upper femur, suggesting osteolytic bone destruction.
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Figure 2 Computed tomography of the pelvis reveals a soft tissue mass in the intermuscular space anterior to the right iliopsoas muscle and the right upper femur. A: The mass showed soft tissue density with lamellar hypodense necrosis inside; B: Osteolytic bone destruction of the right iliac bone was displayed clearly; C: The mass had poorly defined margins; and D: The massive tumor growed along the tendon.
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Figure 3 Magnetic resonance imaging of the hip. A: Inhomogeneous moderate hypointensity on coronal T1-weighted images; B: Mixed mild hyperintensity on coronal fat-saturated T2-weighted images; C: Inhomogeneous hyperintensity on axial D-weighted images; and D: Heterogeneous mild ring enhancement of the lesion on sagittal T1-weighted images after contrast administration.
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Figure 4 99mTc-methylene diphosphonate whole-body bone scan. Multiple high radioactive lesions were demonstrated along the right ilium, acetabulum and proximal femur, which were correlated with computed tomography and magnetic resonance imaging findings.
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[bookmark: _Hlk111532220]Figure 5 Histopathological images. A: Hematoxylin-eosin (HE) staining showed that the tumor was composed of mononuclear synovial-like cells and sarcoma cells. Lacunar-like lacunae were shown within the tumor cells and pleomorphism and heterogeneity of the tumor cells were obvious. Pathological nuclear division was seen and a collagen matrix was found between the cells (magnification ×100); B: Immunohistochemical staining revealed CD31 positivity (Envision, 100×); C: Immunohistochemical staining revealed CD34 positivity (Envision, 100×); D: Immunohistochemical staining revealed CD99 positivity (Envision, 100×); E: Immunohistochemical staining revealed Vimentin positivity (Envision, 100×); F: Immunohistochemical staining revealed INI-1 positivity (Envision, 100×); G: Immunohistochemical staining revealed TLE1 positivity (Envision, 100×); H: Immunohistochemical staining revealed CK positivity (Envision, 100×).
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Figure 6 Computed tomography monitoring after chemotherapy. A-D: 1 mo and 7 d after the initial diagnosis; A: The lesion was larger in size than before and the adjacent abdominal wall was unevenly thickened; B: There were an increased amounts of necrosis lesions; C: The lesion invaded the acetabulum; D: Small and round solid nodules were found in both lung lobes; E-F: 5 mo and 20 d after the initial diagnosis; E: Thinning of the right abdominal wall with a skin fistula was caused by the mass; F: A patchy, hypodense infarcted area in the spleen represented a metastatic lesion; G: Further enlargement of the lesion; and H: Multiple osteolytic destruction was shown in the right ilium, acetabulum, and proximal femur.
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