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Case Report

Complete resection of a giant costal chondrosarcoma with reconstruction of the thoraco-abdominal wall: a case report
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Abstract
Background
Chondrosarcoma primarily occurs in the pelvis and femur, with occasional cases in the ribs. Surgical resection remains the main treatment method for costal chondrosarcoma. However, complete resection often leads to a large range of chest wall defects and a challenging reconstruction.

Case presentation
A 49-year-old female patient presented with progressive swelling of the right chest and abdominal wall over 15 years. Chest CT revealed a 20.1 × 15.6 × 13.7 cm multilocular cystic-solid mass with internal calcification, encircling the 8th to 12th ribs and causing elevation of the right diaphragm. Compression of the liver resulting in a significant reduction in volume. Based on an ultrasound-guided biopsy, chondrosarcoma Grade I was diagnosed. After a multi-disciplinary discussion, we performed a complete resection of the tumor, including the 8th to 12th anterolateral ribs and part of the diaphragm. The diaphragm was then reconstructed by suturing it to the ribs and intercostal muscles at the resection margin. The thoraco-abdominal wall defects were reconstructed with a polypropylene mesh. Finally, we excised the excess skin and then closed the incision. Histopathologic diagnosis was chondrosarcoma Grade II. The postoperative course was uneventful. At the 3-month postoperative follow-up, no signs of recurrence were observed.

Conclusions
Wide en-bloc resection followed by reconstruction using polypropylene mesh is feasible and cost-effective for costal chondrosarcoma with limited invasion. This case illustrates the importance of meticulous preoperative planning and multi-disciplinary discussion.
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Background
Chondrosarcoma, a rare type of solid tumor, primarily occurs in the pelvis and femur, with occasional cases in flat bones like the sternum and ribs [1]. Costal chondrosarcoma accounts for merely 5 − 15% of all chondrosarcoma cases [2] and tends to reach a significant size before symptoms begin to manifest. The effects of radiotherapy and chemotherapy on chondrosarcoma are quite limited [3]; prognosis mainly depends on the tumor grade and the completeness of surgical resection. Although surgical resection remains the main treatment method, it faces some challenges. A giant costal chondrosarcoma may invade the chest and abdominal wall simultaneously, and has close connections with surrounding tissues; complete resection often leads to a large range of chest wall defects and a challenging reconstruction, especially when it involves the sternum, spine, or multiple consecutive ribs [4]. Therefore, multi-disciplinary discussion and developing a meticulous preoperative plan which includes a way of reconstruction are important. Here, we present a case study involving surgical resection and thoraco-abdominal wall reconstruction for a patient suffering from a giant costal chondrosarcoma.
Case presentation
A 49-year-old female patient presented with progressive swelling of the right chest and abdominal wall over 15 years. There was no associated fever, coughing, shortness of breath, pain, chills, or night sweats. Her body mass index was 16.82. The physical examination revealed a giant well-circumscribed mass located at the junction of the right chest and abdominal wall, between the anterior axillary line and the posterior axillary line (Fig. 1A). Upon palpation, the tumor was hard and fixed to the chest and abdominal wall. The skin was not involved, and no tenderness was observed.
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Fig. 1A: A giant mass located at the junction of the right chest and abdominal wall, between the anterior axillary line and the posterior axillary line. B: CT showed a 20.1 × 15.6 × 13.7 cm multilocular cystic-solid mass with internal calcification compressed the liver, resulting in a significant reduction in volume. C: CT Showed the relationship between the tumor and the liver and right kidney in the sagittal plane. D:Three-dimensional reconstruction visually illustrated the relationship between the tumor and its surrounding tissues


Her laboratory test results were all normal. Preoperative cardiopulmonary exercise test indicated that the patient’s cardiopulmonary function was good. Chest CT showed a 20.1 × 15.6 × 13.7 cm multilocular cystic-solid mass with internal calcification encircling the 8th to 12th ribs (Fig. 1B). The mass elevated the right diaphragm. Muscles and skin of the right abdominal wall were displaced. The liver and right kidney were compressed, resulting in a significant reduction in liver volume (Fig. 1C). Three-dimensional reconstruction showed that the mass had suspicious invasion of the liver and was merely adjacent to the right kidney (Fig. 1D). Based on an ultrasound-guided biopsy performed on this site, chondrosarcoma Grade I was diagnosed.
Due to the tumor’s adjacency to several organs and the relatively large resection area, we conducted a multi-disciplinary discussion before the surgery, involving a radiologist, oncologist, pathologist, thoracic surgeon, hepatobiliary surgeon, and urological surgeon. The focus of the discussion was on: (1) diagnosis; (2) preparations for partial resection of the liver and right kidney if invaded by the tumor; and (3) reconstruction of the chest and abdominal wall after resection. Following the multidisciplinary discussion, we concluded that the diagnosis of chondrosarcoma was established. The surgery required collaboration between hepatobiliary and thoracic surgeons, with the primary focus of tumor resection on achieving sufficient margins. Reconstruction aimed to be as simple and effective as possible while restoring the integrity and function of thoracic wall and abdominal wall.
Using standard anesthesia and bilateral lung ventilation, a 25 cm fusiform incision was made on the surface of the tumor (Fig. 2A), and the superior and inferior skin flaps were freed to a sufficient distance to fully expose the tumor on the chest. The 8th to 12th anterolateral ribs and intercostal muscles were resected to expose the tumor in the thoracic and abdominal cavities, maintaining a margin of more than 2 cm around the tumor [5]. We found the tumor invaded the diaphragm, compressed the liver and the right kidney, and had partial adhesion to the mesentery. Therefore, we dissected the adhesion, resected part of the diaphragm, and removed a portion of the skin, including the skin at the biopsy site, along with the tumor entirely. (Fig. 2B). And then, the diaphragm was reconstructed by suturing it to the ribs and intercostal muscles at the resection margin, the thoraco-abdominal wall defects were reconstructed with a 15 cm × 15 cm single layer polypropylene mesh which had good biocompatibility and high strength (Fig. 2C). Drainage tubes were placed in both the abdominal cavity and subcutaneous cavity. Finally, we made an inverted triangular incision on the inferior skin flap, excising the excess skin and closing the incision (Fig. 2D). The surgical area was compressed and bandaged to ensure that the skin and mesh remain firmly attached. The abdominal and subcutaneous drainage tubes were removed on the fifth day after surgery. Postoperative histopathology confirmed chondrosarcoma Grade II with negative margins (Fig. 3A). The postoperative course was uneventful, and the patient was discharged on postoperative day 10. At the 3-month postoperative follow-up, no signs of recurrence were observed (Fig. 3B and C).
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Fig. 2A: A 25 cm fusiform incision was made on the surface of the tumor. B: Display of the completely excised tumor. C: Costal chondrosarcoma was removed and thoraco-abdominal wall defects were reconstructed with a polypropylene mesh. D: The excess skin was excised, and the incision was closed. Drainage tubes were placed in both the abdominal cavity and subcutaneous cavity
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Fig. 3A: A few mitotic figures were visible, with extensive myxoid degeneration in the cartilaginous matrix, suggesting a chondrosarcoma Grade II (HE × 200). B: The chest CT image from the follow-up three months after surgery. C: The abdominal CT image from the follow-up three months after surgery




Discussion
Chondrosarcoma is a relatively rare malignant bone tumor with an incidence of approximately 1–2 cases per million people per year in the general population. It originates from cartilage or chondrogenic connective tissue, and is characterized by their production of chondroid (cartilage-like) matrix [6, 7]. The World Health Organization categorizes chondrosarcoma into Grades I to III, depending on their histological characteristics, making it valuable not only as a prognostic indicator but also as a guideline for their management [8]. Chondrosarcoma exhibits low responsiveness to chemoradiotherapy, therefore, R0 resection with a guaranteed negative margin is the preferred treatment.
Costal chondrosarcoma is extremely rare and is mostly reported as individual cases. Only around 40 case reports were found by searching the PubMed and the vast majority of tumors reported were confined to the chest. Dantis et al. [9] reported a similar case with simultaneous involvement of the chest and abdominal wall and emphasized the unique advantages of 3D-composite mesh in reconstructing large-area defects of the chest and abdominal wall. However the clinical challenge was to prevent recurrence and to find better treatment options. Multi-disciplinary discussion, essential for personalized care, ensures a thorough approach to complex cases by facilitating detailed tumor evaluation, critical structure identification, tailored surgical planning, and improves decision-making, outcomes, and surgical safety.
In our case, preoperative multi-disciplinary discussion revolved around diagnosis and detailed surgical planning was conducted. The pathological diagnosis of the tumor was crucial for formulating the surgical plan. Chondrosarcoma was both invasive and metastatic, with its invasiveness and metastatic potential increasing with higher grades. Therefore, surgery must achieve adequate margins and be prepared to excise any invaded tissues. As detailed in the case presentation, an ultrasound-guided biopsy revealed a diagnosis of chondrosarcoma Grade I. Pathologists generally believed that it was impossible to accurately distinguish between benign enchondroma and well-differentiated chondrosarcoma based solely on pathological morphology, whether through needle biopsy or surgical biopsy, because the two shared significant morphological similarities [10]. The differentiation between benign and malignant tumors largely depended on the tumor location, patient age, clinical symptoms, and imaging characteristics. Chondrogenic tumors occurring in long bones, flat bones, vertebrae, and craniofacial bones should be highly suspected of being chondrosarcoma, even in the absence of atypical chondrocytes, if they exhibit the following characteristics: (1) enlargement of the tumor after age 40; (2) pain at rest; (3) a maximum diameter exceeding 5 cm; (4) imaging evidence of bone cortex changes; and (5) MRI detection of periosteal or peritumoral edema [11]. After multi-disciplinary discussions, we unanimously concluded that the diagnosis of costal chondrosarcoma was established, and we speculated that the right kidney might simply be compressed by the tumor. The relationship between the liver and tumor was difficult to judge solely based on imaging data, therefore, collaborative surgery with hepatobiliary surgeons was a necessary condition to ensure complete tumor resection and the integrity of thoraco-abdominal wall reconstruction.
The main purpose of reconstruction is to restore the integrity and stability of the chest wall, to avoid chest wall softening and abnormal breathing, and to ensure the stability of respiratory circulation. Several techniques are commonly employed, each suited to different types of defects. Autologous tissue transplantation is one method used by surgeons to repair defects by utilizing the patient’s own tissues [12, 13]. This method provides a good blood supply to the graft, which reduces the risk of rejection and promotes healing. However, it can increase the risk of damage to the patient during the tissue harvesting process. In cases that require structural support, synthetic materials like titanium mesh or plates are frequently used [14]. These materials offer strong, durable support and possess good biocompatibility, thereby minimizing the risks of infection and displacement. Furthermore, advancements in 3D printing technology [15] have facilitated the creation of customized implants tailored to the patient’s anatomical structure. For more complex defects, a combination of autologous tissue and synthetic materials may be utilized [16]. This composite reconstruction approach balances the need for soft tissue coverage with the requirement for rigid structural support, making it particularly suitable for large or functionally significant defects. The choice of reconstruction technique depends on various factors, including the size and location of the defect, and the functional and aesthetic goals of the surgery. Literature emphasizes the importance of selecting the appropriate reconstruction method to achieve optimal outcomes [14].
In the present case, the 8th to 12th anterolateral ribs were removed, however, we believed that this patient was not suitable for reconstruction using any form of rigid structural support. Firstly, the 8th to 12th ribs were false ribs, the removed ribs had little impact on respiratory movement. Secondly, most of the defects were located on the abdominal wall. Finally, it was challenging to form a stable connection between the ribs, the support structure, and the diaphragm. Repeating friction might cause patient discomfort, displacement or dislodgement, and even damage to surrounding organs. So we sutured the diaphragm to the ribs and intercostal muscles at the resection margin, using a polypropylene mesh to reconstruct the defects. Although this may lead to a little reduction in the chest cavity volume and make the reconstructed area essentially become part of the abdominal wall, it nonetheless guarantees the stability of the chest wall and minimizes the likelihood of complications stemming from complex reconstruction. Moreover, the combination of the mesh and a relatively thick flap fully meets the reconstruction requirements of the“abdominal wall”. If resource constraints and cost-effectiveness are not considered, replacing polypropylene mesh with advanced ones would result in a more perfect reconstruction outcome.
The patient’s postoperative course was uneventful, and was discharged without any complications. Histopathological analysis confirmed the complete removal of the tumor with negative margins. We did not recommend any further treatment for this patient because, on the one hand, the tumor was of low malignancy grade, and on the other hand, we achieved complete R0 resection. According to guidelines [17] and literatures [7, 18–20], treatments such as radiotherapy, chemotherapy, checkpoint inhibitors, and targeted drugs are primarily used when tumors are inoperable, metastatic, or recurrent. However, there is still insufficient data to support their routine use as adjuvant therapy following surgery in cases of chondrosarcoma Grade I-II. However, we require the patient to undergo a chest X-ray or CT scan every six months for the first five years, and then annually thereafter.

Conclusions
Wide en-bloc resection followed by reconstruction using polypropylene mesh is feasible and cost-effective for costal chondrosarcoma with limited invasion. The successful management of giant costal chondrosarcomas hinges on multi-disciplinary discussion, meticulous preoperative planning, and suitable surgical and reconstructive techniques. This case contributes valuable insights into the complex interplay of these factors, reinforcing the need for tailored strategies to optimize patient outcomes in similar scenarios.
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