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Background

Follicular dendritic cell sarcoma (FDCS) is a rare type of intermediate grade tumor. Mediastinal FDCS with spinal invasion has not been well described. The treatment options include surgical resection and radiation therapy. The body gamma knife is a stereotactic body radiotherapy (SBRT) technology that is widely used in China. The pathological evaluation of a bone lesion after a body gamma knife procedure has not been reported. Here, we report a case of a patient with FDCS with thoracic spine invasion and iliac metastasis treated with surgery and body gamma knife.



Case summary

A 36-year-old male patient was hospitalized at Zhongshan Hospital, Fudan University, due to a gradually aggravated pain on the lateral side of the left scapula for 6 months. Imaging examination showed neoplastic lesions on the left side of C7-T2 invading the vertebral body of T1, T2, and caput costae of the second rib and suspected metastasis in the left ilium. FDCS was diagnosed after performing a computed tomography (CT)-guided core needle biopsy, and the thoracic lesion was surgically resected. The body gamma knife was used as an adjuvant radiotherapy for the thoracic lesion and a primary therapy for the left ilium lesion. Iliac bone lesion resection was performed at Zhongshan Hospital, Fudan University, 10 weeks after RT. Compared with the biopsy report, the body gamma knife treatment resulted in a pathological complete response (PCR). The magnetic resonance imaging (MRI) examinations showed stable disease of the thoracic lesion after body gamma knife radiosurgery.



Conclusion

This case report describes the treatment of mediastinal FDCS with thoracic spinal invasion and iliac metastasis. The promising outcome suggests that separation surgery is an effective treatment option for mediastinal FDCS with spinal column invasion. It also demonstrates the application prospects of the body gamma knife treatment in malignant lesions of the axial bones.
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Introduction

Follicular dendritic cell sarcoma (FDCS) was first described by Monda et al. in 1986 (1). FDCS most commonly presents as a slow-growing mass in the cervical and axillary lymph nodes (2, 3). Some studies reported more extranodal cases, which may be due to referral bias (4, 5). Among all the reported FDCS cases that occurred at the extranodal sites, only a few involved the mediastinum, and none of these case reports adequately described spinal column involvement and concurrent metastasis (4, 6). There is no standard treatment for FDCS. A combined modality approach consisting of surgery, radiotherapy (RT), and/or chemotherapy is most commonly used (6, 7). Jain et al. analyzed 66 cases and concluded that aggressive local treatment with surgery and adjuvant RT improved local control (5). A few studies have also reported the effectiveness of targeted therapy and immunotherapy (8, 9).

As one of the stereotactic body radiotherapy (SBRT) systems, the body gamma knife uses 30 or 18 Co60 as the radiation source to release high-dose gamma rays that focus on a target area (10). It has sharp dose gradients such that the normal tissue around the target area receives a very low dose of radiation (11). The body gamma knife has been used in the treatment of several types of solid tumors, including lung cancer, pancreatic carcinoma, and liver cancer, in China (10, 12, 13). No study has reported the application of a body gamma knife treatment in FDSC or in axial bones. After body gamma knife RT, patients generally no longer undergo surgical resection of the target area; thus, it is difficult to perform a pathological evaluation for the body gamma knife treatment. Herein, we report a case of a patient with mediastinal FDCS with thoracic spinal invasion and iliac metastasis. The thoracic lesion was successfully treated by decompression surgery and postoperative adjuvant body gamma knife RT. Iliac metastasis demonstrated a pathological complete response (PCR) after body gamma knife RT.



Case description

A 36-year-old male patient was hospitalized due to complaints of a gradually aggravated pain on the lateral side of the left scapula for 6 months. Imaging examination showed that the neoplastic lesions on the left side of C7-T2 invaded the vertebral body of T1, T2, and caput costae of the second rib (Figures 1A–C). Tumor metastasis in the left ilium was suspected (Figures 1D–F). A computed tomography (CT)-guided core needle biopsy was performed to obtain the tissue samples of the paravertebral lesion in T2 and the lesion in the left ilium. The pathological results confirmed the diagnosis of FDCS. Diffuse small spindle cells were found in the hematoxylin and eosin (H&E) staining of both paravertebral (Figures 2A, B) and iliac (Figures 2D, E) lesions. Immunohistochemical staining of the paravertebral sample was positive for cytokeratin (CK){pan} and vimentin; partially positive for cluster of differentiation 68 (CD68){KP1} and epithelial membrane antigen (EMA); slightly positive for S100 and CD34; and negative for SRY-box transcription factor 10 (Sox10), Langerin, thyroid transcription factor 1 (TTF-1), and prostatic specific acid phosphatase (PSAP) (Figure 2C). Immunohistochemical staining of the iliac sample was positive for CK{pan}, vimentin, CD68{KP1}, and epidermal growth factor receptor (EGFR); partially positive for Clusterin; slightly positive for S100, CD35, and CD20; and negative for CD21, Sox10, Langerin, and CXC chemokine ligand 13 (CXCL13) (Figure 2F).




Figure 1 | Image of the neoplastic lesions. (A–C) Neoplastic lesions found on the left side of C7-T2 invading the vertebrae body of T1, T2, and caput costae of the second rib. (D–F) A suspected metastasis was found in the left ilium.






Figure 2 | Biopsy and staining images of the tumors. (A, B) CT-guided core needle biopsy and the H&E staining images of the thoracic lesion. (C1-C6) Immunohistochemical staining of the thoracic lesion. (D, E) CT-guided core needle biopsy and the H&E staining images of the left ilium lesion. (F1-F6) Immunohistochemical staining of the left ilium lesion. B1, E1: 100×; B2, E2: 400×; (C, F): 200×.



Tumor resection and nerve root decompression were performed as treatment for thoracic disease. A midline incision was made, and the lamina and facet joints of T1–T3 were exposed. Four pedicle screws were implanted in T1 and T3 (Figures 3A1, 2). The left lamina and facet joint of T1 and T2 were resected (Figures 3A3, 4). The left second costovertebral joint and the second rib head were also resected. Transpedicular curettage was performed to ensure sufficient neural decompression of the tumor, providing a safe target volume for radiation.




Figure 3 | Postoperative radiological and pathological images. (A1, 2) Pedicle screw internal fixation was performed at the level of T1-T3. (A3, 4) Postoperative CT scan showed that the left lamina and the facet joint of T1 and T2 were resected. (B1-3) CT examination of the iliac bone showed that the lesion size was slightly larger than that before the 2-month postoperative follow-up. (C1, 2) H&E staining of iliac bone lesion. (D1-3) Thoracic MRI examination showed no significant enlargement of the lesion after 15 months of follow-up. (E1, 2) Pelvic MRI examination showed absence of recurrence of the iliac lesion after 15 months of follow-up. C1: 100×; C2: 400×.



The body gamma knife was used as a radical treatment for iliac tumor and as an adjuvant treatment for thoracic disease. Body gamma knife planning and delivery were similar to those reported in previous studies (10, 12, 13). The patient was placed in a supine position and immobilized using a vacuum negative pressure bag and a body frame bed, allowing to breathe naturally. Markings were made on the four areas of the body that will receive the radiation to ensure reproducible body position. The CT images were transferred to the OPEN body gamma knife treatment planning system. A local bone destruction lesion was found at the posterior lower edge of the left ilium (near the sacroiliac joint) with clear boundaries and soft tissue density. The treatment target area was determined in the bone window on the CT image using the body gamma knife treatment planning system (window width, 1,000 HU; window level, 300 HU). The gross target volume (GTV) was delineated according to the lesion identified in the bone window. The clinical target volume (CTV) was generated by extending the GTV by 5 mm in all directions. The planning target volume (PTV) was generated by extending the CTV by 5 mm in all directions. The 50% radiation dose covered 100% of the PTV, the 60% dose covered 100% of the CTV, and the 70% dose covered 100% of the GTV. For the iliac lesion, the prescription dose for the PTV, CTV, and GTV margins were 40, 48, and 56 Gy in 10 fractions, respectively. The highest physical dose delivered at the center of the target area was 80 Gy. The biological effective dose (BED) of the RT was calculated using a linear quadratic (LQ) model, assuming an α/β ratio of 10. The BEDs at the margins of PTV, CTV, and GTV were 56, 71.04, and 87.36 Gy, respectively, and the highest BED delivered at the center of the target area was 144 Gy. For the thoracic lesion, the prescription doses for PTV, CTV, and GTV margins were 36, 43.2, and 50.4 Gy in 12 fractions, respectively. The highest physical dose delivered at the center of the target area was 72 Gy. The BEDs delivered to the margins of the PTV, CTV, and GTV were 46.8, 58.752, and 71.568 Gy, respectively, and the highest BED delivered at the center of the target area was 115.2 Gy. Radiotherapy target planning of thoracic and iliac lesions was presented in Supplementary Figures 1, 2. The treatment process proceeded smoothly, the patient had no complaints, and no abnormal findings were found on blood tests after RT.

The patient did not receive systemic treatment or other local control treatments after the body gamma knife treatment. CT examination of the iliac bone showed that the lesion size was slightly larger than that before the 2-month postoperative follow-up (Figures 3B1–3). Thus, iliac bone lesion resection was performed 10 weeks after RT. The pathological examination of the left iliac bone tumor suggested a small amount of bone tissue, fibrous tissue hyperplasia and hemorrhage, myofibroblast reaction, lymphocyte and plasma cell infiltration, a small amount of necrosis, and tissue cell deposition, while no tumor tissue was observed (Figures 3C1, 2). Thus, the body gamma knife treatment resulted in PCR. The patient was followed up for 1 year, and the VAS score for back pain reduced from 8 at preoperatively to 1 at the last follow-up. Thoracic and pelvic magnetic resonance imaging (MRI) examinations showed no significant enlargement or recurrence of the tumors after 15 months of follow-up (Figures 3D, E). The timeline of major clinical events during treatment and follow-up is shown in Figure 4.




Figure 4 | Timeline of the occurrence of major clinical events during the treatment and follow-up.





Discussion

FDCS is a type of intermediate grade tumors originating from follicular dendritic cells in the germinal center of lymph nodes. It was first reported by Monda et al. (1) in 1986. The biological behavior of FDCS is similar to that of intermediate-grade soft-tissue sarcomas. The head, neck, and mediastinal FDCS cases have good prognosis, whereas a minority of cases develop local recurrence (12.5%–28.1%) and metastases (13.2%–27.2%) (7, 14, 15). The most common metastatic sites are the lung and liver; other metastatic sites include the adrenal gland, rib, vertebral body, and iliac bone (14). Metastasis of the iliac bone was observed in the present case. The reported age of onset is 9–79 years (average: 46 years) (14). FDCS tends to grow slowly and is usually asymptomatic (16). The lesions usually are hypermetabolic and present as avid spots on positron emission tomography (PET) images (3, 17). There is a subtype of FDCS that almost exclusively occurs in the liver and spleen. It is different from the FDCS that occurs in other parts. The World Health Organization (WHO) has recognized a distinct entity named inflammatory pseudotumor (IPT) like FDCS (18). It is speculated that IPT like FDCS is related to the Epstein–Barr virus (EBV) infection and is more common in women (19). The immunohistochemical results support the diagnosis of FDCS to a large extent. Normal FDC-associated markers, such as CD21, CD23, CD35, and CXCL13, are widely used. Multiple markers are often used owing to the frequent loss of antigens (20, 21). Clusterin is a sensitive and specific marker for FDCS (22). In addition, vimentin, EGFR, EMA, S-100, and CD68 were used to confirm the diagnosis (20). Immunohistochemical staining was not typical in the present case. CD35 was slightly positive and CD21 was negative. Morphologically, the nuclei appeared to be short fusiform to oval, some of the nuclei showed vacuolar-like changes, some showed small nucleoli, the cytoplasm was lightly stained, and the interstitium was scattered with lymphocytic infiltration. Based on the morphological and immunohistochemical findings, the diagnosis of FDCS was made.

To date, there is no standard therapeutic protocol for FDCS, and different approaches have been applied, including surgery, radiotherapy, and chemotherapy. Surgical resection is the primary treatment for FDCS, and the incidence of recurrence is relatively high (23). Although adjuvant radiotherapy or systemic therapy has not caused a significant improvement in survival (24), it can be applied in patients with advanced cases (7). Patients with extranodal disease experience poor outcomes and often require combined therapy (5). Conry and Gupta reported cases in which gemcitabine and docetaxel were used as treatment for metastatic FDCS, which showed promising outcomes (25, 26). FDCS also responded to some commonly used targeted agents and immune checkpoint inhibitors. Several FDCS case reports have shown that patients may benefit from kinase inhibitors, including pazopanib, sorafenib, and sirolimus (6, 9). The programmed cell death protein 1 (PD-1) antibody is a potential therapeutic option for patients with refractory FDCS (8, 27). Localized tumors are associated with better prognosis (6). Young age, large tumor size, high mitotic index, abdominal involvement, coagulative necrosis, and significant cellular atypia were associated with poor prognosis (7).

Considering that adjuvant radiotherapy and/or chemotherapy are often used for advanced FDCS, we introduced the concept of hybrid therapy in the treatment of this patient. Hybrid therapy consists of separation surgery and postoperative SBRT, which represents the evolution of treatment for spinal metastases (28). Separation surgery focuses on decompressing the spinal cord or nerves to achieve a safe margin for RT. This was an innovative attempt to this patient. Residual paraspinal tumors can be effectively treated with SBRT. SBRT involves the delivery of a high radiation dose within a shorter course, has obvious radiobiological advantages, lessens the risk of damage to the surrounding organs, and has less complications (29). Body gamma knife SBRT can be applied in a wide range of conditions and is widely used in China. It delivers a high radiation dose to the tumor focus and skin and generates an effect similar to that of scalpel resection, which is suitable for the treatment of patients in different positions. This highly focused SBRT technique has demonstrated satisfactory local control, reduced toxicity, and cost effectiveness in the treatment of non-small cell lung cancer (10, 30). Other initiatives have been carried out to explore the efficacy of the body gamma knife in other malignancies, such as pancreatic cancer (12). In this case, the 50% dose line was used as the prescribed dose line. The unique dose distribution and treatment pattern escalate the focused dose administered to the target area, that is, from the margin to the center, while the normal tissue outside the margin receives an extremely low dose, which is reasonable in radiobiology. Cao et al. (11) reported the dose distributions of five stereotactic body radiotherapies for pancreatic cancer. Gamma knife provided the highest mean and maximum dose to the PTV, excellent gradient index, and rapid dose fall-off. In addition, the body gamma knife is less expensive compared with other SBRT technologies, which is appealing especially in developing and underdeveloped countries (10). This patient did not receive adjuvant chemotherapy or targeted therapy. This is partly because there is no consensus on the optimal treatment recommendations for FDCS. On the other hand, adjuvant systemic therapy was not associated with improvement in the median or 5-year overall survival (OS) when compared to surgery alone (3, 6). In addition, performing the separation surgery has helped us to accumulate relatively more experience in SBRT, and thoracic and pelvic MRI showed stable disease after 15 months of follow-up. Based on the above considerations, this patient was treated with RT as adjuvant therapy for the thoracic lesion and as the primary treatment for the iliac metastasis. Values of α/β ratios in human individuals are rarely known, and there is no predictive assay for α/β for individual tumors. The use of α/β = 5, 10 and 15 Gy was recommended in most situations (31). An α/β ratio of 10 was applied in the calculation of BED in the present study.

In most cases, the effectiveness of RT is assessed though clinical evaluation, such as imaging and OS assessment, other than the gold standard histopathological examination. Biopsies may be used in a few cases to verify the treatment effect. A reliable pathological evaluation of malignant tumors of the body after gamma knife treatment has not yet been reported. In this case, mild edema was found in the target area, which was slightly enlarged on CT imaging at 2 months’ follow-up. Although this may be a reaction after RT, resection was performed as requested by the patient, and the whole tissue was obtained for evaluation. Pathological diagnoses before and after treatment were performed at the same hospital. After careful consultation with skilled experts, the consistency and authority of the diagnosis were ensured. This unique case showed that body gamma knife treatment can achieve not only CR but also PCR.

Some limitations of the body gamma knife should be recognized and improved. This procedure is insufficient in image guidance and localization for repeated patient positioning and the assessment for radiation dose assessment of the target area. The rapid development of medical imaging technique in recent years has enhanced the precision and efficiency of the body gamma knife.



Conclusion

This case report describes the treatment of mediastinal FDCS with thoracic spinal invasion and iliac metastasis. The promising outcome suggests that separation surgery is an effective treatment option for mediastinal FDCS with spinal column invasion. It also demonstrates the application prospects of the body gamma knife treatment in malignant lesions of the axial bones.
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