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Editorial on the Research Topic
 Case reports in PET imaging 2023




In recent years, the increasing need for early diagnosis, precise disease staging/restaging and patient-tailored treatment has highlighted the benefits of using advanced hybrid Nuclear Medicine imaging, such as Positron Emission Tomography-Computed Tomography (PET-CT) in clinical practice. Its ability to simultaneously collect functional and anatomical information and to detect pathology without concurrent morphological alterations allows it to guide the clinical management of patients and is of increasing interest in clinical research. This Research Topic includes 14 case reports that highlight the role of PET-CT in patients with uncommon pathological conditions as a valuable tool for differential diagnosis, staging/restaging, guiding therapeutic strategy, or introducing possible developments in acquisition techniques that may be suitable for the critically ill patient.

The incidence of renal tumors has been increasing worldwide in recent years, with an estimated 400,000 new cases annually (1): the most common histotypes are renal clear cell carcinoma (RCC) and urothelial carcinoma. In this Research Topic, an uncommon case of Xp11.2 translocation/TFE3 gene fusion-associated RCC is presented in which 18F-FDG PET-CT was used to detect multiple retroperitoneal lymph nodes and was used to exclude disease recurrence and metastasis in long-term post-surgery follow-up (Huang, Peng et al.). 18F-FDG PET-CT may exhibit high uptake in other rare malignant kidney diseases, such as myxoid liposarcoma, a soft-tissue sarcoma associated with the chromosomal translocation t(12:16) (q13:p11) (2, 3), which rarely arises predominantly in the kidney: in one case report, 18F-FDG PET-CT was used to stage primary renal myxoid liposarcoma, demonstrating disease extension beyond the kidney with pancreatic body involvement, and excluding distant metastases (Huang, Chao et al.).

Uncommon malignancies may pose a significant challenge due to unpredictable behavior and unusual metastatic spread, which in most cases is more extensive than seen on morphological imaging. It is well known that the extent and activity of metastatic involvement as shown by 18F-FDG PET-CT has an impact on treatment response, recurrence risk and, ultimately, patient prognosis (4–9). This is relevant for therapeutic schemes that include immune system-regulating drugs such as pembrolizumab or nivolumab. In this Research Topic, an exceptionally uncommon case of non-gestational choriocarcinoma is presented, in which 18F-FDG PET-CT confirmed metastatic spread to lungs, brain, bone, and retroperitoneal lymph nodes, with markedly increased uptake; the patient was treated with pembrolizumab, although with serious adverse effects and an inadequate response, leading to a rapid increase in the size of the lung and brain lesions, and ultimately to the patient's death only 5 months after diagnosis (Huang, Zheng, Bao et al.). In another paper, 18F-FDG PET-CT performed for restaging in an operated post-pubertal testicular teratoma revealed increased uptake at the edges of an irregular mass below the left renal hilum. The lesion exhibited low uptake in the center due to necrosis (a marker of aggressiveness), but no other disease sites were found. The patient was then re-operated, and despite initial PET-CT evidence of multi-site abdominal-pelvic progression after surgery, he showed a complete metabolic response on a subsequent PET-CT scan (Jiao et al.).

Attention should be paid to patients undergoing therapy with immune checkpoint inhibitors since pseudo-progression (increase in uptake/size by known lesions or appearance of new lesions and subsequent response) may complicate the evaluation of treatment efficacy. A case of unresectable liver recurrence of uveal melanoma treated with pembrolizumab, and long-term follow-up 18F-FDG PET-CT is published in this Research Topic. The patient ultimately showed a dramatic response to pembrolizumab after 28 months of therapy, despite three episodes of pseudo-progression which appeared on 18F-FDG PET-CT as increased uptake in the known liver lesion and the appearance of other liver lesions (Amrane et al.). This points to the need for new response criteria, such as iPERCIST and imPERCIST, which reduce the risk of overdiagnosis (10, 11).

PET-CT plays a role in the staging of rare malignancies by detecting distant diseases. In this Research Topic, a case of primary intracardiac diffuse large B-cell lymphoma is presented: the patient exhibited multiple nodular soft tissue density lesions in the heart and pericardium with increased 18F-FDG uptake, and multiple lymph nodes with a variable increase in 18F-FDG uptake in the mediastinum, left axilla and near the left kidney (Huang Z. et al.). Moreover, the distribution of an uncommon malignancy may mimic another more frequently observed condition, as illustrated by the case of a 57-year-old woman complaining of dizziness and headaches, with multiple sites of bone destruction in the skull, spine and pelvis on MRI, and multiple 18F-FDG-avid foci throughout the skeleton (including the sternum, bilateral clavicles, scapulae and ribs). This distribution, in the absence of a primary tumor, was consistent with multiple myeloma; however, histology of the most active skull lesion revealed a multicentric primary angiosarcoma of the bone, an exceptionally unusual occurrence (Huang, Xiao et al.). Moreover, an uncommon benign condition may be the first clinical manifestation of a common malignant disease, as in the case of a woman with retroperitoneal fibrosis and renal insufficiency, associated with a histologic finding of breast cancer metastasis in the right kidney: as morphological imaging failed to detect the primary lesion, 18F-FDG PET-CT was performed which revealed bilateral breast cancer (histologically confirmed as lobular carcinoma) with bone, lymph node and kidney metastases, thus underlying the advantages of functional imaging (Song et al.). The whole-body performance of PET-CT can also be highlighted in some benign conditions: in particular, in this Research Topic a case of sporadic schwannomatosis is reported, in which PET-CT revealed an uncommon involvement of the lumbar spinal canal, not seen on MRI, and a correlation between 18F-FDG uptake and histological characteristics (Li et al.).

Transplantation is a well-recognized treatment for many severe diseases and the only chance for survival when irreversible damage to vital functions occurs; however, immunosuppression is required to avoid rejection, which can lead to a wide spectrum of complications, either infectious, tumoral or non-neoplastic lymphoproliferative ones. In this context, two papers in this Research Topic address the role of 18F-FDG PET-CT in detecting and monitoring two rare post-transplant complications. Specifically, in a patient with blastic plasmacytoid dendritic cell neoplasm (BPDCN) involving the left cheek, lymph nodes and bone marrow, PET-CT performed after allogeneic hematopoietic stem cell transplantation and immunosuppressive therapy revealed multiple 18F-FDG-avid lymph nodes in the chest and abdomen, not seen on a pre-treatment scan, and the disappearance of known BPDCN lesions. A biopsy of the most 18F-FDG-avid mesenteric lesion revealed a post-transplant lymphoproliferative disorder. This demonstrated the potential of 18F-FDG PET-CT in detecting and monitoring such severe and exceptionally rare conditions, and in suggesting a lesion for biopsy (Chen et al.). The other case highlights the role of 18F-FDG PET-CT in detecting three complications that occurred sequentially in the same patient after renal transplantation: the first was a multifocal diffuse large B-cell lymphoma in the liver (without other disease sites on PET-CT); then, during chemotherapy for the lymphoma, an 18F-FDG-active bronchial thickening was revealed to be aspergillosis; finally, after successful antifungal treatment 18F-FDG PET-CT revealed a necrotizing granulomatous inflammation in the right vastus lateralis. Such complications would not have been detected without functional imaging (Huang, Zheng, Zhang et al.).

The liver is a typical site of metastasis, especially for gastrointestinal malignancies, whereas primary hepatic malignancies are less common and are mostly represented by hepatocellular carcinoma (HCC), accounting for more than 800,000 deaths annually (12). However, much more unusual pathological entities can occur in the liver, as reported in two articles in which PET-CT was useful for lesion characterization and staging. In particular, 18F-FDG PET-CT excluded distant disease in a patient with an incidentally found liver lesion suspected of being HCC; however, immunohistochemistry revealed that the lesion was a peri-vascular epithelioid tumor, a mesenchymal malignancy that only rarely involves the liver primarily (Yang et al.). Somatostatin receptor ligands are routinely used in PET-CT evaluation of patients with neuroendocrine tumors (NETs), with better performance than 18F-FDG due to more specific uptake and a higher lesion-to-background ratio; the liver is usually involved by metastases, while primary hepatic NETs are extremely rare (only 0.8% of all NETs) (13). In the case of a woman with an incidentally found liver mass, suspected of metastatic malignant tumor, 18F-FDG PET-CT showed uptake in two liver lesions and multiple lymph nodes in the hepatogastric ligament, therefore raising the suspicion of HCC. However, since A-fetoprotein was normal, [18F]Al-F-octreotide PET-CT, an emerging approach for somatostatin receptor functional imaging, was performed and showed even higher uptake than 18F-FDG in liver lesions and lymph nodes, which were subsequently confirmed as a primary hepatic NET with lymph node metastases (Zhang et al.).

Finally, recent advances in PET-CT technology, such as long-axial field-of-view (LAFOV) which result in a dramatic reduction in acquisition time and injected activity (14), may make PET-CT suitable for intensive care unit patients, as demonstrated in the case of Hemophilus influenza sepsis and pericarditis in which LAFOV allowed a 12-min whole-body scan revealing FDG uptake in the pericardial layers, pleura and right knee synovitis (van Snick et al.).
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Background: Myxoid liposarcoma (MLS) is a rare malignant soft tissue sarcoma that predominantly manifests in the deep soft tissues of the extremities, particularly within the musculature of the thigh. Unlike other types of liposarcoma, MLS demonstrates a propensity for metastasis to atypical sites, including the lung parenchyma, soft tissues, retroperitoneum, mediastinum, breast, liver, thymus, lymph nodes, and bones. The definitive diagnosis primarily relies on histology with HE staining. Imaging modalities such as ultrasound, CT, MRI, and 18F-FDG PET/CT scans serve as valuable tools for tumor identification.

Case report: A 57-year-old man presented with symptoms of abdominal distention and vomiting 1 month ago. Contrast-enhancement CT revealed a heterogeneous hypodense mass in the upper-middle part of the left kidney, displaying irregular morphology and protrusion towards the exterior of the kidney, with abundant blood supply and had a maximum dimension of approximately 10.7 cm × 9.0 cm. Additionally, a rounded soft tissue density was identified in the pancreatic body. Multiplanar reconstruction demonstrated a connection between the pancreatic lesion and the kidney mass. 18F-FDG PET/CT was conducted for staging, revealing significant growth of the lesion in the upper-middle part of the left kidney, extending beyond the kidney and infiltrating the pancreatic body. The lesion demonstrated remarkably high 18F-FDG uptake (SUVmax = 10.2, MTV = 136.13 cm3, TLG = 484.62). The postoperative pathological examination confirmed the diagnosis of MLS. On the 10th day post-surgery, the patient presented with tumor recurrence and underwent another surgical resection. Unfortunately, during the operation, the patient experienced a sudden cardiac arrest and died.

Conclusion: Renal MLS with invasion into the pancreas is very rare in clinical practice. Due to the limited research on the utilization of 18F-FDG PET/CT in this particular context, given the rarity and low incidence of MLS, its role remains largely unexplored. As PET/CT imaging becomes increasingly prevalent, thorough imaging of disease sites becomes indispensable for the development of treatment protocols and the monitoring of treatment response.

KEYWORDS
 myxoid liposarcoma, kidney, pancreas, recurrence, computed tomography, 18F-FDG


Introduction

Malignant tumors of adipocytic origin encompass well-differentiated liposarcoma, myxoid liposarcoma (MLS), dedifferentiated liposarcoma, pleomorphic liposarcoma, and myxoid pleomorphic liposarcoma (1). MLS is a rare malignant soft tissue sarcoma (STS) that accounts for approximately 30% of all liposarcomas and 10% of all STS (2, 3). The incidence of MLS reaches its peak during the fourth and fifth decades of life, affecting both genders equally (4). MLS predominantly manifests in the deep soft tissues of the extremities, particularly within the musculature of the thigh, and exhibits slow growth (5, 6). MLS is a sarcoma associated with a chromosomal translocation t(12:16) (q13:p11), leading to the formation of the FUS-CHOP oncoprotein. This oncoprotein interacts with DNA promoters, causing dysregulation of downstream protein expression (7, 8). Unlike other types of liposarcoma, MLS exhibits a propensity for metastasis to atypical sites, encompassing the lung parenchyma, soft tissues (abdominal or chest wall), retroperitoneum, mediastinum, epidural space, breast, liver, thymus, pancreas, lymph nodes, and bones (9–14). Choosing the appropriate imaging modality is crucial for the accurate diagnosis and effective management of patients with STS (15). Positron emission tomography (PET) is a functional imaging technique that enables the assessment of tumor or physiologic tissue metabolism in vivo using positron-emitting radionuclides. Specifically, the uptake of fluorine-18 deoxyglucose (18F-FDG) is utilized to identify the heightened metabolic activity of tumorous cells through glucose metabolism (16). 18F-FDG PET/CT plays a significant role in the staging, restaging, detection of local recurrence and metastatic disease, as well as the prediction of prognosis and assessment of therapeutic response in STS (17, 18).

Here, we present a unique case of MLS of the left kidney invading the pancreas, exhibited a dismal clinical course and prognosis. In addition, we summarized the 18F-FDG PET/CT findings of MLS from the literature in Table 1 (19–29).



TABLE 1 Previous cases of myxoid liposarcoma with 18F-FDG PET/CT.
[image: Table1]



Case presentation

A 57-year-old man presented with symptoms of abdominal distention and vomiting 1 month ago and has lost 15 kg since the onset of his illness. Physical examination revealed no abnormalities. Laboratory tests showed elevated levels of D-dimer (0.42 mg/L), fibrinogen (4.95 g/L), and C-reactive protein (141.50 mg/L), while tumor markers were within the normal range. The patient had a history of hypertension for 10 years and paroxysmal supraventricular tachycardia for 1 year.

The patient underwent an abdominal ultrasound examination, which revealed a heterogeneous hypoechoic mass in the upper middle part of the left kidney, measuring approximately 7.8 cm × 7.0 cm with unclear boundaries. Color Doppler flow imaging demonstrated grade II blood flow signal within the mass (Figures 1A,B). Additionally, a cystic solid mass measuring approximately 4.8 cm × 4.4 cm was detected in the posterior part of the pancreas, located immediately adjacent to the superior pole of the left kidney (Figures 1C,D). CT examination revealed a heterogeneous hypodense mass in the upper middle part of the left kidney, exhibiting irregular morphology and protrusion towards the exterior of the kidney, along with blurring of the perirenal fat gap. The lesion measured approximately 7.0 cm × 9.0 cm × 10.7 cm, showing significant enhancement (Figure 1E). The mass displayed rich blood supply, with visible branches of the left renal artery entering the mass (Figure 1F). Additionally, a rounded soft tissue density was identified in the pancreatic body. Multiplanar reconstruction revealed a connection between the pancreatic lesion and the mass in the left kidney (Figures 1G,H). 18F-FDG PET/CT was conducted for lesion staging, demonstrating a prominent growth of a lesion in the upper middle part of the left kidney, extending beyond the kidney and infiltrating the pancreatic body. The lesion exhibited significantly high FDG uptake (SUVmax = 10.2, MTV = 136.13 cm3, TLG = 484.62) and had a maximum dimension of approximately 6.8 cm × 8.9 cm (Figure 2).

[image: Figure 1]

FIGURE 1
 Ultrasound and contrast-enhanced computed tomography (CT) images of myxoid liposarcoma (MLS) of the left kidney invading the pancreas. (A,B) A heterogeneous hypoechoic mass measuring approximately 7.8 cm × 7.0 cm was observed in the upper middle part of the left kidney with indistinct borders. Color Doppler flow imaging (CDFI) revealed the presence of grade II flow signal within the mass. (C,D) Additionally, a cystic solid mass measuring approximately 4.8 cm × 4.4 cm was identified in the posterior part of the pancreas, immediately adjacent to the superior pole of the left kidney. CDFI indicated the presence of grade I blood flow signal within the mass. (E) The arterial phase transverse CT image depicted a protruding mass in the upper middle part of the left kidney, exhibiting extrarenal growth (long arrows), blurring of the perirenal fat gap, and significant enhancement (76 HU). (F) A volume rending (VR) image demonstrated abundant blood supply to the mass, with multiple branches of the left renal artery entering the lesion. (G,H) Coronal and sagittal images obtained from the venous phase displayed invasion of the pancreas by the left kidney mass (98 HU).
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FIGURE 2
 18F-FDG PET/CT images of myxoid liposarcoma of the left kidney invading the pancreas. (A) The anteroposterior 3-dimensional maximum intensity projection image (MIP) revealed increased metabolic activity in the left kidney (long arrows) and the pancreatic body region (dashed arrows). (B) Transverse images exhibited irregular morphology of the left kidney, accompanied by significantly high FDG uptake (SUVmax = 9.3). (C) Transverse images showed a pancreatic body lesion with significantly high FDG uptake (SUVmax = 10.2). (D,E) Coronal and sagittal images demonstrated an extra-renal protrusion of the left renal lesion and invasion of the pancreas.


The patient underwent a percutaneous pathology biopsy of the lesion, which resulted in a diagnosis of liposarcoma. Subsequently, the patient underwent surgical resection, revealing a left renal mass with dimensions of approximately 8.0 cm × 7.0 cm × 5.0 cm. The mass exhibited a grayish-yellowish-grayish-red color and a soft texture. Additionally, an exophytic growth of the tumor was observed, invading the pancreatic body, with a pancreatic lesion measuring approximately 6.5 cm × 5.5 cm × 3.0 cm. Hematoxylin and eosin staining of the lesion demonstrated a diffuse distribution of tumor cells, with round cell areas accounting for approximately 10% of the tumor cells. Notably, frequent nuclear atypia and a mucus-like stroma were observed, along with a significant presence of proliferating small vessels and abundant cytoplasm (Figure 3A). Immunohistochemical results exhibited that the MDM2, CD34, Vimentin, S-100, and STAT-6 were positive in tumor cells (Figures 3B–F). The postoperative pathological examination confirmed the diagnosis of myxoid liposarcoma (MLS).
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FIGURE 3
 Histopathological and immunohistochemical images. (A) Hematoxylin–eosin (HE) staining (magnification ×100) showed a diffuse distribution of tumor cells and a mucus-like stroma, along with a significant presence of proliferating small vessels and abundant cytoplasm. Immunohistochemistry showed that the short spindle cells were positive for MDM2 (B), CD34 (C), Vimentin (D), S-100 (E) and STAT-6 (F) was observed to be positive of the tumor cells (magnification ×40 and ×200).


On the 10th day after surgery, the patient presented with symptoms of abdominal distension and vomiting. Physical examination revealed a palpable solid mass in the left upper abdomen, measuring approximately 20 cm × 15 cm, with limited mobility and tenderness upon pressure. Subsequent CT examination confirmed tumor recurrence (Figure 4). Despite the lack of the intended chemotherapy regimen, the patient underwent another surgical resection, revealing a retroperitoneal mass measuring approximately 20 cm × 15 cm. The mass invaded the pancreas, transverse colonic mesentery, duodenum, and spleen. Unfortunately, at the conclusion of the operation, the patient experienced a sudden cardiac arrest and could not be revived despite aggressive resuscitation efforts. The cardiac arrest was considered to be associated with the patient’s previous history of cardiac disease.
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FIGURE 4
 Postoperative contrast-enhanced CT images showed recurrence of MLS. Coronal (A) and sagittal (B) images obtained from the venous phase showed moderate inhomogeneous enhancement of the recurrent tumor in the abdominal cavity with compression and displacement of adjacent organs.




Discussion

The kidney is an uncommon site for MLS. In our case, MLS originated from the fatty component of the left renal sinus, and its infiltrative growth invaded the pancreas, which is exceptionally rare. The patient presented with symptoms of abdominal distention and vomiting, attributed to the rapid tumor growth exerting pressure on the stomach.

Chromosomal translocations represent the most prevalent molecular abnormalities identified in sarcomas (30). MLS is distinguished by the t(12:16) (q13:p11) chromosomal translocation, which occurs in 95% of patients and gives rise to the FUS-CHOP oncoprotein (10). In a minority of cases, the EWSR1 gene on chromosome 22 may be implicated, resulting in the EWSR1-DDIT3 fusion. The diagnosis of MLS relies on histopathological features, which include a nodular growth pattern characterized by a combination of uniform non-lipogenic cells and small lipoblasts exhibiting a signet-ring appearance. These cells are found within a prominent myxoid stroma that is characterized by an abundance of hyaluronic acid and distinctive plexiform vasculature (31). Occasionally, metaplastic cartilaginous and osseous elements may be observed. High-grade MLS is defined as tumors in which the round cell component constitutes over 5% of the total tumor (3). While immunohistochemistry is not essential for the differential diagnosis, molecular investigations should be performed to explore specific mutations. In this case, both MDM2 and CD34 were positive, and the definitive diagnosis was primarily based on HE-stained histology.

The diagnosis of MLS poses an enduring challenge (26). Imaging modalities, including ultrasound, CT, MRI, and PET scans, serve as invaluable tools for tumor identification (32). However, there is currently no established standard regarding the timing and type of imaging surveillance in MLS (9). MLS is distinguished by its distinct pattern of metastatic spread, underscoring the importance of detecting metastatic disease to determine prognosis and guide management decisions (5). In our case, the CT features of MLS included an extra-renal distending, infiltrative growth invading the pancreas with cystic necrosis. Multiple renal artery branches were observed entering the mass, consistent with the pathology of a mucus-like interstitial stroma rich in vascular structures, thereby demonstrating noticeable enhancement. While the presence of fat content is a characteristic feature of MLS, histologically, the mucus component predominates and the fat content is minimal. Consequently, the fat component was not distinctly evident on CT in this particular case. Several studies have documented the substantial clinical efficacy of 18F-FDG PET/CT in the initial diagnosis, staging, biopsy site selection, restaging, and prediction of prognosis and response to therapy in the management of soft tissue sarcomas (33–37). We have summarized the previously reported manifestations of MLS using 18F-FDG PET/CT in Table 1 (19–29), which revealed low 18F-FDG activity ranging from (0.79 to 5.5, median, 2.535). The utility of FDG PET/CT in tumor follow-up has been questioned in some reports (16, 18). However, our case demonstrates a notable 18F-FDG uptake associated with a high-grade pathology (with at least a 10% round cell component), showing increased 18F-FDG uptake by round cells. A unique advantage of 18F-FDG PET/CT was its ability to confirm that the tumor in our case originated from the renal sinus, with direct invasion of the pancreas, thereby excluding the diagnosis of metastatic MLS.

Renal MLS should be differentiated from clear cell renal cell carcinoma (RCC) and renal leiomyosarcoma (RLMS). Clear cell RCC represents approximately 75%–80% of all cases of renal cell carcinoma and originates from the epithelium of the proximal tubule. Typically, clear cell RCC manifests as a heterogeneous mass in the renal cortex, characterized by rapid enhancement followed by contrast wash-out (38, 39). On MRI, T1WI demonstrates iso-or hypo-signal intensity, while T2WI shows inhomogeneous high signal (40, 41). Additionally, there is high 18F-FDG uptake on PET/CT (42). RLMS is an aggressive mesenchymal tumor that typically originates from the smooth muscle cells of the intrarenal blood vessels or the renal pelvis (43). CT scans reveal isointensity or slight hyperintensity, along with delayed or persistent enhancement. Tumors frequently exhibit external extension, easily encircling and infiltrating the inferior vena cava, while also showing a tendency to form tumor emboli and develop distant lymph node metastasis. MRI can provide additional insight into the tumor composition, elucidating hemorrhage and necrosis at different stages. On T1WI, the tumor shows iso-signal intensity, while on T2WI, there is distinct hypointensity (44). Furthermore, 18F-FDG PET/CT demonstrates increased uptake (45). Therefore, from an imaging perspective, our case is not easily distinguishable from clear cell RCC and RLMS, necessitating a reliance on pathological diagnosis.

The utility of 18F-FDG PET in evaluating liposarcomas has been well-established. According to a meta-analysis conducted by Ioannidis and Lau (46), which included 15 studies comprising 441 soft-tissue tumors, PET/CT demonstrated positive results in all intermediate-and high-grade liposarcomas (95% confidence interval 97.3–100). Brenner et al. (47) discovered that SUVmax has the potential to be clinically useful for risk stratification and patient management in liposarcoma. In their study, the SUVmax for MLS was determined to be 3.5 ± 1.5, and a tumor SUVmax exceeding the group mean value of 3.6 was significantly associated with reduced disease-free survival and served as an indicator for identifying patients at a high risk of developing early local recurrences or metastases. 18F-FDG PET/CT plays a significant role in determining treatment and follow-up strategies in MLS by detecting early metastatic disease and highlighting primary and metastatic soft tissue sites (19, 48). Ozguven et al. (29) performed 18F-FDG PET/CT for restaging a patient with MLS, revealing multiple metastases in the mesenteric region. This finding led to a change in the therapeutic management, with the addition of systemic chemotherapy to the wide surgical excision of the gluteal mass. Yokouchi et al. (49) reported the detection of a solitary metastatic breast tumor arising from MLS of the lower limbs using 18F-FDG PET/CT. Liu et al. (24) utilized 18F-FDG PET/CT for a comprehensive evaluation of primary hepatic MLS, confirming its origin and ruling out a metastatic diagnosis. Additionally, 18F-FDG PET/CT may serve as a valuable non-invasive modality for malignant grading and differentiating between subtypes of liposarcoma. Suzuki et al. (21) demonstrated that the mean 18F-FDG SUVs of MLS and other types of liposarcoma were significantly higher than those of well-differentiated liposarcoma by two-and three-fold, respectively. These accumulation rates were remarkably well related to their biological malignant grades.

Several prognostic factors have been identified in MLS, including age over 45 years, tumor size exceeding 10 cm, round cell differentiation exceeding 5%, and the presence of tumor necrosis, all of which are associated with a poor prognosis (50). Surgical resection remains the primary treatment option for MLS (51–53), with the resection margin playing a crucial role in patient survival (54). Inadequate excision is considered the primary cause of local recurrence. Both radiotherapy and chemotherapy are employed in the management of MLS (55, 56). Radiotherapy is administered both pre-and post-operatively for early-stage disease and for palliative purposes in cases of metastatic disease. Chemotherapy is primarily utilized for palliation in cases of metastatic disease. A phase II clinical trial investigating neoadjuvant trabectedin in patients with advanced localized MLS demonstrated significant efficacy and minimal toxicity, using a dosage of 1.5 mg/m2 trabectedin every 3 weeks (57). Unfortunately, our patient experienced early recurrence, had not yet undergone chemotherapy, and succumbed to the disease following re-surgical resection.



Conclusion

In conclusion, we present an exceptionally rare case of MLS involving the left kidney with invasion into the pancreas. Due to the limited research on the utilization of 18F-FDG PET/CT in this particular context, given the rarity and low incidence of MLS, its role remains largely unexplored. However, as PET/CT imaging becomes increasingly prevalent, a comprehensive assessment of disease sites becomes indispensable for the development of treatment protocols and the monitoring of treatment response. This capability also enables the exploration of various interventions in terms of their type and timing, with the potential to enhance patient outcomes and mitigate morbidity and mortality.
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Background: Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is an extremely rare hematopoietic malignancy, which originating from precursors of plasmacytoid dendritic cells. Allogeneic hematopoietic stem cell transplantation (HSCT) is normally considered in the treatment of BPDCN patients to acquire sustained remission. Post-transplant lymphoproliferative disorder (PTLD) is a group of conditions involving abnormal lymphoid cells proliferation in the context of extrinsic immunosuppression after solid organ transplantation (SOT) or HSCT. Herein, we report a patient with BPDCN, who suffered from PTLD after allogeneic HSCT.

Case presentation: A 66-year-old man was diagnosed with BPDCN, confirmed by pathologic examination after splenectomy. The post-surgery 18F-fluoro-2-deoxy-D-glucose-positron emission tomography/computed tomography (18F-FDG PET/CT) showed multifocal 18F-FDG avidity in the left cheek, lymph nodes and bone marrow. The patient started chemotherapy, followed by allogeneic HSCT and immunosuppressive therapy. Four months after the HSCT, the patient developed intermittent fever and recurrent lymphadenopathy, accompanied with progressively elevated Epstein–Barr virus (EBV)-DNA both in serum and lymphocytes. 18F-FDG PET/CT was performed again and found multiple new enlarged 18F-FDG-avid lymph nodes, while the previous hypermetabolic lesions all disappeared. The pathology of mesenteric lymph node indicated a monomorphic PTLD (diffuse large B-cell lymphoma). Then the immunosuppressive medications were stopped and two cycles of Rituximab were given, and the follow-up CT scan indicated a complete response.

Conclusion: When patients with BPDCN recurred new enlarged lymph nodes after allogeneic HSCT and immunosuppressive therapy, PTLD should be taken into consideration. 18F-FDG PET/CT may provide additional evidence for supporting or refuting the suspicion of PTLD, and suggest lesions accessible for biopsy.
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1. Introduction

Blastic plasmacytoid dendritic cell neoplasm (BPDCN), originating from the precursor of plasmacytoid dendritic cells, is an extremely rare and aggressive hematopoietic malignancy (1). It typically involves skin, lymph nodes and bone marrow, while its exact incidence remains unknown (2). The diagnosis of BPDCN is mainly based on histology, immunohistochemistry, and flow cytometry (3, 4). 18F-fluoro-2-deoxy-D-glucose-positron emission tomography/computed tomography (18F-FDG PET/CT) is helpful in staging of BPDCN (5). Given the highly aggressive clinical behavior, the overall prognosis of BPDCN is poor (6–8). There have been no standard treatments for BPDCN, and leukemia-type chemotherapy followed by allogeneic hematopoietic stem cell transplantation (HSCT) can be considered as a consolidative strategy (9). Post-transplant lymphoproliferative disorder (PTLD) is a group of conditions involving abnormal lymphoid cells proliferation in the context of extrinsic immunosuppression after solid organ transplantation (SOT) or HSCT (10). Herein, we report a patient with BPDCN, who suffered from PTLD after allogeneic HSCT. The unique 18F-FDG PET/CT patterns at the initial diagnosis of BPDCN and at the time of PTLD after HSCT indicated that 18F-FDG PET/CT might be helpful for the differential diagnosis and suggesting lesions accessible for biopsy.



2. Case report

A 66-year-old man presented with continuous fever with the highest temperature of 38.6°C and left upper abdominal pain for 1 month. The laboratory examination showed a progressive decrease of blood platelets, with a minimum of 32 × 109/L. Ultrasound examination showed splenomegaly and multiple enlarged lymph nodes in bilateral supraclavicular regions, bilateral axillas, and bilateral groins. Contrast-enhanced magnetic resonance imaging (MRI) revealed massive splenomegaly with an abnormal signal lesion in the spleen (Figures 1A–D), and multiple enlarged lymph nodes in the hepatic hilum and around the pancreas. Combining the patient’s progressive thrombocytopenia and massive splenomegaly, hypersplenism was considered, and splenectomy was performed subsequently. Hematoxylin and eosin (HE)-stained specimens of the splenic lesion revealed diffuse distribution of small to medium monomorphic round cells with moderate cytoplasm and inconspicuous nucleoli, and the result of immunohistochemistry (IHC) showed CD56 (++), CD123 (+), CD4 (++), CD43 (++), which was consistent with BPDCN involving the spleen (Figures 1E–G).
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FIGURE 1
 The axial image of T1-weighted (A), Fat-suppressed T2-weighted (B), diffusion-weighted (C), and gadolinium-enhanced T1-weighted (D) MRI images showed massive splenomegaly with an abnormal signal lesion (arrows) in the spleen. The HE staining specimen of spleen (E) showed diffuse distribution of small to medium monomorphic round cells with moderate cytoplasm and inconspicuous nucleoli, and the neoplastic cells showed both positive for CD56 (F) and CD123 (G) in immunohistochemistry.


Further physical examination revealed a brown rash on the patient’s left cheek (Figure 2A), and 18F-FDG PET/CT was performed for evaluating the systemic involvement of BPDCN. The patient fasted for at least 6 h before PET/CT examination, and his blood sugar concentration on the day of examination was 6.2 mmol/L. PET/CT (Philips Gemini GXL, Philips Medical Systems, United States) scan was performed 60 min after the intravenous administration of 18F-FDG (3.7 MBq/kg body weight, provided by Atom high-tech Co., Ltd., Beijing, China). Image acquisition began with CT for attenuation correction and anatomical reference, using a standardized protocol with a tube voltage of 120 kV, a tube current of 100 mA/s, and a matrix of 512 × 512. Then PET scan was performed with a matrix of 144 × 144, 1.5 min per bed position, 8 bed positions. Pulmonary breath-holding CT was carried out with a tube voltage of 120 kV, a tube current of 100 mA/s. All images were reconstructed by Fusion Viewer software in the Extended Brilliance Workstation (EBW, Philips Medical Systems, United States).
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FIGURE 2
 The physical examination revealed a brown rash on the patient’s left cheek [(A), arrow]. The axial image of head CT revealed slightly skin thickening in the left cheek [(B), arrow], with mild 18F-FDG avidity (SUVmax 1.1) on the corresponding PET [(C), arrow] and PET/CT fusion [(D), arrow] images. The body MIP image (E) demonstrated diffuse 18F-FDG uptake in bone marrow (SUVmax 4.0) and multiple metabolic foci as described in the following axial images. On the axial images of PET, CT and PET/CT fusion, multiple enlarged lymph nodes were found in bilateral submaxillary regions (F), bilateral axillas and mediastinum (G), hepatic hilum (H), and bilateral groins (I) (arrows), which exhibited varying 18F-FDG avidity with the maximal SUVmax of 4.2 in the left submaxillary lymph nodes.


The images revealed slightly skin thickening in the left cheek with mild 18F-FDG avidity with maximum standardized uptake value (SUVmax) of 1.1 (Figures 2B–D), diffuse uptake in the bone marrow with SUVmax of 4.0, and multiple metabolic enlarged lymph nodes with SUVmax of 4.2 (Figures 2E–I). The SUVmax of liver and blood pool was 3.3 and 2.1, respectively. The pathological findings of the left cheek rash, bone marrow, and cervical lymph node were all consistent with BPDCN.

Subsequently, the patient received chemotherapy with one cycle of VDLP (vincristine, daunorubicin, L-asparaginase and prednisone) and three cycles of CHOPE (cyclophosphamide, doxorubicin, vincristine, prednisone, and etoposide). Follow-up ultrasound showed that the previously enlarged lymph nodes disappeared, and bone marrow biopsy showed no abnormal cells. For maintaining a sustained remission, the patient underwent allogeneic HSCT and immunosuppressive therapy.

Four months after HSCT, the patient developed intermittent fever with the highest temperature of 39.0°C. The EBV-DNA both in serum and lymphocytes was gradually increased. All these clues leaded the clinicians to the suspicion of PTLD, but more evidences were required to exclude the acute infection, graft-versus-host disease (GVHD), graft rejection or malignancy relapse. Hence, the patient was referred to a second 18F-FDG PET/CT examination. On the examination day, the patient’s fasting blood sugar concentration was 7.5 mmol/L. The images showed multiple new 18F-FDG-avid enlarged lymph nodes in the chest and abdomen with SUVmax of 13.9, while the previous hypermetabolic lesions all disappeared (Figure 3). The SUVmax of liver and blood pool was 4.1 and 2.7, respectively.
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FIGURE 3
 The second 18F-FDG PET/CT was performed 4 months after the HSCT. The MIP image (A) showed multiple new 18F-FDG-avid lesions in the chest and abdomen, while the previous hypermetabolic lesions all disappeared. On the axial images of PET, CT and PET/CT fusion, enlarged lymph nodes were observed in mediastinum (B,C), and abdominal and pelvic cavity (D,E) (arrows), which demonstrated intense 18F-FDG uptake with the highest SUVmax of 13.9 in the mesenteric lymph node.


Based on the 18F-FDG PET/CT results, a core needle biopsy was performed on the 18F-FDG-avid mesenteric lymph node. The HE result showed diffuse medium-large cell infiltration with nuclear irregularity, and the IHC results showed CD20 (+++), CD3 (−), CD56 (−), CD10 (−), Bcl-6 (−), MUM1 (+), Bcl-2 (80%+), CD123 (−), with EBV-positive in the in-situ hybridization for EBV-encoded RNA (Figure 4). The pathology of the mesenteric lymph node proved a diffuse large B-cell lymphoma, indicating the diagnosis of monomorphic PTLD.
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FIGURE 4
 The pathology of the mesenteric lymph node. The HE staining specimen (A) showed diffuse medium-large cell infiltration with nuclear irregularity. Immunophenotype of the neoplastic cells showed CD20 (B) and Bcl-2 (C) were positive, while CD56 (D) and CD123 (E) were negative. The in-situ hybridization (ISH) staining of EBV-encoded RNA [EBER, (F)] showed EBV positive.


Then the immunosuppressive medications were stopped and two cycles of Rituximab were given. One month after the treatment, the EBV DNA in the patient’s serum and lymphocytes was undetectable. The follow-up CT showed the lesions disappeared completely, characterized as complete response.



3. Discussion

BPDCN, derived from precursors of plasmacytoid dendritic cells, is an extremely rare hematopoietic malignancy (11). It commonly affects elderly males, with a male/female incidence ratio of at least 3:1 (12, 13). Ninety percent of patients have cutaneous involvement, and skin lesions are often the first manifestation that typically result in medical attention (14, 15). The skin lesions are usually manifested as bruise-like lesions, plaques or nodules on the head, trunk, and extremities (6). A small percentage of patients will present with isolated skin disease, while the majority of patients has extracutaneous manifestations, including lymphadenopathy, fever, fatigue, or testicular swelling, but rarely have massive splenomegaly or hypersplenism (15–19).

The diagnosis of BPDCN is mainly based on histology, immunohistochemistry, and flow cytometry (3, 4, 20). Under microscope, the tumor cells are medium sized with a slightly irregular-shaped nucleus and smooth chromatin, similar to lymphoblasts (14). IHC usually demonstrates that the characteristic markers of plasmacyte-like dendritic cells, such as CD4, CD56, CD123, CD303 and T-cell leukemia/lymphoma protein 1 (TCL-1), are positive, while the markers of myelocyte, T/B lymphocyte, and NK cell are negative (3, 4, 21).

Currently, only a few case reports have described the imaging features of BPDCN on 18F-FDG PET/CT. Typical presentations include mildly hypermetabolic cutaneous lesions with thickened skin or subcutaneous mass, mildly hypermetabolic enlarged lymph nodes in multiple regions, and slightly higher 18F-FDG uptake in bone marrow, with reported SUVmax range of 1.9–2.4 (17, 22–24). Although the imaging features of BPDCN on 18F-FDG PET/CT are nonspecific, 18F-FDG PET/CT is crucial in staging of BPDCN by detecting the involvement of regional lymph node, bone marrow, and other organs, which is related to prognosis of the disease (5, 17).

BPDCN is an aggressive hematopoietic malignancy and exhibits a poor prognosis, with median survival of less than 2 years (25). There is no standard treatment-protocol for BPDCN, and the commonly used chemotherapy regimens derive from other more common hematological malignancies, such as non-Hodgkin lymphoma (NHL), acute lymphoblastic leukemia (ALL) and acute myeloid leukemia (AML) (6, 8, 26). Patients with BPDCN can achieve remission after receiving leukemia-type chemotherapy, but the disease usually tends to relapse after a few months. Consequently, allogeneic HSCT is considered as a consolidative strategy to maintain sustained complete remission (20). In addition, in view of the highly aggressive clinical behavior of BPDCN, it is recommended to start HSCT as soon as possible (9, 22).

PTLD is a group of conditions involving abnormal lymphoid cells proliferation in the context of extrinsic immunosuppression after SOT or HSCT. It is one of the most serious complications after the transplantation (10). The incidence of PTLD is 1 to 20% of recipients overall and varies by transplanted organs. Recipients of intestine and multi-organ transplantation have the highest risk (12%–17%), followed by lung (6%–10%), heart (3%–5%), liver (2%–3%) and kidney (1.5%–2.5%), while the recipients of HSCT have the lowest risk (< 2%) (27, 28). Although the incidence of PTLD in HSCT recipients is relatively low, patients with the following risk factors are more prone to develop PTLD: the use of antithymocyte globulin or alemtuzumab, in-vivo T-cell depletion, EBV serology donor/recipient mismatch (recipient-negative/donor-positive), human leukocyte antigen (HLA) mismatch, splenectomy, a second HSCT, and so on (29).

Compared with the SOT-associated PTLDs, which usually demonstrated a bimodal time distribution, with an early peak in the first 2 years and a second peak between 5 and 10 years after transplantation, most of the HSCT-associated PTLDs only show the early-onset pattern (10, 30). In many early-onset cases, carcinogenic EBV is a key pathogenic driver. The immunosuppressive therapy after allogeneic HSCT may disrupt the normal balance between the proliferation of potentially infected B-cells and the EBV-specific T-cell response, while the increased number of latently infected B cells may develop into PTLD (31). Furthermore, the splenectomy before HSCT may impair the function of CD5 positive B cell and lead to explosive growth of EBV load (32).

According to the World Health Organization (WHO), PTLDs was classified into four main types, namely, early lesions, polymorphic PTLD, monomorphic PTLD (with many subtypes), and classic Hodgkin lymphoma-like PTLD. EBV-related PTLD may evolve from a polyclonal disorder to a more aggressive monoclonal variant. Therefore, early diagnosis, accurate staging, and timely treatment are of vital importance to reduce morbidity and mortality. The European Conference in Infections in Leukemia recommended in the evidence-based guidelines that weekly EBV-DNA screening should be carried out on high-risk allogeneic HSCT recipients for at least 3 months (33).

The clinical manifestations of PTLD are usually nonspecific, and the patients commonly present with fever, anorexia, lethargy, night sweats, and weight loss. When latently-infected lymphocytes expand within the reticuloendothelial system, patients can present with lymphadenopathy, symptomatic hepatosplenomegaly, ascites, abdominal pain and cytopenias (34). Clinicians should differentiate PTLD from an acute infection, GVHD, graft rejection or malignancy relapse. Surveillance and diagnostic strategies for high-risk population of PTLD include routine blood test, weekly EBV DNA monitoring, imaging and tissue biopsy. Pathological diagnosis is the gold standard of PTLD, and most importantly, it can determine the PTLD subtype, which forms the basis for the subsequent treatment planning.

18F-FDG PET/CT may provide additional evidence for supporting or refuting the suspicion of PTLD, and suggest lesions accessible for biopsy (21, 35–37). As 18F-FDG PET/CT can provide both anatomic and metabolic information of lesions, it can increase the sensitivity of detecting occult metabolically active lesions or small lesions neglected on CT scan due to not meeting size criteria (35). Besides, it was reported that 18F-FDG PET/CT had advantage in detecting extra-nodal lesions due to its additional metabolic information (38). A recent retrospective study including 91 patients with clinical suspicion of PTLD showed that the sensitivity and specificity of 18F-FDG PET/CT for the detection of PTLD were 85 and 90%, respectively (30). Another monocentric retrospective analysis involving 170 cases showed that 18F-FDG uptake in PTLD was generally high with a median SUVmax of 17.4 (range 2.6–26.4) (39). However, 18F-FDG uptake will also increase in other conditions in patients after transplantation, such as postsurgical inflammation, infection, bone marrow activation and transplant rejection. In these cases, the detection of non-specific 18F-FDG-avid lesions will make the diagnosis of PTLD challenging.

It is worth noting that in this case, there were small foci of slightly increased uptake in the bone marrow (heterogenous uptake), slightly increased uptake in lymph nodes and skin in BPDCN, whereas there was intense uptake in evidently enlarged lymph nodes in PTLD, consistent with previous reports (17, 22–24, 39). This indicates that the differences in 18F-FDG uptake patterns may also be a distinguishing point between these two diseases.

As a whole-body functional and molecular imaging method, 18F-FDG PET/CT has unique advantages in staging and re-staging. Accurate staging is required for clinicians to decide the management strategy, as well as to evaluate the treatment response promptly and accurately. At present, the 18F-FDG PET/CT staging procedures of lymphoma are adopted for PTLD staging in many centers (40).

According to the National Comprehensive Cancer Network (NCCN) guideline (41), the main treatment options for PTLD include reducing immunosuppression, rituximab monotherapy, chemotherapy with or without rituximab, sequential chemo-immunotherapy, and so on.

In summary, we herein report a rare case of a patient with BPDCN who suffered from PTLD after allogeneic HSCT. This case indicates when new enlarged lymph nodes after HSCT and immunosuppressive therapy in patients with BPDCN are discovered, PTLD should be taken into consideration. 18F-FDG PET/CT examination may provide additional evidence for supporting or refuting the suspicion of PTLD, and suggest lesions accessible for biopsy.
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Postpubertal testicular teratoma exhibits malignant biological behavior and has metastatic potential. We report a case of a 17-year-old patient diagnosed with postpubertal testicular teratoma with massive retroperitoneal metastasis. The pathological examination revealed a mature teratoma without any other components. However, the patient had a significantly increased level of AFP, and 18F-FDG PET/CT showed the retroperitoneal metastasis had increased FDG uptake, with a SUVmax of 15.6, suggesting the coexistence of other germ cell tumor components, and the patient might have a poor prognosis. After resection of the retroperitoneal tumor, PET/CT further revealed multiple abdominal and pelvic metastases, with a SUVmax of 22.5. Therefore, the patient received a cycle of chemotherapy and follow-up PET/CT imaging showed the achievement of complete metabolic response after the treatment. In this case, PET/CT played a crucial role in detecting metastasis, compensating for the limitations of pathological sampling, thus establishing a definitive diagnosis and predicting prognosis. And it was evident that PET/CT also has the advantage of evaluating therapeutic efficacy.
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Introduction

The World Health Organization updated the classification of testicular tumors in the “Tumors of the urinary system and male genital organs” category in 2022, among which nonseminomatous germ cell tumors (NSGCTs) include embryonal carcinomas, yolk sac tumors, choriocarcinomas, and teratomas. Testicular teratomas can be further classified into prepubertal and postpubertal teratomas, and teratomas unrelated to germ cell neoplasia in situ (GCNIS) are designated as prepubertal teratomas, while the GCNIS-derived entities are designated as postpubertal type (1, 2). Prepubertal testicular teratomas typically occur in children and exhibit a benign biological behavior. On the other hand, postpubertal testicular teratomas usually occur in adults and may also occur in pediatric patients who have disorders of sex development (3). The diagnosis of teratomas relies on pathological examination. Postpubertal teratomas, whether mature or immature teratomas, are considered as malignant components and have metastatic potential (4, 5). A significant elevation of serum alpha-fetoprotein (AFP) suggests the potential coexistence of yolk sac tumor components in the teratoma (6). However, due to sampling limitations, pathological examination failed to show the presence of yolk sac tumors. 18F-fluorodeoxygluxose (FDG) positron emission tomography/computed tomography (PET/CT) is used as a favorable examination to detect systemic tumor metastasis. Mature teratomas have normal or slightly elevated FDG uptake, so if the tumor has a significantly elevated FDG uptake, it suggests that there are other components in the tumor (7, 8). Combined with high FDG uptake on PET/CT images and significantly increased AFP, patients can be diagnosed more accurately. And a patient with teratoma coexisting with yolk sac tumor components usually has a poor prognosis, PET/CT can play a role in detecting metastasis and evaluating treatment efficacy (9).



Case presentation

A 17-year-old boy accidentally found a left testicular swelling, which was hard and accompanied by pain. The patient went to the local hospital and was diagnosed as inflammation. The pain was relieved after antibiotic infusion, but there was no significant change in the size of the swelling, so he was consulted at our hospital. The patient was previously in good health and had no history of tumor, and had no familial history of hereditary diseases. Laboratory tests showed markedly increased level of AFP (>1,210 ng/mL) whereas his HCG level was normal (<0.1 mIU/mL). The ultrasound showed that there was a cystic mass in the left testis, which tended to be benign. The pelvic contrast-enhanced MRI revealed that the left testicular mass contained both solid and cystic components, and it exhibited low signal intensity on T1WI and high signal intensity on T2WI. There were multiple reticular structures in the mass, which exhibited low signal intensity on T1WI and T2WI and high signal intensity on DWI. The solid components showed significant enhancement on enhancement scan. And there were no enlarged lymph nodes in the scanning range (Figures 1A–D). Then, left side radical orchiectomy was performed. The resected specimen measured 5.5 × 4.5 × 3.3 cm, and the pathological examination revealed a mature teratoma, with mostly well-differentiated tissues, while focal areas showed markedly heterotypic epithelioid cells. Immunohistochemistry staining results demonstrated the positive expression of AE1/AE3, SALL4, CK7 and Ki-67 (20%), whereas the negative expression of CD30, EMA, CEA, PLAP, AFP2, Vim, CD117, S-100, TTF1, PSA, CK20 (Figures 1E–H).

[image: Figure 1]

FIGURE 1
 Pelvic contrast-enhanced MRI images and pathological images of the testicular teratoma. Pelvic contrast-enhanced MRI revealed that the left testicular mass contained both solid and cystic components, and it exhibited low signal intensity on T1WI transverse image (A), and high signal intensity on T2WI transverse image (B). There were multiple reticular structures in the mass, which exhibited low signal intensity on T1WI and T2WI, and exhibited high signal intensity on DWI transverse image (C). On enhancement scan image (D), the solid components showed significant enhancement. (E–G) The hematoxylin–eosin (HE) staining (magnification ×40 and 100) showed that the mature teratoma was infiltrated with mostly well-differentiated tissues, while focal areas showed markedly heterotypic epithelioid cells. (H) Immunohistochemistry showed that the tumor cells were positive for SALL4 (magnification ×100).


However, half a month after the excision of testicular lesion, although the patient had no clinical symptoms, the serum level of AFP remained significantly increased (>1,210 ng/mL), so further examinations were performed. Contrast-enhanced CT of urinary system showed there was an irregular soft tissue mass on the on the left side of abdominal aorta and below the left renal hilum, at the size of 8.4 × 10.0 cm. The mass had an incomplete capsule with unclear boundary. The internal density was heterogeneous and multiple patchy necrotic areas could be found. Also, the fatty space surrounding the lesion was unclear and the lesion demonstrated uneven enhancement (Figures 2A–C). To further evaluate the whole-body situation and re-staging, 18F-FDG PET/CT was performed. PET/CT revealed increased FDG uptake at the edges of the tumor with a SUVmax of 15.9, while the central FDG uptake was low, indicating a large area of necrosis. These findings reflected the aggressive growth and high malignant potential of the tumor. In addition, there were no metastatic lesions with abnormal FDG uptake in other parts of the body (Figures 2D–G). Then, the patient underwent resection of the retroperitoneal tumor, retroperitoneal lymphadenectomy and nephrectomy of the left side. Postoperative pathological examination of the resected specimen also revealed a mature teratoma with no other components. Immunohistochemistry staining results demonstrated the positive expression of AE1/AE3, CK7, AFP and Ki-67 (30%), whereas the negative expression of CD30, OCT3/4, CK20 and p53. Based on pathological findings, postpubertal testicular teratoma should be considered and the final diagnosis for the patient was mature teratoma of the testis with retroperitoneal metastasis.
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FIGURE 2
 Contrast-enhanced CT and 18F-FDG PET/CT images. The retroperitoneal teratoma exhibited an incomplete capsule and unclear local boundaries on the enhanced CT plain scan (A), with uneven internal density. And it demonstrated uneven enhancement during the arterial (B) and venous (C) phases of the contrast-enhanced CT. (D) The whole-body maximum intensity projection showed the retroperitoneal lesion with hypermetabolism. The transverse (E), coronal (F) and sagittal (G) images of retroperitoneal lesions showed that the tumor had high FDG uptake, with a SUVmax of 15.9.


One month after the second operation, the patient’s AFP was still higher than normal (>1,210 ng/mL), so he underwent PET/CT examination again for re-staging. There were multiple soft tissue density nodules and masses around the abdominal aorta, spleen, left psoas major, left diaphragm foot and left pelvic cavity, some of which had unclear boundaries with adjacent intestines, left adrenal gland and psoas major muscle. The FDG uptake of these lesions increased unevenly, with a SUVmax of 22.5, indicating extensive recurrent metastasis of the tumor (Figures 3A–C). Then, the patients received one cycle of combination chemotherapy with bleomycin, etoposide and cisplatin. In half a year, the patient underwent PET/CT examinations twice to monitor the effect of treatment. Three months after chemotherapy, PET/CT showed some lesions shrank or disappeared to varying degrees, and FDG uptake was lower than before with a SUVmax of 8.4. Furthermore, the PET/CT results after chemotherapy showed that most of the lesions became smaller or disappeared, and FDG uptake became normal, achieving complete metabolic response recovery and suggesting that the treatment was effective (Figures 3D–F).

[image: Figure 3]

FIGURE 3
 18F-FDG PET/CT images before and after chemotherapy. Before the patient received chemotherapy, the whole-body maximum intensity projection (A) showed multiple hypermetabolic lesions around the abdominal aorta, spleen, left psoas major, left diaphragm foot and left pelvic cavity. And the transverse images (B,C) showed that these lesions had significantly increased FDG uptake, with a SUVmax of 22.5. After the patient received a cycle of chemotherapy, the whole-body maximum intensity projection (D) and the transverse images (E,F) showed that the pre-existing lesions shrank or disappeared, and the remaining lesions displayed a marked reduction in FDG uptake compared to before.




Discussion

Although testicular tumors account for only about 1% of all solid tumors in men, it is the most common solid malignancy in men aged 15–35 years (10). The World Health Organization updated the classification of testicular tumors in the “Tumors of the urinary system and male genital organs “category in 2022 (1). The two main types of testicular tumors are germ cell tumors (GCTs) and sex cord-stromal tumors (SCSTs), with the former accounting for 95% of cases. GCTs can be divided into pure seminomas, which consist entirely of germ cells, and all other tumors collectively called NSGCTs. Teratomas, along with embryonal carcinomas, yolk sac tumors, and choriocarcinomas, are classified as NSGCTs. Testicular teratoma can be classified into prepubertal and postpubertal teratoma. Prepubertal teratoma usually occurs in children and is typically a pure teratoma with benign biological behavior (11). However, postpubertal testicular teratomas typically occur in adults and are rarely pure teratomas. They exhibit malignant biological behavior and 22–38% of patients develop metastases (4, 5). Only a minority of teratomas contain malignant somatic tissue components, such as squamous cell carcinoma, adenocarcinoma, immature neuroectodermal elements, or sarcoma (12, 13). Testicular teratomas are characterized by slow progression and lack of typical clinical presentation, presenting with testicular enlargement, heaviness, discomfort, and mild pain. If a teratoma exhibits malignant biological behavior, the patient may present with rapid enlargement of the tumor, as well as systemic symptoms such as anemia and weight loss. If the tumor metastasizes, the patient may also experience other clinical symptoms such as progressive abdominal distension and disturbed bowel habits (14). Most patients with retroperitoneal teratoma are asymptomatic, and the most common symptom is nonspecific pain. Patients whose adrenals were compressed may present with vertigo and hypertension (15). In our case, the patient’s testicular teratoma caused pain, while the retroperitoneal teratoma did not cause any symptoms, which was consistent with previous studies.

Various imaging modalities such as ultrasound, MRI and CT are used for evaluating testicular teratomas. Ultrasound evaluation is often the first choice of imaging modality for testicular teratoma, which typically shows a cystic or solid cystic mass with heterogeneous echogenicity. The mass may contain calcifications and other elements, such as bone and hair. Immature teratomas are richly vascularized due to their predominantly solid component, while mature teratomas are mainly cystic and lack vascularity (16, 17). When a teratoma undergoes malignant somatic transformation, it may initially present as a cystic lesion with low-level echogenicity and gradually become solid, with a heterogeneous pattern of echogenicity and rich blood flow (18). A benign teratoma typically presents as an ellipsoid mass with distinct borders on MRI. Mixed signal intensity is observed on both T1WI and T2WI, and the presence of high signal intensity fat can also be detected. Contrast-enhanced scanning shows mild and heterogeneous enhancement. Meanwhile, a malignant teratoma can present with an indistinct border and heterogeneous signal intensity, with significant and heterogeneous enhancement (19). CT has a limitation in evaluating soft tissue components, but it still widely used for patients with teratomas because it is superior to MRI in scanning time, cost and scanning coverage. The typical CT manifestation of teratoma consists of a heterogeneous cystic-solid mass composed of various components, including fat, hair, and fluid. The cyst wall can vary in thickness and may exhibit arc-shaped calcification. The density of the fat component within the cyst is negative. On contrast-enhanced scans, the solid portion and the septa of the mass show mild to moderate enhancement, while the low-density areas and the fat components remain unenhanced. Malignant teratoma is characterized by the presence of a nodular forming and enhancing soft tissue component, extracapsular tumor growth with extension into adjacent structures or metastasis, etc. (20).

The final diagnosis of testicular teratoma relies on pathological examination. Mature teratomas contain well-differentiated tissues, typically including three germ layers. Immature teratomas refer to tumors containing undifferentiated components, resembling tissues at embryonic developmental stage, characterized by immature neuroepithelial islands and varying degree of differentiation including skeletal muscle, cartilage, and stromal cells. For patients with testicular GCT, the distinction between mature and immature teratoma is not of great significance, because both are considered as malignant components and have metastatic potential. Approximately one-third of testicular GCTs are mixed, presenting with two or more different GCT types. Teratoma can coexist with embryonal carcinoma and yolk sac tumor (21, 22). A small number of teratomas exhibit somatic malignant transformation, and pathological examination can reveal that these tumors contain squamous cell carcinoma, adenocarcinoma, immature neuroectodermal components, or sarcomatous components (23).

Considering that postpubertal testicular teratomas have metastatic potential, 18F-FDG PET/CT examination combined with morphological and metabolic information can be used as a favorable examination to detect metastasis. A literature search was performed on the PubMed and database from 1997 to 2022, using the keyword “retroperitoneal teratoma” and “PET/CT.” There were night cases of retroperitoneal teratoma with PET/CT findings. The basic information and metabolism of retroperitoneal teratoma are summarized in Table 1 (15, 24–29). Out of these night cases, only one patient was 7 months old, while other patients were adults, ranging in age from 23 to 49 years, with more males than females. Consistent with most reports, the patient we reported was a near-adult male. Retroperitoneal teratoma generally did not cause clinical symptoms, as reported in our case, but might also presented as abdominal pain. When the tumor invaded the spine, patients might present with back pain. When the tumor was a pure mature teratoma, there was usually no increased FDG uptake or slightly increased FDG uptake, which was consistent with previous findings that mature teratomas had a very low avidity for 18F-FDG, with a SUVmean of 1.38 (7, 8). However, one infant with a mature teratoma had a SUVmax of 4.1, possibly due to the abundant central nervous tissue (24). In addition to this, if mature teratomas showed increased FDG uptake, possibly due to the presence of immature teratoma, embryonal carcinoma, or malignant somatic tissue components. However, none of these components were found in the pathological examination of the patient in our case. It is also worth mentioning that among the above adult patients, patients with pure mature teratoma, or teratoma combined with embryonal carcinoma, or teratoma combined with malignant somatic transformation all had normal levels of AFP (<7.5 ng/mL), whereas the patient in our case had a significantly increased AFP level (>1,210 ng/mL). Literature reports suggested that elevated AFP or β-HCG could not be attributed to teratoma components, and an increase in these tumor markers suggested the presence of coexisting other GCT components (22, 30). For example, significant elevation of AFP indicated the presence of yolk sac tumor components in the tumor (6). The pathological examination of this case did not reveal the presence of yolk sac tumor components, possibly due to the limited sampling site. However, combining the significantly elevated AFP level and the hypermetabolism of the tumor on PET/CT images, it can be inferred with high probability that this patient had a mixed GCT, more specifically, a combination of teratoma and yolk sac tumor. SALL4 is a transcription factor and serves as a marker of yolk sac tumor (31, 32). In order to verify the presence of yolk sac tumor components in the patient’s primary testicular teratoma, we reperformed immunohistochemical staining of the testicular teratoma pathology images and found that the tumor cells were positive for SALL4, suggesting that there was a high probability of the presence of yolk sac tumor components in the lesion. In terms of prognosis, it has been reported that patients had a poor prognosis if other GCT components were present in teratomas, especially in mature teratomas (9). In addition, AFP levels were correlated with disease severity (30). Therefore, the patient might have a very poor prognosis. In our case, 18F-FDG PET/CT played an important role in patients with testicular teratoma and metastatic retroperitoneal teratoma, as it could compensate for the limitations of pathological sampling, clarify the diagnosis, and provide more accurate information about the prognosis.



TABLE 1 Literature review of retroperitoneal teratoma cases with 18F-FDG PET/CT manifestations.
[image: Table1]

The standard treatment for all GCTs in adults is radical orchiectomy. Patients with postpubertal testicular teratoma have a high incidence of retroperitoneal metastasis, with rates of 30% in patients with clinical stage I and 75% in patients with clinical stage II (33). Therefore, the patient underwent imaging examination of the retroperitoneum, which revealed a massive retroperitoneal metastatic teratoma. Studies have shown that even in patients with pure testicular teratoma, approximately 20% of patients may experience recurrence during surveillance (34, 35). Thus, after undergoing retroperitoneal tumor resection, the patient received regular PET/CT scans to monitor tumor recurrence. One month after surgery, PET/CT revealed extensive recurrent lesions with high FDG uptake, with a SUVmax of 22.5. The patient then underwent chemotherapy and also used PET/CT to test the efficacy of the treatment. Late relapse is rare in patients with testicular GCTs, and follow-up may not be necessary to detect recurrence after 5 years (36). However, this patient not only presented with retroperitoneal metastasis but also had extensive recurrent lesion with hypermetabolism in the abdominal and pelvic cavity revealed by PET/CT, indicating the need for a longer follow-up period.



Conclusion

Postpubertal testicular teratoma has metastatic potential and 18F-FDG PET/CT can be used as a favorable examination to detect systemic tumor metastasis. In addition, although the diagnosis of teratoma relies on pathological examination, it can be inaccurate due to sampling limitations. If AFP levels are significantly elevated and PET/CT shows lesions with high FDG uptake, the presence of yolk sac tumor component in the teratoma should be suspected. PET/CT helps to compensate for the limitations of pathological sampling, thus confirming the diagnosis. If teratoma coexists with other GCT components, the patient has a poorer prognosis, and PET/CT plays an important role in predicting patient prognosis, monitoring tumor metastasis and recurrence, and evaluating the therapeutic effect.
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Background: Xp11.2 translocation/TFE3 gene fusion associated with renal cell carcinoma (Xp11.2 RCC) exhibits unique biological characteristics and is associated with an increased incidence of tumor thrombosis, lymph node metastasis, and advanced disease stages. Multimodality imaging, including US, contrast-enhanced CT, multi-parametric MRI, and 18F-FDG PET/CT plays a crucial role in the preoperative diagnosis and differentiation of renal tumors.

Case report: A 15-year-old female presented with lumbar pain worsened, and developed persistent painless hematuria. The CT attenuation values of the scan without contrast, corticomedullary phase, nephrographic phase, and delayed phases were 35 HU, 83 HU, 82 HU, and 75 HU, respectively. The solid component of the mass displayed heterogeneous marked enhancement. Furthermore, MRU indicated that the lesion involved the cortical medulla and infringed on the renal sinus fat. The lesion appeared isosignal in T1WI, slightly low signal in T2WI, and slightly high signal in DWI. The degree of enhancement in the three phases of enhancement scan was lower than that in the renal parenchyma, and hemorrhage and necrosis were observed within the internal part of the lesion. To further clarify the staging, the patient underwent 18F-FDG PET/CT. PET/CT images showed multiple irregular occupancies in the right kidney with unclear borders, showing a heterogeneous increase in 18F-FDG uptake, with SUVmax values ranging from 2.3 to 5.2 in the routine imaging phase (60 min post-injection), compared to SUVmax values ranging from 2.8 to 6.9 in the delayed imaging phase (160 min post-injection). Additionally, multiple enlarged and fused lymph nodes were observed in the medial part of the right kidney and the retroperitoneum, exhibiting a heterogeneous increase in 18F-FDG uptake, with SUVmax values ranging from 4.1 to 8.7 in the routine imaging phase, compared to SUVmax values ranging from 4.4 to 9.1 in the delayed imaging phase. The postoperative pathology, immunohistochemistry, and molecular analysis of histiocytes were consistent with a diagnosis of Xp11.2 RCC. One month after surgery, enhanced-CT examination of the patient revealed lung metastasis, peritoneal metastasis, and multiple lymph node metastases throughout the body, with an overall survival of 16 months.

Conclusion: Xp11.2 RCC exhibits unique biological characteristics and is associated with an increased incidence of tumor thrombosis, lymph node metastasis, and advanced disease stages. Long-term follow-up is essential to monitor the likelihood of recurrence and metastasis. 18F-FDG PET/CT examination can comprehensively visualize the lesion’s location and extent, providing a basis for clinical tumor staging and aiding in treatment monitoring and follow-up. To address the limitations of FDG, the utilization of specific tracers designed for RCC or tracers that are not excreted via the urinary system would be ideal. Further advancements in molecular imaging technologies and the development of novel tracers hold great promise in advancing the diagnosis and management of RCC, ultimately contributing to better patient outcomes and overall disease management.
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Introduction

Annually, malignant kidney tumors are diagnosed in 3–15 individuals per 100,000 (1). Apart from the well-known clear cell cancers, which constitute 80–85% of all renal cell cancer (RCC) cases, the 2016 World Health Organization (WHO) classification introduced new molecular-driven histotypes. These include MiTF family translocation carcinoma, succinate dehydrogenase (SDH)-deficient RCC, and hereditary leiomyomatosis and RCC syndrome-associated RCC (2). One infrequent RCC subtype is RCC associated with Xp11.2 translocation/TFE3 gene fusion (Xp11.2 RCC) (3, 4), which has been integrated into the MiT family translocation RCC category. The significance of molecular data in enhancing kidney tumor classification was affirmed in the latest WHO classification. This new classification introduced a category of molecularly defined RCC, encompassing TFE3-rearranged RCC, TFEB-rearranged and TFEB-amplified RCC, FH-deficient RCC, SDH-deficient RCC, ALK-rearranged RCC, ELOC (formerly TCEB1)-mutated RCC, and SMARCB1 (INI1)-deficient RCC (5, 6). For TFE3-rearranged RCC, the identification of gene rearrangement through FISH assays or RNA-sequencing stands as the gold standard for confirming diagnosis (7, 8). Due to distinct translocation genes implicated, varying morphology, and notably different behavior, TFE3-rearranged RCC are currently recognized as distinct entities. Additionally, Xp11.2 RCC has been documented to display a more aggressive behavior when compared to other RCC subtypes, exhibiting a propensity for distant and lymphatic metastases, ultimately leading to a poorer prognosis (9, 10).

To enhance understanding of this rare neoplasm, we present a case study detailing the multimodal imaging manifestations of a patient with Xp11.2 RCC. Following surgical resection of the tumor, the patient experienced rapid disease progression, developing pulmonary metastases, peritoneal metastases, and multiple lymph node metastases throughout the body, ultimately resulting in an overall survival of 16 months.



Case presentation

A 15-year-old female presented with right lumbar pain, which began 2 years ago and was left untreated. Two months ago, the patient’s lumbar pain worsened, and she developed persistent painless hematuria. On admission, physical examination revealed a palpable hard mass in the right upper abdomen. Laboratory tests showed elevated alpha-fetoprotein levels (18.32 ng/mL).

Abdominal ultrasound was performed, revealing a highly heterogeneous hypoechoic mass in the lower right abdomen with an irregular, lobulated morphology. The mass encroached on the renal sinus and protruded outward from the kidney. A class I blood flow signal was observed within and around the mass (Figure 1A). Additionally, multiple enlarged lymph nodes were detected adjacent to the right renal hilum, in proximity to the inferior vena cava, in the right adrenal region, and near the abdominal aorta. These lymph nodes were fused together and exhibited uneven echogenicity (Figure 1B). CT examination revealed a right renal mass measuring approximately 5.2 cm × 7.1 cm × 8.8 cm (AP × LR × SI) with multiple calcifications. The CT attenuation values of the scan without contrast, corticomedullary phase, nephrographic phase, and delayed phases were 35 HU, 83 HU, 82 HU, and 75 HU, respectively. The solid component of the mass displayed heterogeneous marked enhancement, with areas of hypodense necrosis observed within. Additionally, several fused lymph nodes were identified in the medial right kidney and retroperitoneum, showing the same density and enhancement pattern as the right intrarenal lesion (Figure 2). Furthermore, magnetic resonance urography (MRU) indicated that the lesion was located in the ventral part of the middle and lower pole of the right kidney. The lesion involved the cortical medulla and infringed on the renal sinus fat. The lesion appeared isosignal in T1WI, slightly low signal in T2WI, and slightly high signal in DWI (Figures 3A–C). The degree of enhancement in the three phases of enhancement scan was lower than that in the renal parenchyma, and hemorrhage and necrosis were observed within the internal part of the lesion. Additionally, pseudocoated membrane was observed around the lesion (Figures 3D–F).

[image: Figure 1]

FIGURE 1
 Ultrasound images of Xp11.2 translocation/TFE3 gene fusion associated with renal cell carcinoma (Xp11.2 RCC). (A) A highly heterogeneous hypoechoic mass in the right subrenal region with an irregular, lobulated morphology. The mass encroached on the renal sinus and protruded outward from the kidney. A class I blood flow signal was observed within and around the mass. (B) Multiple enlarged lymph nodes were detected adjacent to the right renal hilum, in proximity to the inferior vena cava, in the right adrenal region, and near the abdominal aorta.
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FIGURE 2
 Computed tomography (CT) images of Xp11.2 RCC. (A) The transverse image shows a right renal mass measuring approximately 5.2 cm × 7.1 cm × 8.8 cm with multiple calcifications. (B–D) The CT attenuation values of corticomedullary phase, nephrographic phase, and delayed phases were 83 HU, 82 HU, and 75 HU, respectively. The solid component of the mass displayed heterogeneous marked enhancement, with areas of hypodense necrosis observed within. Several fused lymph nodes were identified in the medial right kidney and retroperitoneum, showing the same density and enhancement pattern as the right intrarenal lesion.
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FIGURE 3
 magnetic resonance urography (MRU) of Xp11.2 RCC. (A) T1WI transverse image shows a heterogeneous isosignal lesion. (B) T2WI transverse image shows a heterogeneous slightly low signal lesion. (C) DWI transverse image shows a slightly high signal lesion. (D–F) The degree of enhancement in the three phases of enhancement scan was lower than that in the renal parenchyma, and hemorrhage and necrosis were observed within the internal part of the lesion. Additionally, pseudocoated membrane was observed around the lesion.


Compression and forward displacement of the right renal vein and inferior vena cava were present, with no evidence of tumor thrombus in the vein. To further clarify the staging, the patient underwent 18F-FDG PET/CT to evaluate the lesions. PET/CT images showed multiple irregular occupancies in the right kidney with unclear borders, showing a heterogeneous increase in 18F-FDG uptake, with SUVmax values ranging from 2.3 to 5.2 in the routine imaging phase (60 min post-injection), compared to SUVmax values ranging from 2.8 to 6.9 in the delayed imaging phase (160 min post-injection). Additionally, multiple enlarged and fused lymph nodes were observed in the medial part of the right kidney and the retroperitoneum, exhibiting a heterogeneous increase in 18F-FDG uptake, with SUVmax values ranging from 4.1 to 8.7 in the routine imaging phase, compared to SUVmax values ranging from 4.4 to 9.1 in the delayed imaging phase. The lesions were poorly demarcated from the right renal artery, right ureter, lower vena cava, and the head of the pancreas, and they were not well demarcated from the right renal artery. Furthermore, the lesion exhibited poor demarcation from the right kidney, right renal artery, right ureter, inferior vena cava, abdominal aorta, and the head of the pancreas, with the right kidney being displaced laterally due to compression, resulting in dilated hydronephrosis of the right renal pelvis (Figures 4A–C). In the right adrenal gland, a soft tissue density nodule measuring approximately 1.2 cm × 2.0 cm was visible, showing increased 18F-FDG uptake with an SUVmax of 4.4 (Figure 4D), compared to SUVmax of 4.9 measured during delayed imaging. Based on the diagnostic imaging, the patient was considered to have nephroblastoma with concurrent retroperitoneal lymph node and right adrenal gland metastases.
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FIGURE 4
 18F-FDG PET/CT images of Xp11.2 RCC. (A) The anteroposterior 3-dimensional maximum intensity projection image (MIP) demonstrated increased metabolic activity in the right kidney (long arrows) and retroperitoneal lymph nodes (dashed arrows). (B,C) Transverse images and coronal images showed multiple irregular occupancies in the right kidney with unclear borders, showing a heterogeneous increase in FDG uptake, with SUVmax values ranging from 2.3 to 5.2. Multiple enlarged and fused lymph nodes were observed in the medial part of the right kidney and the retroperitoneum, exhibiting a heterogeneous increase in FDG uptake, with SUVmax values ranging from 4.1 to 8.7. (D) Transverse images showed a soft tissue density nodule of the right adrenal gland measuring approximately 1.2 cm × 2.0 cm (arrowheads), with increased FDG uptake (SUVmax = 4.4).


The patient underwent surgical resection of the right renal lesion and lymph node dissection. Postoperative pathologic microscopy revealed papillary structures composed of epithelioid clear cells, eosinophils, and gravel bodies (Figures 5A,B). Immunohistochemistry showed positive expression of TFE-3 (Figure 5C), HMB45, P504S, CD10, Vimentin, GATA-3, and AE1/AE3. The molecular analysis of histiocytes further revealed the TFE3 gene disruption. The above findings were consistent with the diagnosis of Xp11.2 RCC. One month after surgery, enhanced-CT examination of the patient revealed lung metastasis, peritoneal metastasis, and multiple lymph node metastases throughout the body, with an overall survival of 16 months.
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FIGURE 5
 Histopathological and immunohistochemical images of Xp11.2 RCC. (A,B) Hematoxylin–eosin (HE) staining (magnification ×100 and 200) showed papillary structures composed of epithelioid clear cells, eosinophils, and gravel bodies. (C) Immunohistochemistry showed that the tumor cells were positive for TFE-3 (magnification ×100).




Discussion

Xp11.2 RCC, a rare subtype of RCC, predominantly affects children rather than adults, accounting for 20–40% of pediatric RCC cases and 1–1.6% of RCC cases in adults (11). Commonly, patients with Xp11.2/TFE3 RCC present with nonspecific symptoms such as abdominal pain, flank mass, and gross hematuria (12). Despite advancements in research, the underlying mechanism of Xp11.2 RCC remains elusive. Some researchers have postulated that the abnormal upregulation of the HGF/MET pathway is closely related to the uncontrolled proliferation, metastasis, and invasion of tumor cells, which occurs when the TFE3 fusion protein binds with the MET promoter, leading to increased MET protein expression (13). Additionally, the inactivation of the FLCN tumor suppressor gene has been suggested to elevate the transcriptional activity of the TFE3 protein, contributing to tumorigenesis (14). According to Argani et al. (15), Xp11.2-RCC results from the fusion of the TFE3 gene with one of five different genes: ASPL (17q25), PRCC (1q21), PSF (1q34), NonO (Xq12), and CLTC (17q23), characterized by chromosomal rearrangements including t(X;17)(p11.2;q25), t(X;1)(p11.2;q21), t(X;1)(p11.2;p34), t(X;17)(p11.2;q23), and inv.(X)(p11.2;q12), respectively (16).

Pathological diagnosis of Xp11.2 RCC is challenging due to its heterogeneous features, characterized by prominent eosinophilic cytoplasm and a papillary growth pattern (17–19). The overexpression of TFE3 protein resulting from translocations makes immunohistochemistry (IHC) assay the most commonly used diagnostic technique in clinical practice (20). However, false negatives and positives may occur. Currently, fluorescence in situ hybridization (FISH) detection is considered the most reliable method for diagnosing Xp11.2 RCC (13).

Multimodality imaging, including conventional ultrasound (US), contrast-enhanced US (CEUS), computed tomography (CT), and multi-parametric magnetic resonance imaging (MRI), plays a crucial role in the preoperative diagnosis and differentiation of renal tumors (21). While most Xp11.2 RCCs are located in the renal medullary tissue or in both the medullary and cortical tissues within the kidney’s contour, some may breach the renal envelope, leading to alterations in the renal contour and manifesting as sizeable masses (22). These tumors often exhibit heterogeneity attributed to cystic degeneration, necrosis, or hemorrhage.

CEUS offers numerous advantages, including noninvasiveness, real-time imaging capabilities, and the accurate assessment of renal tumor characteristics and vascularity. In a study conducted by Ma et al. (23), fast wash-out patterns were identified as the primary features of Xp11.2 RCC. Furthermore, Wei et al. (24) investigated the differentiation between Xp11.2 RCC and clear cell type renal cell carcinoma (ccRCC) using CEUS and found that Xp11.2 RCC exhibited lower peak enhancement compared to ccRCC. CT examination offers the advantage of high spatial resolution and the ability to detect and recognize calcifications in the evaluation of RCC. Previous studies have emphasized the utility of CT characteristics and dynamic contrast-enhanced patterns in distinguishing Xp11.2 RCC from clear cell RCC (ccRCC) (25, 26). In a comparative study by He et al. (26), which included 20 cases of Xp11.2 RCC and 21 cases of renal clear cell carcinoma, the tumor-to-cortex attenuation ratio in the corticomedullary phase, with a cutoff value of less than 0.62, demonstrated a sensitivity of 90.0% and a specificity of 92.9% for differentiating Xp11.2 RCC from ccRCC. CT characteristics and dynamic contrast-enhanced patterns, along with the index, were effective in distinguishing Xp11.2 RCC from ccRCC. MRI examination plays an essential role in the evaluation of RCC, offering advantages such as superior soft tissue contrast, multi-planar imaging capabilities, and the ability to assess tumor vascularity and invasion, thereby facilitating accurate diagnosis and treatment planning. In terms of MRI signal features, Xp11.2 RCC typically appears hyper- to isointense on T1WI and heterogeneously hypointense on T2WI, with restricted diffusion observed on DWI. However, when the tumor involves hemorrhage and lipid, the signal can be hybrid in both T1WI and T2WI. Tumor necrosis and hemorrhage are frequent occurrences in advanced stage patients and represent independent characteristics unrelated to age or tumor size (4, 27). In a comparative analysis, Liu et al. (28) reported that all Xp11.2 RCCs exhibited an infiltrative growth pattern, whereas Zhu et al. (29) found that all 6 Xp11.2 RCCs appeared as well-defined masses. Altinok et al. (16) discovered that 73% of pediatric Xp11.2 RCCs were associated with thick, fibrous capsules, and Zhu et al. (29) described a capsule sign with a clear edge in all 9 cases. Within our study, Xp11.2 renal carcinoma showed invasive growth, involving both the renal medulla and cortex, presenting as a heterogeneous mass with cystic components, calcifications, and hemorrhages, and revealing a visible pseudocapsule. The density and degree of tumor enhancement may be related to the compression of vasculature by fibrous tissues (27). Following contrast administration, the lesions exhibited a mild, prolonged enhancement pattern (30, 31). In this case, Xp11.2 RCC showed heterogeneous enhancement, likely attributed to the uniform microvessel area within the tumor (32).

Studies focusing on FDG-PET for RCC are scarce, primarily due to challenges in distinguishing the radioactivity of FDG accumulated in renal tumors from the radioactivity of FDG excreted via the urinary system during physiological processes. Moreover, false-negative cases can result in low sensitivity for RCC detection. Nonetheless, evidence suggests that FDG-PET, utilizing SUV, may play a role in predicting the pathological grade of renal tumors (33). Xp11.2 RCC is associated with an increased incidence of tumor thrombosis, lymph node metastasis, and later stages of disease (26). PET/CT staging demonstrates higher sensitivity compared to other imaging modalities. The PET/CT manifestations ofXp11.2 RCC exhibit significant hypermetabolic activity and consistently present varying degrees of renal vascular invasion, lymph node involvement, or distant metastasis. Further observation of the similarities and differences between PET/CT manifestations of Xp11.2 RCC and other types of renal cancers is warranted, particularly as more cases are accumulated.

Several studies have extensively investigated and documented the potential applicability of radiotracers beyond FDG for the purpose of characterizing and staging RCC (34–37). Leveraging the marked expression of carbonic anhydrase IX (CAIX) observed in 95% of ccRCC, the anti-CAIX monoclonal antibody girentuximab emerges as a promising candidate for ccRCC detection. In a study by Hekman et al. (37), 89Zr-girentuximab PET/CT emerged as an invaluable diagnostic tool, capable of guiding clinical decision-making when faced with diagnostic uncertainties related to ccRCC suspicion. The upregulation of the receptor tyrosine kinase c-MET in RCC demonstrates a correlation with overall survival in cases of metastatic disease (38). A novel PET ligand, 68Ga-EMP-100, rooted in a c-Met binding peptide, has been developed. Mittlmeier et al. (35) demonstrated the feasibility of visualizing c-MET expression using 68Ga-EMP-100, enabling effective clinicopathological staging in cases of metastatic RCC. Recent case reports have showcased the efficacy of 68Ga/18F-PSMA PET/CT in restaging recurrent renal cancer post-nephrectomy (34, 36). However, there remains an absence of documented experiences regarding the imaging of Xp11.2 RCC with specific radiotracers within the current literature. Recent investigations have highlighted the notable therapeutic impact of vascular endothelial growth factor receptor-targeted agents and mammalian target of rapamycin inhibitors in the treatment of metastatic Xp11.2 RCC (15, 39). Notably, radionuclide-labeled vascular endothelial growth factor receptor-targeted agents hold the potential to provide insightful contributions to the characterization, staging, and assessment of treatment response for Xp11.2 RCC. Further advancements in molecular imaging technologies and the development of novel tracers hold great promise in advancing the diagnosis and management of RCC, ultimately contributing to better patient outcomes and overall disease management.

Differentiating Xp11.2 RCC from other subtypes of renal cancer is crucial. Distinguishing features of ccRCC, such as necrosis and hemorrhage, often correlate with lymph node metastasis and renal vein infiltration, similar to those found in Xp11.2 RCC (40, 41). However, ccRCC stands out as a hyper-vascular tumor, displaying significantly greater enhancement in the corticomedullary phase. In contrast, Xp11.2 RCC exhibits less enhancement than ccRCC. Notably, overlapping morphological features between Xp11.2 RCC and pRCC are observed, as pRCC also tends to appear hypo-vascular. A well-differentiated papillary RCC (pRCC) is characterized by homogeneity, small size, regular shape, low-level enhancement, and a peripheral location. On T2-weighted imaging, pRCC typically presents as a mass with homogeneous low signal intensity, likely due to cytoplasmic or interstitial histiocytic hemosiderin deposition in the tumor cells (42, 43). Additionally, pRCC is considered a low-grade malignant tumor with a low likelihood of retroperitoneal lymph node metastasis and the formation of renal vein cancer emboli. In contrast, chromophobe RCC often localize peripherally and manifest as well-defined, large, solid masses without necrosis or calcification, frequently diagnosed at an early stage (44, 45).

The treatment for Xp11.2 RCC remains ill-defined. Radical surgical excision stands as the primary therapy for early-stage cases (46–48). Regarding adjuvant treatment, there is still no research elucidating the most optimal or reliable approach for individual patients (49, 50). Chemotherapy, such as sunitinib, can also be considered (51). However, regardless of the applied treatment, Xp11.2 RCC demonstrates a poorer prognosis (19, 52). Lifelong follow-up should be implemented, incorporating medical history, physical examination, laboratory tests, and imaging data, for a more accurate assessment of the patient’s prognosis. According to the study, T stage at presentation is the sole factor associated with both progression-free survival and overall survival in patients with Xp11.2 RCC (50, 53).



Conclusion

In conclusion, Xp11.2 RCC exhibits unique biological characteristics and is associated with an increased incidence of tumor thrombosis, lymph node metastasis, and advanced disease stages. Long-term follow-up is essential to monitor the likelihood of recurrence and metastasis. In this report, we present a case that may contribute to a better understanding of the disease for clinicians. 18F-FDG PET/CT examination can comprehensively visualize the lesion’s location and extent, providing a basis for clinical tumor staging and aiding in treatment monitoring and follow-up. To address the limitations of FDG, the utilization of specific tracers designed for RCC or tracers that are not excreted via the urinary system would be ideal. Further advancements in molecular imaging technologies and the development of novel tracers hold great promise in advancing the diagnosis and management of RCC, ultimately contributing to better patient outcomes and overall disease management.
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Neuroendocrine tumors (NETs) are a heterogeneous group of tumors originating from peptide-producing neurons and neuroendocrine cells. The liver is the most common site of metastasis for NETs, while primary hepatic neuroendocrine tumors (PHNETs) are exceedingly rare. While somatostatin receptor scintigraphy (SRS) has demonstrated superior efficacy compared to [18F]FDG PET imaging in the diagnosis of neuroendocrine tumors, [18F]AlF-NOTA-Octreotide ([18F]AlF-OC) PET/CT also exhibits specific advantages over SRS. This article presents a case study of a patient with a liver mass who underwent sequential [18F]FDG and [18F]AlF-OC PET/CT scans, ruling out hepatocellular carcinoma and confirming the diagnosis of PHNETs. Subsequently, the patient underwent surgical treatment. From another perspective, [18F]AlF-OC exhibits distinct advantages. The postoperative pathology revealed a PHNETs, which further emphasizes its clinical rarity.
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Introduction

Neuroendocrine tumors (NETs) are a heterogeneous group of tumors originating from peptide-producing neurons and neuroendocrine cells. They predominantly occur in the gastrointestinal tract, pancreas, and bronchopulmonary tissues. The liver is the most common site of metastasis for NETs, while primary hepatic neuroendocrine tumors (PHNETs) are exceedingly rare (1), accounting for only 0.8% of all NETs. The incidence of PHNETs is very low, accounting for only 0.46% of all primary liver tumors. These tumors typically occur in adults over 40, with a slightly higher prevalence in females than males.

PHNETs can occur as solitary or multiple lesions, and they typically present as large lesions with heterogeneous cystic and solid components. Common internal features include cystic changes and areas of necrosis, which contribute to the uneven density or signal characteristics observed. PET (Positron Emission Tomography) has the advantage of providing comprehensive information about the systemic tumor burden and the metabolic activity of the tumor. However, its diagnostic value for cystic lesions is limited. Numerous studies have demonstrated that Ga68 SSA-PET([68Ga]Ga-DOTANOC, [68Ga]Ga-DOTATOC, [68Ga]Ga-DOTATATE) imaging offers higher diagnostic accuracy for NETs (2–5). While 68Ga labeling has the advantage of eluting isotopes from a generator, fluorine labeling offers benefits like longer half-life, improved spatial resolution, higher production yield, and consistent advantages in imaging and logistics. [18F]AlF-OC demonstrates its advantages in certain aspects, particularly in diagnosing PHNETs.

Hepatic lobectomy is considered the most effective treatment for PHNETs. In some cases, a complete cure can be achieved through surgical intervention, leading to a favorable prognosis.

This article presents a case study of a patient with a liver mass who underwent sequential [18F]FDG and [18F]AlF-OC PET/CT scans, ruling out hepatocellular carcinoma and confirming the diagnosis of PHNETs. Subsequently, the patient underwent surgical treatment. In addition, a literature review was conducted to provide insights and guidance regarding treatment strategies for patients with PHNETs.



Case description

A 56-year-old female patient was found to have a liver mass during a physical examination on August 3, 2022. There is no previous history of chronic liver disease. Six years ago, she underwent a hysterectomy for uterine fibroids at a local hospital. On admission, no significant positive physical signs were detected during the examination. The results of the blood tests are as follows: Complete Blood Count (CBC), liver function, kidney function, electrolytes, and coagulation function are generally within normal ranges. The C-reactive protein (CRP) level is elevated at 25.7 mg/L. The hepatitis B panel shows positive results for anti-HBc, while the remaining parameters are negative. The testing for hepatitis C antibodies does not show any abnormalities. HIV and syphilis testing results are negative. On August 13, 2022, the patient underwent a contrast-enhanced abdomen CT, which revealed that the left lobe of the liver shows a clustered low-density mass with relatively clear borders. Within the mass, there are multiple rounded cystic areas with unclear boundaries. On the contrast-enhanced scan, the lesion demonstrates continuous enhancement. Additionally, the abdominal cavity has enlarged lymph nodes (Figure 1). A metastatic malignant tumor cannot be ruled out. On August 16, 2022, the patient underwent an [18F]FDG PET/CT scan, revealing a malignant tumor in the liver. Multiple clustered low-density lesions with heterogeneous enhancement are seen in the left lobe of the liver. The radioactive distribution is uneven with the maximum standardized uptake value (SUVmax) of 15.1, the mean standardized uptake value (SUVmean) of 9.3, and the tumor-to-normal (T/N) ratio of 2.9. The borders of the lesions are slightly indistinct. The largest lesion measures approximately 6.7 cm × 5.1 cm in cross-section. Multiple enlarged lymph nodes are observed in the hepatogastric ligament, showing increased radioactive distribution with an SUVmax of 16.9. The largest lymph node measures approximately 1.3 cm × 1.1 cm in cross-section (Figures 2A1–A8). According to the Barcelona Clinic Liver Cancer (BCLC) staging system, the patient is classified as stage B, which suggests treatment options such as transarterial chemoembolization (TACE), systemic therapy, or liver transplantation. However, since the patient’s A-fetoprotein (AFP) levels are not elevated, a diagnosis of hepatocellular carcinoma (HCC) cannot be confirmed. The possibility of a neuroendocrine tumor cannot be ruled out. So, on August 26, 2022, the patient underwent an [18F]AlF-OC PET/CT scan, which indicated a PHNET with abdominal lymph node metastasis. Multiple clustered and heterogeneous low-density lesions are observed in the left lobe of the liver, with SUVmax = 36.6, SUVmean = 16.3, and T/N = 4.0. The largest lesion measures approximately 8.3 cm × 6.6 cm in cross-section. Enlarged lymph nodes are visible in the hepatogastric ligament, showing increased radiotracer uptake with SUVmax = 37.9. The largest lymph node measures approximately 1.3 cm × 1.1 cm in cross-section (Figures 2B1–B8). The patient has been ultimately ruled out for hepatocellular carcinoma and metastatic liver neuroendocrine tumor, and the diagnosis is confirmed as PHNETs.

[image: Figure 1]

FIGURE 1
 (A1–A3) Arterial phase CT. (B1–B3) Venous phase CT: The yellow arrows indicate enhanced and enlarged lymph nodes between the liver and stomach. (C1–C3) MRI T1-weighted image. (D1–D3) MRI T2-weighted image. (E1–E3) Diffusion-weighted MRI. (F1–F3) MRI ADC map. (G1–G3) Gadoxetic Acid-enhanced (Primovist) MRI.
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FIGURE 2
 (A1–A8) [18F]FDG PET/CT scan. Multiple hypermetabolic heterogeneous lesions are present in the left lobe of the liver, indicating possible malignant lesions. Additionally, multiple hypermetabolic enlarged lymph nodes are seen in the space between the liver and stomach, suggesting metastasis. (B1–B8) [18F]AlF-OC PET/CT scan. A liver mass with multiple enlarged lymph nodes in the hepatogastric ligament shows high somatostatin receptor expression.


On August 30, 2022, the patient underwent a left hepatectomy, cholecystectomy, adhesiolysis for intestinal obstruction, partial gastrectomy, and intra-abdominal lymph node dissection under general anesthesia with endotracheal intubation. A firm mass was observed in the left liver lobe. Multiple enlarged lymph nodes were palpated along the lesser curvature of the stomach, showing a close relationship with the gastric wall, suggesting invasion into the gastric wall. Gastric wall resection and lymph node excision were performed. The surgery lasted approximately 310 min, with an estimated blood loss of about 200 mL. No blood transfusion was required.

Postoperative pathology report: The left hemi-liver specimen reveals a malignant tumor (Figure 3A). Immunohistochemical analysis confirms it is a neuroendocrine tumor (NET, G3). The immunohistochemical markers show positive staining for Synaptophysin (Syn), CD56, CK19, and partially positive staining for Chromogranin A (CgA) and CK7. The markers HepPar-1, Glypican-3, CD10 are negative. Blood vessel staining with CD34 is positive. The Ki-67 proliferation index is 30% (Figures 3B–I).

[image: Figure 3]

FIGURE 3
 (A) Postoperative liver tumor. (B–I) Tumor pathology.




Discussion

NETs are a diverse group of tumors originating from neuroendocrine cells that can uptake and decarboxylate amine precursors. While commonly found in the stomach, intestines, and pancreas, the pancreas remains the most frequent site of occurrence. PHNETs, on the other hand, are relatively uncommon (1). PHNETs present a challenge regarding their non-specific clinical symptoms and limited diagnostic specificity through imaging examinations. Furthermore, the homogeneous nature of NETs poses challenges in differentiating between PHNETs and metastatic NETs in the liver.

Due to the limitations of conventional anatomical imaging techniques, the specific endocrine features of PHNETs cannot be easily visualized. As a result, distinguishing PHNETs from HCC can be challenging (6, 7). The overexpression of somatostatin receptors (SSTR) is a prominent feature of NETs. This provides a crucial target for diagnosing NETs and peptide receptor radionuclide therapy (PRRT), which utilizes peptide-receptor interactions for targeted treatment (8). PET imaging offers advantages such as high sensitivity and spatial resolution. Conventional [18F]FDG glucose metabolism PET/CT imaging plays a crucial role in clinically diagnosing and treating tumors. Furthermore, PET/CT targeted imaging using radiolabeled tumor-specific markers is vital for precise tumor diagnosis, staging, and personalized treatment planning. Commonly used radiolabels include [18F]F, [68Ga]Ga, and [11C]C.

In recent years, [68Ga]Ga-labeled somatostatin analogs (SSAs) for diagnosis and treatment have been increasingly widespread in clinical practice. Currently, commonly used in clinical practice are [68Ga]Ga SSA-PET, such as [68Ga]Ga-DOTATATE, [68Ga]Ga-DOTATOC, and [68Ga]Ga-DOTANOC, which have become the gold standard for the diagnosis of NETs (9, 10). However, [68Ga]Ga SSA-PET have their limitations, such as the higher positron energy of 68Ga, which can lead to inferior image quality compared to 18F. The advantages of [18F]AlF-OC include its shorter synthesis time, strong affinity to SSTR, good stability, and excellent imaging performance in neuroendocrine tumors (11). It significantly improves the tumor-to-background ratio, making the lesions more clearly visible.

In this article, despite the utilization of [18F]FDG PET/CT examination, the specific type of liver tumor remained indeterminate. However, the diagnosis was ultimately established using [18F]AlF-OC, enabling the development of a treatment plan primarily centered around surgical resection. This approach prevented misdiagnosis and ensured appropriate action (12).

Surgical resection remains the primary approach for treating primary lesions of NET G1 and G2. Preoperative evaluation should encompass various aspects, including tumor size, non-specific symptoms, endocrine function, the location of the primary lesion, and the extent of local invasion. Hepatic lobectomy is considered the most effective treatment for PHNETs, and in some cases, surgical intervention can lead to a complete cure with a favorable prognosis (13). Additionally, liver transplantation can be a viable option for select patients with PHNETs. Patients meeting certain criteria, such as well-differentiated NETs (Ki-67 < 10%), age < 55 years, absence of extrahepatic disease, complete resection of the primary tumor before transplantation, at least 6 months of disease stability before transplantation, and liver involvement <50%, can benefit from liver transplantation. Moreover, for unresectable PHNETs, TACE has shown promising therapeutic efficacy due to the rich vascularity and ischemia sensitivity of neuroendocrine tumors.



Conclusion

In conclusion, PET/CT imaging, particularly with [18F]AlF-OC, plays a crucial role in diagnosing and managing PHNETs. The advantages of [18F]AlF-OC, including its shorter synthesis time, strong affinity to somatostatin receptors, and excellent imaging performance, contribute to improved visualization and accurate assessment of PHNETs. [18F]AlF-OC has significantly enhanced the tumor-to-background ratio, leading to a clearer identification of lesions. This imaging modality has proven valuable in guiding treatment decisions and avoiding misdiagnosis in challenging cases. Continued research and development in PET/CT imaging techniques, including using radiolabeled tracers, will further advance the field and improve patient outcomes in the management of PHNETs.
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Background: Angiosarcoma, a rare endothelial-origin tumor, can develop throughout the body, with the head and neck skin being the most commonly affected areas. It can also originate in other sites such as the breast, iliac artery, and visceral organs including the liver, spleen, and kidneys. Angiosarcoma of the bone is remarkably rare, presenting as either unifocal or multifocal bone lesions and often leading to a grim prognosis. Diagnosing bone angiosarcoma poses a significant challenge. 18F-FDG PET/CT serves as a reliable and indispensable imaging modality for evaluating distant metastases and clinically staging angiosarcomas.

Case report: A 57-year-old woman presented with a 10-day history of dizziness and headaches. Cranial CT scan revealed bone destruction of the parietal bone, accompanied by soft tissue lesions, protruding into the epidural space. MRI examination demonstrated lesions with slightly elevated signal intensity on T2FLAIR, showing moderate enhancement. Furthermore, multiple foci were observed within the T12, L1-5, and S1-2 vertebrae, as well as in the bilateral iliac bones. For staging, 18F-FDG PET/CT was performed. The MIP PET showed multifocal FDG-avid lesions in the sternum, bilateral clavicles, bilateral scapulae, multiple ribs, and pelvic bones. Heterogeneous FDG uptake was observed in multiple bone lesions, including intracranial (SUVmax = 11.3), right transverse process of the T10 vertebra (SUVmax = 5.8), ilium (SUVmax = 3.3), and pubis (SUVmax = 4.7). The patient underwent surgical resection of the cranial lesion. The pathological diagnosis was made with a highly differentiated angiosarcoma.

Conclusion: Angiosarcoma of bone on FDG PET/CT scans is characterized by abnormal FDG uptake along with osteolytic destruction. This case highlights that angiosarcoma of bone can manifest as multicentric FDG uptake, resembling the pattern seen in multiple myeloma. FDG PET/CT can be a useful tool for staging this rare malignant tumor, offering the potential to guide biopsy procedures toward the most metabolically active site. And it should be considered in the differential diagnosis of multiple osteolytic lesions, including metastatic carcinoma, multiple myeloma, and lymphoma of bone.
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Introduction

Angiosarcoma is a rare endothelial-origin tumor that can develop in the whole body (1). The most commonly affected areas are the head and neck skin. Other sites where may originate include the breast, iliac artery, and visceral organs such as the liver, spleen and kidneys (2–7). Angiosarcoma of the bone is remarkably rare, constituting less than 1% of all primary bone sarcomas, predominantly occurring between the ages of 50 and 70 (8, 9). It can manifest as either unifocal or multifocal bone lesions and typically heralds a bleak prognosis (10, 11). Diagnosing angiosarcoma of the bone poses a considerable challenge and represents the malignant end of the CD31/ERG positive vascular tumors spectrum, encompassing hemangiomas, hemangioendotheliomas, as well as well-differentiated and poorly differentiated angiosarcomas (12).

Fluorine-18 fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) stands as a dependable and indispensable imaging modality for assessing distant metastases and clinically staging angiosarcomas (13). In an effort to enrich comprehension of this rare neoplasm, we present a case study delineating the 18F-FDG PET/CT imaging manifestations in a patient afflicted by multicentric angiosarcomas of the bone, marked by a challenging clinical diagnosis.



Case presentation

A 57-year-old woman presented with a 10-day history of dizziness and headaches. Cranial CT scan revealed bone destruction of the parietal bone, accompanied by soft tissue lesions, with the largest measuring approximately 3.6 × 2.7 × 2.0 cm, protruding into the epidural space (Figures 1A,B). MRI examination demonstrated lesions with slightly elevated signal intensity on T2FLAIR (Figure 1C), showing moderate enhancement (Figure 1D). Furthermore, multiple foci were observed within the T12, L1-5, and S1-2 vertebrae, as well as in the bilateral iliac bones. These exhibited irregular signal patterns on fat-suppressed T2WI and mild enhancement (Figures 1E,F).
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FIGURE 1
 Computed tomography (CT) and magnetic resonance (MR) images of multicentric angiosarcomas of bone. Sagittal and coronal CT image revealed bone destruction of the parietal bone (A), accompanied by soft tissue lesions (long arrows), with the largest measuring approximately 3.6 × 2.7 × 2.0 cm, protruding into the epidural space (B). MRI examination demonstrated lesions with slightly elevated signal intensity on T2FLAIR (C, long arrows), showing moderate enhancement on Fat-sat Gd-T1WI (D). Multiple foci were observed within the T12, L1-5, and S1-2 vertebrae, as well as in the bilateral iliac bones. These exhibited irregular signal patterns on fat-suppressed T2WI (E, long arrows) and mild enhancement on Fat-sat Gd-T1WI (F).


For staging, 18F-FDG PET/CT was performed (Figures 2A–J). The MIP PET showed multifocal FDG-avid lesions in the sternum, bilateral clavicles, bilateral scapulae, multiple ribs, and pelvic bones. Sagittal images of the spine revealed the presence of multiple bone-destroying lesions, with the highest FDG uptake detected in the T6 vertebra (SUVmax = 7.6). Heterogeneous FDG uptake was observed in multiple bone lesions, including intracranial (SUVmax = 11.3), right transverse process of the T10 vertebra (SUVmax = 5.8), ilium (SUVmax = 3.3), and pubis (SUVmax = 4.7).
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FIGURE 2
 18F-FDG PET/CT images of multicentric angiosarcomas of bone. The anteroposterior 3-dimensional maximum intensity projection image (MIP) revealed multifocal FDG-avid lesions in the sternum, bilateral clavicles, bilateral scapulae, multiple ribs, and pelvic bones (A). Sagittal images of the spine revealed the presence of multiple bone-destroying lesions (long arrows), with the highest FDG uptake detected in the T6 vertebra (B, SUVmax = 7.6). Heterogeneous FDG uptake was observed in multiple bone lesions (arrowheads), including intracranial (C,D, SUVmax = 11.3), right transverse process of the T10 vertebra (E,F, SUVmax = 5.8), ilium (G,H, SUVmax = 3.3), and pubis (I,J, SUVmax = 4.7).


The patient underwent a bone marrow aspiration biopsy, which showed active proliferation of bone marrow tissue and the presence of granulocyte lineage, thereby ruling out the diagnosis of multiple myeloma. Subsequently, the patient underwent surgical resection of the cranial lesion. Hematoxylin and eosin staining revealed irregular vascular channels and hyperplasia of atypical cells arranged in a diffuse sheet-like growth pattern (Figure 3A). Immunohistochemical staining showed positive expression of CD31 (Figure 3B), CD34 (Figure 3C), ERG, FLI-1 (Figure 3D), and SMA. The pathological diagnosis was made with a highly differentiated angiosarcoma.
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FIGURE 3
 Histopathological and immunohistochemical images. Hematoxylin–eosin (HE) staining (magnification × 200) revealed irregular vascular channels and hyperplasia of atypical cells arranged in a diffuse sheet-like growth pattern (A). Immunohistochemistry showed that the positive expression of CD31 (B), CD34 (C) and FLI-1 (D) of the tumor cells (magnification × 200).




Discussion

Angiosarcomas, highly aggressive and exceptionally rare within the spectrum of sarcomas, represent less than 1% of all sarcomas (4). These sarcomas predominantly afflict elderly men, with over 50% of cases manifesting in the cutaneous and soft tissues of the head and neck. The remaining occurrences of angiosarcomas may emerge from various sites, including the breast, soft tissues, bones, and visceral organs such as the liver and spleen (1, 4, 14, 15). Long-term sun exposure, radiation exposure, genetic predispositions, environmental factors, and trauma have been implicated in the development of angiosarcoma (16).

Vascular bone tumors encompass a spectrum of clinicopathological entities, ranging from benign hemangiomas at one end to angiosarcomas at the other (8, 17). Compared to hemangiomas, recognized as benign tumors, epithelioid hemangioendothelioma represents a low-grade malignancy, and hemangioendothelioma occupies the intermediate category, while angiosarcoma emerges as a high-grade malignancy (18). Angiosarcoma of bone may present as unifocal or multifocal disease, potentially affecting any bone. In the majority of cases, angiosarcoma of bone occurs in long bones and short tubular bones, most frequently observed in the femur, tibia, and humerus, followed by the pelvis, ribs, and vertebrae (8, 17). It can consist of multiple lesions within a single bone, affecting the same extremity, or spreading throughout the skeleton (8, 10, 11, 19). Clinical manifestations typically involve bone pain, pathologic fractures, and hypercalcemia. In our case, the sternum, bilateral clavicles, bilateral scapulae, multiple ribs, and pelvic bones demonstrated multicentricity of the tumor.

The diagnosis of angiosarcoma heavily relies on biopsy findings, with neoplastic cells demonstrating endothelial differentiation of vascular or lymphatic origin. Angiosarcomas exhibit varying histologic presentations, ranging from well-differentiated to poorly differentiated tumors. Histologic characteristics span from abnormal endothelial cells retaining some degree of well-differentiated vascular architecture to poorly differentiated sheets of abnormal cells with substantial hemorrhage and necrosis (16, 20). The most prevalent histological feature observed was the presence of intracytoplasmic vacuoles, either containing erythrocytes or empty. Additionally, the identification of three or more mitoses per 10 high-power fields (HPF), the presence of a macronucleolus, and fewer than five eosinophilic granulocytes per 10 HPF serve as prognostic risk factors. The presence of all three risk factors in a single lesion decreases the 5-year survival rate to 0% (8). Immunohistochemistry plays a vital role in identifying poorly differentiated tumors. Positive staining for the ERG endothelial marker, factor VIII, CD31, FLI-1, CD99, S-100 protein, STAT6, SMA, and the Ki-67 proliferation marker is characteristic for angiosarcomas. Expression of these markers confirms the endothelial phenotype of malignant vascular tumors. Definitive identification relies on immunohistochemistry demonstrating vascular and endothelial markers, such as CD31, CD34, FLI-1, and ERG. Our patient’s tumor displayed positivity for all these markers, with CD31 often considered the most specific marker for vascular bone tumors (8, 21, 22).

The integrated 18F-FDG PET/CT stands as the foremost functional and metabolic imaging technique, delivering clinicians with comprehensive and precise information at present (23, 24). On FDG PET scans, angiosarcoma typically exhibits increased FDG uptake, and PET/CT is a valuable tool for staging angiosarcoma and assessing distant metastases (5–7, 10, 25–29). Chen et al. (30) conducted a retrospective study involving 19 pathologically diagnosed angiosarcoma cases before treatment, examining the relationship among clinical characteristics, laboratory examinations, 18F-FDG PET/CT parameters, and the prognosis of angiosarcoma. In comparison to conventional imaging, systemic 18F-FDG PET/CT, with its high sensitivity and specificity, presents significant advantages in the evaluation of angiosarcoma, particularly in the detection of occult metastases like those in bone marrow, subcutaneous tissue, liver, and even hydrothorax and ascitic fluid. The SUVmax of angiosarcoma correlates with histopathological tumor grade (27). An increasing SUVmax is associated with a worse prognosis, can be a valuable noninvasive prognostic marker (6). Lee et al. (28) observed that the degree of FDG uptake, as reflected by SUVmax, served as a prognostic indicator for patients with vascular tumors. Using a cutoff SUVmax of 3.0, the 2-year progression-free survival rate was notably higher in the 14 patients with a tumor SUVmax <3.0 (75.0%) compared to the 12 patients with a tumor SUVmax ≥3.0 (0%) (p = 0.0053). In a study of 16 angiosarcoma cases by Kato et al. (27), higher SUVmax, MTV, whole-body TLG, TBR, and whole-body TLG ratio significantly correlated with poorer overall survival in patients evaluated by 18F-FDG PET/CT before treatment. Umemura et al. (29) conducted an early prognosis assessment of 18 cases of cutaneous angiosarcoma using PET/CT, noting that those with higher SUVmax at the initial diagnosis experienced a markedly poorer prognosis compared to those with a lower SUVmax.

The prognosis of angiosarcomas is notably poor (19), with frequent occurrences of both local recurrence and distant metastasis (31, 32), typically resulting in a reported 5-year survival rate of approximately 31–33% (8, 33). Angiosarcoma manifesting in bone exhibits a significantly bleaker prognosis compared to general angiosarcoma, with a 5-year survival rate of 20% and an approximate median survival time of 10 months (34, 35). Wang et al. (11) observed that the prognosis of malignant bone angiosarcoma was notably worse than that of malignant vascular tumors, with a median overall survival (OS) of merely 9 months. Age, stage, and the utilization of surgery stand as independent prognostic factors for patients with bone angiosarcoma (11, 36, 37). Managing angiosarcoma poses a considerable clinical challenge due to both the aggressive nature of the tumor and the limited evidence guiding treatment modalities and agents. Treatment strategies for angiosarcomas are contingent on the stage and location. Surgical resection remains the primary therapeutic approach for localized disease, although achieving negative margins can be challenging due to the infiltrative nature of the ailment. A multidisciplinary approach, involving surgery, radiation, chemotherapy, and potentially recent immune-oncology agents, can yield positive outcomes (38). Studies have suggested that bone angiosarcoma treated with surgery alone or in combination with radiotherapy exhibits better outcomes compared to cases treated with radiotherapy alone or without therapy. Due to the endothelial origin of angiosarcomas, there is a growing interest in employing antiangiogenic agents for this tumor. Research has explored various agents, including bevacizumab, a monoclonal antibody targeting vascular endothelial growth factor-A; TRC105, a monoclonal antibody against endoglin; trebananib, a neutralizing peptibody to angiopoietin-1/2; and vascular endothelial growth factor receptor inhibitors such as pazopanib, sorafenib, and axitinib (16).



Conclusion

In conclusion, we offer a case study detailing the 18F-FDG PET/CT imaging manifestations in a patient affected by multicentric angiosarcomas of the bone. Angiosarcoma of bone on FDG PET/CT scans is characterized by abnormal FDG uptake along with osteolytic destruction. This case highlights that angiosarcoma of bone can manifest as multicentric FDG uptake, resembling the pattern seen in multiple myeloma. FDG PET/CT can be a useful tool for staging this rare malignant tumor, offering the potential to guide biopsy procedures toward the most metabolically active site. And it should be considered in the differential diagnosis of multiple osteolytic lesions, including metastatic carcinoma, multiple myeloma, and lymphoma of bone.
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Case Report: Long-term metabolic response of metastatic uveal melanoma to pembrolizumab on FDG-PET/CT despite a serial pseudoprogressions phenomenon
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Uveal melanoma (UV) is a rare and aggressive melanoma with poor 1-year survival. up to 50% of UV patients develop metastases, mainly to the liver. Here, the authors present a 2-deoxy-2-[18F] fluoro-D-glucose positron emission tomography (18F-FDG-PET) study of a very rare case of secondarily metastatic UV in an 81-year-old Caucasian with a dramatic response to pembrolizumab associated with serial pseudogression. 18F-FDG-PET associated with clinical status and peripheral blood derived neutrophil-to-lymphocyte ratio (dNLR) were performed to guide therapeutic strategy due to an atypical pseudoprogression phenomenon.
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Introduction

Uveal melanoma (UV) accounts for less than 5% of all melanomas (1). Although UV arises from uveal melanocytes, it differs from cutaneous melanoma (CM) in its oncogenic drivers, development, and tumor microenvironment, with different molecular drivers and a cold tumor microenvironment compared to CM (2, 3). These differences likely contribute to a poor clinical response to systemic therapy, including immune checkpoint inhibition (ICI), which rarely induces durable remissions in patients with metastatic UV (4–6). Up to 50% of patients with UV develop metastases, primarily to the liver (7, 8), which affects prognosis with a median overall survival of approximately 1 year (9).





Case description

We present the case of an 81-year-old Caucasian man with a previous medical history of non-mutated right eye UV (BRAF/NRAS/c-Kit wild-type), treated by surgery 16 years ago and in complete remission since then. He was referred to our oncology department because of a histologically proven unresectable liver recurrence, which was detected by ultrasound as part of the surveillance performed since surgery.

A 2-deoxy-2-[18F] fluoro-D-glucose positron emission tomography (FDG-PET/CT) scan was performed for stating and showed pathological hypermetabolism (SUVmax 5.7) in a large isolated right hepatic hypodense area with no other lesions, particularly locoregional lymph nodes. A complementary magnetic resonance imaging (MRI) scan of the brain showed no metastasis. A pre-therapeutic work-up including lactate dehydrogenase (LDH) assay (assessed as 165 u/l, i.e. within the norm) (10–12) and peripheral blood derived neutrophil-to-lymphocyte ratio (dNLR) was calculated with a favorable score of 2.15 (<3) (13), classifying the disease as having a favorable immune prognostic index (IPI) (14). Anti PD-1 immune checkpoint inhibitor (ICI) therapy with pembrolizumab every 3 weeks was initiated (15).

After 3 cycles of pembrolizumab, FDG-PET/CT (Figure 1B FDG-PET MIP, Figure 1E Axial FDG-PET/CT: assessment after cycle 3 of pembrolizumab) was in favor of unconfirmed progressive metabolic disease (uPMD) according to iPERCIST criteria (16, 17) with an increase of 34% in lean body mass corrected SUV peak (SULpeak) (>30%) compared to baseline (Figure 1A FDG-PET MIP, Figure 1D Axial FDG-PET/CT: initial staging), without new hypermetabolism. After 2 new cycles of pembrolizumab, a close evaluation was performed in order not to confirm or not a proven progression. The result showed a decrease in SULpeak of more than 15%, confirming a pseudoprogression (PsPD) (Figure 1C FDG-PET MIP, Figure 1F Axial FDG-PET/CT: assessement after cycle 5 of pembrolizumab). In parallel with this episode of PsPD, the patient developed rheumatoid arthritis grade 2 according to the Common Terminology Criteria for Adverse Events (CTCAE - version 5.0) classification (18), which resolved rapidly with short-term corticosteroid therapy.




Figure 1 | FDG-PET first pseudoprogression : (A, D: MIP and Axial baseline), (B, E : MIP and Axial unconfirmed progressive metabolic disease (uPMD) with 28% increase in SULpeak of the main lesion, (C, F: MIP and Axial confirming a pseudoprogression (PsPD).



The disease remained stable for more than 1 year with excellent clinical tolerability (Figure 2A FDG-PET MIP, Figure 2D Axial FDG-PET/CT). After 21 cycles of pembrolizumab, a PET scan showed a 28% increase in SULpeak of the main lesion and the appearance of 2 new lesions (Figure 2B FDG-PET MIP, Figure 2E Axial FDG-PET/CT, arrows SUVmax 6,7 and 6,9), consistent with progression according to PERCIST criteria (19). Given the good general condition and excellent tolerability of the patient, it was decided to continue treatment until cycle 23. At the same time, a liver biopsy was performed, which revealed the presence of disease without specific lymphocytic infiltrate. The early re-assessment (Figure 2C FDG-PET MIP, Figure 2F Axial FDG PET-CT) showed a further 15% decrease in SULpeak with the disappearance of the 2 new hypermetabolisms seen on the previous scan thus corresponding to a uPMD according to iPERCIST criteria (16, 17).




Figure 2 | FDG-PET second pseudoprogression : (A, D: MIP and Axial disease stable before progression), (B, E : MIP and Axial disease progression according to PERCIST criteria with 28% increase in SULpeak of the main lesion and the appearance of 2 new lesions), (C, F: MIP and Axial confirming a pseudoprogression (PsPD) with 15% decrease in SULpeak with the disappearance of the 2 new hypermetabolisms corresponding to a uPMD according to iPERCIST criteria.



The disease remained stable for more than 3 months with excellent clinical tolerability (Figure 3A FDG-PET MIP, Figure 3D Axial FDG-PET/CT). After 34 cycles of pembrolizumab, a PET scan showed a 27% increase in SULpeak of the main lesion and the recurrence of the 2 previous lesions (Figure 3B FDG-PET MIP, Figure 3E Axial FDG-PET/CT, arrows SUVmax 5,1 and 5,8) described in Figure 2, consistent with progression (19). Once again, it was decided to continue treatment until cycle 38. The early re-assessment showed a stable SULpeak with renewed disappearance of the 2 hypermetabolisms seen on the previous scan (Figure 3C FDG-PET MIP, Figure 3F Axial FDG-PET/CT).




Figure 3 | FDG-PET MIP third pseudoprogression (A, D: MIP and Axial disease stable before progression), (B, E : MIP and Axial disease progression according to PERCIST criteria with 27% increase in SULpeak of the main lesion and the recurrence of the 2 previous lesions), (C, F: MIP and Axial confirming a pseudoprogression (PsPD) with a stable SULpeak with renewed disappearance of the 2 hypermetabolisms seen on the previous scan.



Finally, 3 months after cycle 38 of ICI treatment, the patient presented confirmed disease progression, with an unequivocal metabolic increase in the main lesion of the hepatic dome and the appearance of multiple other FDG-avid liver metastasis. A new line of treatment was proposed with tebentafusp (20). Disease control with pembrolizumab lasted a total of 28months in this patient.





Discussion

This case showed a dramatic response to anti PD1 (28 months) but also a series of PsPD (3 times), which is exceptional because it is the first reported in UV and the second reported in melanoma (21). However, the first published report concerned a 2 times PsPD in a metastatic (liver and bone) CM, treated with nivolumab. Indeed, they found a 118% increase in the size of liver lesion after 3 months starting nivolumab followed by regression; then the appearance of a peritoneal nodule at 8 months, which decreased at 12 months.

ICI immunotherapy has revolutionized cancer management, but it soon became apparent that a subset of patients treated with ICI had an atypical tumor response profile, either after an increase in tumor burden or after the appearance of new lesions, a phenomenon known as pseudoprogression disease (PsPD), which is classified as progressive disease by conventional response criteria (RECIST in CT and PERCIST in PET) (22). Several teams have developed different criteria to take into account this specificity associated with the immune response, such as in conventional imaging the immune-related response criteria (irRC) (23), the immune-related solid tumor response evaluation criteria (irRECIST) (24, 25) and iRECIST (26); and in PET imaging the iPERCIST and imPERCIST criteria (16, 17, 27).

Park et al. reported in a meta-analysis that the incidence of PsPD in clinical trials assessing immunotherapy was 6.0%. PsPD is defined as progressive disease followed by stable disease or partial or complete response (28). The incidence of PsPD by tumor type was 6.4% for melanoma, 5.0% for non-small cell lung cancer and 7.0% for genitourinary cancer. The incidence of PsPD with PD-1/PD-L1 inhibitors alone was 5.7% (95% CI: 4.8%, 6.6%), while it was estimated at 9.7% with anti-CTLA-4 (28).

In an analysis of 32 patients with a variety of tumors, Monch et al. studied the characteristics of PsPD, relatively concordant with our case report. They found that PsPD occurs in 81% of cases after the first treatment response assessment as immune unconfirmed progressive disease (iUPD), with a tumor burden growth regularly below +100%. PsPD was associated with a significant increase in progression of both targeted and non-targeted lesions. LDH levels in PsPD patients were normal in most cases and 40% of patients with PsPD had adverse events (29).

The CD3+, CD4+, CD8+, TIA1+ and granzyme B+ lymphoid infiltrate found in the tumor biopsy could be a strong argument in favor of PsPD (30, 31). In our case, we did not perform a biopsy at the time of the first PsPD because we believed that this phenomenon was well known in literature and that an early re-assessment could spare the patient an invasive procedure. Nevertheless, a biopsy was performed at the time of the second PsPD episode, a rare situation as above mentioned. But it did not show a particularly large lymphoid infiltrate, which could be explained by the fact that the specimen was not infiltrated by lymphocytes.

In contrast, we had performed biological monitoring based on the number of leukocytes and neutrophils in peripheral blood during treatment to calculate dNLR (32) and LDH (10–12). As shown in Figure 4, normal LDH levels, dNLR <3 and IPI score were associated with maintenance of good overall clinical status throughout treatment, suggesting ongoing activation of antitumor immune responses that may lead to this phenomenon of serial PsPD. However, this biological monitoring does not appear to be as robust as measuring circulating ctDNA to distinguish PsPD from proven progression. Indeed, Lee et al. demonstrate that ctDNA profiles can accurately differentiate PsPD from true disease progression in melanoma patients treated with anti PD-1 therapy, with a sensitivity of 90% (95% CI, 68%-99%) and a specificity of 100% (95% CI, 60%-100%) for predicting PsPD (33).




Figure 4 | FDG-PET therapeutic response assessment with biological parameters.



Finally, the choice of interpretation criteria in the context of ICI immunotherapy is critical. Although the RECIST V.1.1 criteria are the gold standard for assessing treatment response, progression or stable disease in patients with solid tumors following cancer therapy (22), they do not take into account unconventional response patterns, such as PsPD in ICI therapy.

To date, the two main RECIST1.1-derived and immunotherapy-adapted assessment criteria used in clinical practice for morphological imaging are irRECIST and iRECIST. Nishino et al. proposed the irRECIST criteria, a system based on unidimensional assessment and a lower number of target lesions than the RECIST 1.1 criteria (24). The main difference between irRECIST and RECIST 1.1 is how new lesions are included in response assessment. In contrast to RECIST 1.1, where new lesions are immediately equated with PD, irRECIST includes new lesions in the total measured tumor burden (TMTB). This method ensures that potentially effective treatment is not interrupted when new lesions appear (34). In addition, a comparison of the 2 criteria for evaluating immunotherapy showed a discrepancy of 8.3% (35). Confirmation of progression is recommended for patients with a minimal increase in TMTB of more than 20%, particularly during the first 12 weeks of treatment, in order to distinguish PsPD from progression (24, 25).

The iRECIST criteria are similar to RECIST 1.1 and irRECIST in terms of recommended imaging modalities, definitions of measurable lesions and target lesions. However, target and non-target lesions are not counted together. Therefore, unlike irRECIST, they are not added to the largest dimension of all target lesions (26). Once iUPD has been identified, re-assessment should be carried out 4 to 8 weeks later to allow for continuity of treatment, but also for salvage therapy, if necessary (34).

In this case, we used FDG-PET/CT to assess treatment response, as recommended by French and European guidelines (36, 37). As with functional imaging, PERCIST-based criteria adapted to immunotherapy have been developed, the most recent being iPERCIST and imPERCIST (16, 27). It has been shown that while imPERCIST reduces the overdiagnosis of progressive disease, new lesions in patients with partial metabolic response or stable metabolic disease were ultimately found to be metastases in 55% of cases. Thus, the prognosis for patients whose target lesions are shrinking or stable but who develop new lesions appears indeterminate. Therefore, histological confirmation by biopsy should be considered before changing treatment (27).

This case highlights the usefulness of a combined clinical-biological and FDG-PET/CT approach in assessing response to ICI and also suggests that the appearance of a new hypermetabolic lesion should not routinely be equated with ICI treatment failure.
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Hepatic perivascular epithelioid cell tumors (PEComas) are rare interstitial tumors that are often misdiagnosed as hepatocellular carcinomas due to their unique vascular enhancement patterns. Herein, we present a case of a 61-year-old man who was incidentally found to have a lesion in the left medial segment of the liver during a chest computed tomography (CT) examination performed 4 days prior to his presentation for chest discomfort. Imaging revealed solid components with density similar to that of normal liver tissue and areas of low-density adipose tissue within the lesion. The solid components exhibited increased uptake of fluorine-18 fluorodeoxyglucose on positron emission tomography/CT. Magnetic resonance imaging demonstrated areas with unevenly high signal intensity in both T1-weighted imaging (T1WI) in-phase and T2-weighted imaging (T2WI) sequences, while T2WI in the opposite phase displayed areas with unevenly low signal intensity, indicating the presence of fatty components. Contrast-enhanced T1WI displayed a “fast in and fast out” enhancement pattern. These distinct imaging features contribute to the diagnosis of hepatic PEComas and distinguish it from hepatocellular carcinoma.
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Introduction

Perivascular epithelioid cell tumors (PEComas) are a group of mesenchymal tumors with histological and immunohistochemical features characterized by the coexpression of perivascular epithelioid myoid cells and melanocyte markers (1). PEComas are a family of tumors that includes angiomyolipomas, lymphangiomyomatosis, lung clear-cell glycomas, clear-cell myomelanocyte tumors, and clear-cell tumors that occur rarely in the pancreas, rectum, bone, and soft tissue (2). PEComas can occur in various parts of the body, especially in the genitourinary system, which accounts for approximately 40% of cases, followed by lung, pancreas and so on (2). In recent years, reports of hepatic PEComas have increased with increasing attention to the disease (3, 4). The incidence of PEComas in the liver is approximately six times higher in women than in men, with a wide age range and a peak incidence in young and middle-aged individuals (5). Patients typically do not exhibit obvious clinical symptoms, and most of them seek medical attention due to incidental findings from routine physical examinations or discomfort caused by the compression effect of large masses (6). Herein, we present the diagnosis and treatment of a patient with hepatic PEComa, focusing on the imaging features and differential diagnosis, with the hope of raising awareness regarding this rare disease.



Case presentation

A 61-year-old man was admitted to the hospital following the discovery of liver lesions during a chest computed tomography (CT) examination, which had been performed due to chest discomfort 4 days prior. He had no history of hypertension, diabetes, hepatitis, tumors, trauma, or prior surgery. His family also denied any history of tumors or genetic problems; physical examination revealed no positive signs. Laboratory examination showed that except for a slight elevation of total bilirubin (37.5 μmol/L, normal: 5–21 μmol/L) and direct bilirubin (7.9 μmol/L, normal: 0–3.4 μmol/L), other laboratory indicators including blood routine and serum tumor markers of digestive system were within the normal reference value range. CT examination revealed a mixed density nodule approximately 2.0 cm × 1.8 cm in size in the medial segment of the left hepatic lobe. On magnetic resonance imaging (MRI as shown in Figure 1), the lesion presented uneven short T1 and long T2 signals, with a clear “fast in and fast out” appearance on contrast-enhanced scans. Based on these imaging findings, the patient was initially suspected of hepatocellular carcinoma. To determine the best course of treatment, the patient underwent a positron emission tomography (PET)/CT examination (PET/CT imaging presented in Figure 2), which revealed increased fluorine-18 fluorodeoxyglucose (18F-FDG) uptake in the lesion, while no significant abnormal radioactive uptake was observed throughout the rest of the body. Subsequently, the patient underwent surgical resection of the lesion under general anesthesia. The excised tumor tissue was sent for histopathological examination; under a microscope, it showed a grayish-red color. The tumor cells as shown in Figure 3 were composed of epithelioid cells rich in transparent cytoplasm and eosinophilic granules. Immunohistochemistry showed that the tumor cells positively expressed HMB45, melan-A, smooth muscle actin (SMA), and calponin. However, they were negative for hepatocyte, microphthalmia-associated transcription factor (MITF), anaplastic lymphoma kinase (ALK), S100, and Ki-67, with a positive index of approximately 10%. Based on the pathological and immunohistochemical results, the patient was diagnosed with hepatic PEComa. The patient was discharged 5 days after receiving antiinflammatory treatment following surgery. To date, the patient has been followed-up for 14 months, and showed no evidence of recurrence.

[image: Figure 1]

FIGURE 1
 The in-phase T1-weighted imaging (T1WI) of abdominal magnetic resonance imaging (MRI) reveals a high and low mixed signal nodule about 2.0 cm × 1.8 cm in size in the medial segment of the left lobe of liver (A, arrow); The reverse phase of T1WI shows that the signal of the high signal part of the original nodules has become low (B, arrow), indicating fat composition; The nodule shows slightly high signal on T2-weighted imaging (T2WI) (C) and diffusion weighted imaging (D). On contrast-enhanced T1WI, the lesion shows significant enhancement in the arterial phase (E) and rapid resolution in the venous phase (F), presenting a typical “fast in and fast out” enhancement pattern.


[image: Figure 2]

FIGURE 2
 (A) The maximum intensity projection of the positron emission tomography (PET)/computed tomography (CT) shows a nodule (arrow) on the left side of the spine with increased uptake of fluorine-18 fluorodeoxyglucose (18F-FDG), with a maximum standardized uptake value (SUVmax) of 5.4. Axial images CT (B) showed the corresponding nodule at the medial segment of the left lobe of liver, with solid components of equal hepatic parenchymal density and low-density adipose tissue (arrow). Axial PET (C) and PET/CT fusion image (D) showed an increased 18F-FDG uptake of the solid component of the nodule (arrows).


[image: Figure 3]

FIGURE 3
 (A) Hematoxylin–Eosin staining shows that tumor cells are composed of epithelioid cells, with smooth muscle (white arrow) and adipose tissue (red arrow) visible within the tumor tissue. Immunohistochemistry shows that tumor cells positively express HMB45 (B), melan-A (C), smooth muscle actin (SMA) (D).




Discussion

Hepatic PEComas are usually solitary, with only 5–15% occurring as part of the tuberous sclerosis complex (5). Hepatic PEComas are mainly angiomyolipomas, often characterized by a prominent epithelioid morphology and may lack mature adipose tissue or thick-walled blood vessels, typically presenting as a single phenotype (7). Therefore, it can histomorphologically mimic some hepatocyte-derived tumors, such as hepatocellular adenomas and hepatocellular carcinoma (HCC), leading to an incorrect diagnosis. Patients with liver PEComas do not have specific symptoms and most seek medical attention because of physical examination findings or compression symptoms due to excessive tumor volume. A few patients may experience symptoms such as upper abdominal pain, nausea, indigestion, and loss of appetite. There is also a reported case in literature of one patient presenting with chills and fever (8). In our case, a chest CT examination was performed due to chest discomfort, incidentally revealing a liver lesion.

The preoperative diagnosis of PEComa relies mainly on imaging methods. On CT, PEComas in the liver appear mainly as circular or lobulated mixed-density masses with clear boundaries. The solid components of the tumor appear to be of equal or slightly lower density than the liver parenchyma, and the lesion may contain low-density cystic necrotic areas or fatty components (9). On contrast-enhanced scanning, the enhancement mode of the tumor is related to the proportion of various components in the tumor tissue, mainly presenting as obvious enhancement in the arterial phase accompanied by rapid regression, arterial phase enhancement accompanied by slow regression, arterial phase enhancement accompanied by late continuous enhancement, or uneven enhancement (10). On MRI, the main findings of the tumor are a low signal on T1-weighted imaging (T1WI) and a slightly high signal on T2-weighted imaging (T2WI); in typical cases, large tortuous vascular flow empty signal shadows can be seen inside the visible lesions, which has a certain specificity for the diagnosis of PEComas (11). Moreover, the isoinverse phase of T1WI can determine whether there is fat concomitancy inside the lesion, and cystic necrosis inside the lesion is more clearly visible (12). There are only a few literature reports on PET/CT of liver PEComas, and according to the composition of the epithelioid tissue contained in the tumor, its presentation can range from no 18F-FDG uptake to obviously increased 18F-FDG uptake (13–15). Our patient showed equal and low mixed densities on CT, with slightly high signal intensity on T1WI in the same phase and low signal intensity in the opposite phase, indicating the presence of fatty components in the lesion. T2WI showed slightly higher signal intensity, and diffusion-weighted imaging showed limited tumor spread. On contrast-enhanced T1WI, the lesion was significantly enhanced in the arterial phase, and rapidly subsided in the portal phase, presenting as a “fast in and fast out” appearance. On PET/CT, the solid components of the tumor showed increased 18F-FDG uptake, while the surrounding fat components did not show any uptake. These findings are consistent with the imaging features of hepatic PEComas reported in the aforementioned literature.

The clinical and imaging-based differential diagnosis of hepatic PEComas includes HCC, focal nodular hyperplasia of the liver, hepatic adenoma, liposarcoma, and hemangioma. HCC also presents with a “fast in and fast out” enhancement mode on contrast-enhanced CT and MRI, and cystic necrosis may be associated with large masses. However, patients with HCC usually have a history of hepatitis B or C viral infection and cirrhosis, and serum alpha-fetoprotein is often elevated (16); while hepatic PEComas do not have such characteristics. Focal nodular hyperplasia of the liver appears on CT as an equal-or slightly lower-density mass with a typical star scar in the middle and less fatty components. The contrast-enhanced scan showed that the lesions were significantly enhanced in the arterial stage and gradually decreased in the venous and delayed stages, and the central scar in the delayed stage exhibited delayed enhancement and gradually filled with isodense material compared to the liver parenchyma, thus providing specificity (17). Typical liver adenomas also exhibit “fast in and slow out” in contrast enhancement, and they are more likely to merge with bleeding and are more common in women, with a history of taking contraceptives and steroids (18). Liposarcomas of the liver are relatively rare and contain fat. However, the tumor volume is mostly large, and cystic necrosis is relatively rare. Contrast-Enhanced scanning shows uneven enhancement in all stages, which is different from the “fast in and fast out” feature of liver PEComas (19). Hepatic hemangiomas appear as a slightly low-density mass on CT; the dynamic enhanced scan shows nodular enhancement at the edge of the lesion at the arterial stage, and the lesion gradually fills to the center at the portal and delayed stages, showing a “fast in and slow out” enhancement mode, which distinguishes them from hepatic PEComas (20). The detailed differentiation between hepatic PEComas and other liver lesions is shown in Table 1.



TABLE 1 The clinical features and imaging findings of hepatic PEComas and other liver masses.
[image: Table1]

Histopathology is the gold standard for the diagnosis of PEComas, and epithelial cell morphology and clear eosinophilic cytoplasm can be observed under a microscope with abundant glycogen, premelanin bodies, and half-desmosomes (21). Immunohistochemical staining for PEComas can positively express both muscle cell (SMA, muscle-specific actin, calponin, etc.) and melanocyte (HMB 45, melan A, tyrosinase) markers (1). The tumor cells in this patient were composed of epithelioid cells rich in transparent cytoplasm and eosinophilic granules. Immunohistochemistry showed positive expression of HMB45, melan-A, SMA, and calponin in the tumor cells, which is consistent with the diagnosis of PEComa.

Due to the low incidence of hepatic PEComas, there is no unified standard for related treatment strategies, and surgical resection remains the primary approach for their management. Some studies suggest that for lesions >5 cm, if there is progressive enlargement, presence of clinical symptoms, or an indication of malignant tendency on fine-needle biopsy, more active methods should be used for treatment, and that mTOR inhibitors such as rapamycin have a certain effect on the treatment of malignant PEComas (22, 23). As the biological behavior of most hepatic PEComas is benign, their prognosis is good (24). Our patient underwent surgical resection of the mass without further treatment, was followed up for 14 months, and is still healthy and alive, which is consistent with literature reports.



Conclusion

Hepatic PEComas are rare interstitial tumors that are often misdiagnosed as hepatocellular carcinoma on imaging due to their unique rich blood supply enhancement pattern. However, the imaging findings did possess a certain degree of specificity. The presence of solid components with density similar to that of hepatic parenchyma and adjacent low-density adipose tissue within the lesion, along with increased uptake of 18F-FDG, is characteristic. Contrast enhancement typically exhibits a “fast in and fast out” pattern. In cases of hepatic lesions with these features, considering the possibility of PEComas is crucial for an accurate diagnosis.
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The introduction of new long axial field of view (LAFOV) scanners is a major milestone in positron emission tomography/computed tomography (PET/CT) imaging. With these new systems a revolutionary reduction in scan time can be achieved, concurrently lowering tracer dose. Therefore, PET/CT has come within reach for groups of patients in whom PET/CT previously was undesirable. In this case report we discuss the procedure of a continuous bed motion (CBM) total-body [18F]FDG PET/CT scan in an intensive care patient. We emphasize the clinical and technical possibilities with this new camera system, a matched clinical protocol, and the added value of a dedicated team.
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Introduction

The use of 18F-fluoro-deoxy-D-glucose ([18F]FDG) positron emission tomography computed tomography (PET/CT) in infection and inflammation imaging has increased over the last decade. Inflammatory cells and bacteria involved in infectious and inflammatory processes have a high glycolytic rate and therefore result in [18F]FDG accumulation This allows PET/CT to show areas of ongoing infection and inflammation (1, 2).

[18F]FDG PET/CT is of added value for a broad range of infectious and inflammatory causes, such as vasculitis, endocarditis, osteomyelitis and especially when the infection or inflammation is of unknown origin (3, 4). The latter patient category suffers from fever and elevated inflammatory markers while the location of the infection or inflammation remains unknown (5). [18F]FDG PET/CT imaging allows for the determination of foci of infection and/or inflammation, thereby guiding therapy (6, 7).

Although [18F]FDG PET/CT has become an established diagnostic tool in the clinic it is seldomly used within the intensive care setting (8). This is surprising as both infection and inflammation have a high prevalence in this patient population. The two major syndromes defined by infection and inflammation respectively, sepsis and the acute respiratory distress syndrome, comprise 30% of ICU (intensive care unit) admissions (9–11). Furthermore, nosocomial infections occur frequently in critically ill patients contributing to prolonged organ dysfunction and mortality (12–14). In patients with persistent critical illness (i.e., ≥ 10 days of ICU admission) more than 50% develop a new septic episode, frequently with an unknown focus (15–18). The fact that PET/CT is not widely used in ICU patients is due to the perceived complexity of patients, the comprehensive patient preparation and extensive scanning time (8, 19).

Recent advances in PET/CT technology, such as ultra-high sensitivity mode in long axial field of view (LAFOV) PET/CT systems, have led to a dramatic reduction in acquisition time and administered activity (20–23). These technological improvements remove a perceived barrier to more routine use of PET/CT in ICU patients.

In this case report, we demonstrate the use of the new LAFOV PET/CT system in an ICU patient. The technical and clinical aspects and benefits will be discussed.



Case

A 67-year-old female was admitted to the ICU due to a Hemophilus influenza sepsis complicated by a heart tamponade, caused by a pericarditis, resulting in an in-hospital cardiac arrest. Successful resuscitation was achieved by pericardiocentesis and placement of pericardial drains. An arthroscopy with rinsing was performed for a bacterial arthritis of the right knee, from which Hemophilus influenza was cultured. Antibiotic therapy with ceftriaxone was started. Subsequently a contrast enhanced CT scan of the thorax was performed showing a bilateral pleural effusion. After an initial phase of recovery, the patient relapsed with an inflammatory profile including fever and a CRP of 128 mg/L, despite continued antibiotic treatment. To identify possible secondary foci, a request for [18F]FDG PET/CT examination was made with emphasis on the upper airway since all problems had started with a painful throat. Previously no imaging focusing on this area had been performed.

In the nuclear medicine department, a dedicated physician assistant (PA) is available for ICU patients to manage logistics and patient preparation. The patient was prepared following international standards, including 4 h fasting period and discontinuation of glucose infusion (24, 25).

The patient was scheduled with priority the next day on a LAFOV (106 cm) Biograph Vision Quadra PET/CT scanner (Siemens Healthineers, Knoxville, TN, United States). A total of 145 MBq (2 MBq/kg) of [18F]FDG was intravenously administered at the ICU department after checking the blood glucose (6.4 mmol/L). After 30 min, the patient was transferred to nuclear medicine department according to our in-house protocol for transfer of critically ill patients. For transfer from the bed to the scanning table, a hoist mechanism is used. During the scan, the patient was fully sedated, required mechanical ventilation and vasopressor support through multiple intravenous lines. The tubing for the intravenous lines was extended to 2.5 m (26). Prior to the start of the scan, a scan-table movement test was conducted to confirm the placement and unhindered movement of the patient with the lines and tube. Once these checks were confirmed, the PET/CT scan was started 60 min post injection (27).

In order to take full advantage of the new features of the Quadra system, the scan was performed in 12 min continuous bed mode (CBM) and in ultra-high sensitivity (UHS) mode (23). Continuous bed mode facilitates the slow and gentle movement of the scan bed through the gantry, permitting 195 cm to be scanned in one pass without limitation of the 106 cm FOV. In this case, it was crucial to focus not only on the primary area of concern (the throat), but also on the known foci in the knee that required examination. The data were reconstructed with our clinical standard protocol: Ordinary-Poisson Ordered-Subsets Expectation–Maximization and TrueX+TOF (UltraHD-PET) 4 iterations, 5 subsets, matrix 440 × 440 voxel 1.65 × 1.65 mm, no filter, and Ultra High Sensitivity. Images were reviewed by a nuclear medicine specialist in Syngo.Via VB60 using MM-oncology (Siemens Healthineers, Erlangen, Germany) (28).

The [18F]FDG PET/CT did not show an infectious focus in the head and neck area besides some reactive lymph nodes. Furthermore, persisting pericardial fluid without [18F]FDG uptake was seen despite continuous drainage (Figures 1B–D). [18F]FDG enhancement was seen in the pericardial layers, mainly around the right atrium, most likely due to some remaining pericarditis (Figures 1A,B,D). Bilateral pleural effusion did not show [18F]FDG uptake, which was in line with negative cultures of this fluid obtained directly after the PET/CT. However, some increased uptake in the pleural sheets could indicate pleuritis. [18F]FDG uptake was seen in the right cephalic vein indicating a possible thrombophlebitis (Figure 1A). In the synovial space of the right knee clear [18F]FDG enhancement was visible, indicating the earlier diagnosed synovitis (Figures 1A,E,G).
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FIGURE 1
 (A) Maximum Intensity Projection (MIP) showing pathological [18F]FDG uptake in the pericardial cavity and right knee (red arrow) and [18F]FDG enhancement in the cephalic vein, possibly caused by a thrombophlebitis (blue arrow). Furthermore, physiological uptake can be seen in the liver, kidneys, and urinary catheter tract. (B–D) Coronal PET, low-dose CT, and PET/CT fusion image of the thorax, respectively, showing clear pericardial effusion (green arrow) with slightly elevated [18F]FDG uptake in the pericardial layers. The pleural effusion showed no tracer uptake. (E–G) Sagittal PET, low-dose CT, and PET/CT fusion image of the right knee (red arrow), respectively, showing increased [18F]FDG uptake in the synovial space due to the Hemophilus Influenza infection.


Concurrently with the PET/CT scan, blood cultures were taken, later showing Enterococcus faecium. The central line was removed shortly before the PET/CT, which later showed to be the source, and vancomycin therapy was started. The [18F]FDG uptake pattern was classified as a reactive remainder of the initial infection. Together with the negative pleural punction and the central line infection as a cause for the deterioration, ceftriaxone and vancomycin treatment was stopped. The patient rapidly recovered.



Discussion

This case illustrates the challenges of performing a PET/CT scan in ICU patients due to the complexity of mechanical ventilation and vasopressor support required by the patient, presence of intravenous lines and the necessary planning, logistics and transport. The added value of performing a [18F]FDG PET/CT scan in ICU patients was demonstrated. Thanks to the PET/CT scan another localization of the Hemophilus influenza could be excluded facilitating safe tapering of antibiotic treatment. However, more importantly, we showed that, with the recent advancement in technology, a PET/CT can be performed relatively easily in ICU patients using a LAFOV PET/CT camera, which is mainly achieved by reduction of the scan time (up to 2 min for one bed position) (29).

Another advantage of the newest function of the LAFOV PET/CT system is the added value of scanning in CBM mode, allowing to scan a total body while the table moves gently and remains comfortable for the patient, with also less risk for lines and tubes to get stuck or tangled compared to scanning total body using the multiple bed positions method. This bed position method is used in older type of scanners, statically scanning one bed position before moving to the next, resulting in relatively sudden movements between positions. Besides, it needs large overlap in bed positions for sufficient fusion between the low dose CT and PET scan, demanding more acquisition time.

In this case, a total acquisition time of 12 min was used since this was the first time an ICU patient was scanned using the LAFOV PET/CT system in CBM mode. By further adapting the procedure, a total of 6–7 min acquisition time seems to be feasible in this patient group, without compromising image quality and diagnostic value. In comparison, the acquisition time would have been approximately 30 min on a conventional PET/CT system. Furthermore, due to the limited sensitivity of conventional PET/CT’s, a higher radioactivity dose must be administered with these types of camera systems. This results not only in a higher radiation dose for the patient but also for the ICU staff (30, 31). A dose reduction as low as 1 MBq/kg for a LAFOV PET/CT has already been suggested (20).

The successful execution of an [18F]FDG PET/CT procedure for critically ill patients requires a specialized team with sufficient experience and expertise. Key members of this team include an ICU physician, an ICU nurse and competent PET/CT technologists. Furthermore, it is crucial to have a dedicated facilitator to ensure smooth communication and coordination between the two departments. This role is fulfilled in our institution using a physician assistant of the nuclear medicine department. Furthermore, a standard operating procedure should be available for both departments.

In conclusion, the utilization of LAFOV PET/CT yields a nearly similar duration for transport and scanning when compared with an ordinary CT scan. Therefore, using this system, PET/CT has become more accessible for use in critically ill patients. However, before implementation, perceived barriers in scanning complex ICU patients need to be addressed by research into safety, patient preparation, and logistics. Eventually, this may result in international practice guidelines.
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Renal transplantation is undoubtedly an effective treatment for patients with end-stage renal disease, but it is certainly not a cure. Patients require lifelong immunosuppression to maintain optimal allograft function, and post-operative risk complications such as cancer in the transplant recipient cannot be ignored. Besides, infection is a silent complication that follows transplantation. Relatedly, herein, we present a report of a 40-year-old patient who underwent renal transplantation and promptly developed a diffuse large B-cell tumor in the liver and Aspergillus infection in the trachea. In addition, an inflammatory necrotizing granuloma was also observed in the muscles. Of importance, we also described the potential of 18F-FDG-PET/CT, which was instrumental in monitoring and evaluating these relevant post-operative complications in this rare case.
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Introduction

Organ transplantation has long been considered the standard treatment for patients with end-stage organ failure. In particular, renal transplantation has had high success rates ever since the first successful attempt by Dr Joseph Murray in 1954. However, concerns about cancer risk and infections are common consequences of immunosuppressive drugs, which are required to prevent organ rejection and contribute to the highest mortality rates among renal transplant recipients. This can be evident from the studies showing that the risk of malignant tumors in patients after renal transplantation was 2.19−6.7% (1). Likewise, the pulmonary fungal infections, a common post-operative complication of renal transplant patients, also complicate the clinical scenario as 30% of patients with pulmonary fungal infections usually die due to lack of timely treatment (1–3). More than 20% of renal transplant recipients experience at least one case of infection in the first year after transplantation (4).

Given the emerging field of molecular predictive medicine, several molecular biomarkers for pre/post-renal transplantation monitoring have been discussed (5). However, their complete success in improving transplant success and defining the causes of long-term complications remains to be seen. Undeniably, imaging examination continues to be the reliable standard and clinical decisions for kidney transplantation rely heavily on imaging techniques, including ultrasound, computed tomography, magnetic resonance imaging, and nuclear medicine examinations (6, 7).

It is worth mentioning that conventional imaging inevitably misses lesions in recipients due to local scanning, whereas 18F-FDG-PET/CT imaging offers obvious advantages in imaging lesions throughout the body due to whole-body scanning. Nevertheless, a detailed knowledge of post-transplant complications (malignancies, infections, etc.) can help improve patient survival and facilitate the development of an optimal monitoring plan for addressing post-transplant challenges. Considering this, herein, we reported a 40-year-old male patient who underwent renal transplantation after hemodialysis treatment for renal failure and developed rare post-operative tumor (diffuse large B-cell lymphoma) and infectious (fungal Aspergillus, necrotizing granulomatosis) complications. Importantly, 18F-FDG-PET/CT greatly assisted in the monitoring and evaluation of certain complications of the patients that might have been missed with other conventional imaging approaches.



Case description

In 2008, the patient was diagnosed with chronic nephritis after proteinuria was noticed. Thereafter, a symptomatic treatment was initiated.

In March 2014, the examination of renal function revealed a creatinine value of more than 2,000°μmol/L and glomerular filtration rate(GFR) less than 15 ml/min. then the patient was diagnosed as “stage 5 of chronic kidney disease.” While undergoing hemodialysis five times every two weeks through the arteriovenous fistula, the patient’s condition was getting more stable.

Since June 2016, due to the increase in creatinine again, hemodialysis has gradually increased to three times a week, resulting in poor compliance of the patient to dialysis. In November 2018, based on the appropriate lab results, patient was admitted for kidney allotransplantation. As the donor was being treated in the Intensive Care Unit (ICU), ceftazidime and caspofungin were administered to avoid the potential risk of infection after the transplant. Also, immunosuppressants such as tacrolimus (2.5 mg, bid), mycophenolate mofetil (500 mg, bid), and ponisone acetate tablets (10 mg, qd) were given to prevent rejection. However, on the second day after surgery, an increased blood flow resistance index and impaired renal graft artery function were observed on Color Doppler ultrasound, suggesting delayed recovery of renal graft function. And Urine volume decreased to only 63°ml, serum creatinine was found to be 1558°μmol/L, indicating acute rejection. As a result, Hemodialysis was arranged intermittently, and Mycophenolate Mofetil Capsules, tacrolimus, mebonilone and ATG immunosuppressants were given to prevent rejection. When urine output approaches 2,100°ml and creatinine has decreased to 143°μmol/L, approximately 20 days after treatment, regular anti-rejection medication was prescribed. Following renal transplantation, liver and kidney function, blood and urine levels, electrolytes, tacrolimus drug concentration and color Doppler ultrasound were routinely monitored. Importantly, there were normal leukocytes numbers and serum creatinine-141.3 ± 9.2°μmol/L, β2-microglobulin-6.3 ± 0.5°mg/L, fructosamine-2.6 ± 0.3°mmol/L, albumin-37.8 ± 2.3°g/L.

In October 2021, the patient was checked concerning occlusion of an arteriovenous fistula in the left forearm. A routine CT scan of the lungs incidentally revealed a low-density intrahepatic shadow. Subsequently, an upper abdominal enhanced CT scan showed multiple low-density circular shadows in the liver (Figures 1A–C), leading to suspicion of metastasis. Gastroenteroscopy was performed to rule out the origin of the primary lesion from the gastrointestinal tract, but no abnormalities were found. A color ultrasound-guided needle biopsy of the liver lesion was performed, and the pathological diagnosis was noticed as diffuse large B-cell lymphoma (DLBCL, IE stage, IPI0) (Figure 1H). To clarify the systemic condition, an 18F-FDG-PET/CT scan was performed, and FDG uptake was found to be markedly elevated in the three lesions in the liver with the SUVmax of 22.8 in the most prominent lesion (Figures 1D–G). Promptly, R-CHOP chemotherapy (reduced dose, q3w) was administered: rituximab 700°mg, cyclophosphamide 1,100°mg, vincristine 2°mg, epirubicin 110°mg, prednisone 100°mg, combined with ibrutinib. Also, the patient was recommended a continuation of immunosuppressive therapy with an adjusted drug regimen, specifically the tacrolimus dose was reduced to 0.5 mg per day and sirolimus (0.3 tablets per day) was added as anti-tumor treatment. The clinical laboratory tests (creatinine -149°μmol/L, tacrolimus-11.0°ng/ml, CA199-56.5°U/ml (0−27), AFP and CEA) were normal, also the levels of T lymphocytes-89.9% (62.60−76.80%) and CD4 + T cells-52.9% (30−46%) were determined. Also, T inhibitory cells were 42.05% (15−33%), lactate dehydrogenase was normal, and α-hydroxybutyrate dehydrogenase was 186°U/L.
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FIGURE 1
(A–C) were plain CT scans, arterial phase and venous phase of CT enhancement, respectively. After renal transplantation, round low-density lesions were observed in the liver with uneven density, the largest of which was about 79 × 68°mm. The fiber partition was slightly increased in the arterial phase, and further enhanced in the venous phase, but no clear enhancement was showed in the low-density shadow.18 F-FDG PET/CT MIP (D) showed three hypermetabolic lesions in the liver, which located in the Segment VI, with the size of 54 × 50°mm and SUVmax of 15.9 (E), segment I, with the size of 61 × 50°mm and SUVmax of 8.1 (F), and segment VIII, with the size of 69 × 58°mm and SUVmax of 22.8 (G). Pathology [(H), HE400 × ] showed a large number of tumor cells and a small number of lymphocytes in the necrotic tissue. Immunohistochemistry showed CD20(+), CD79a(+) and Ki-67 (60% positive).


In November 2021, the patient was admitted for second chemotherapy and continued to receive R-CHOP chemotherapy (conventional dose). During this period, herpes zoster was diagnosed in the right groin. To prevent herpes virus, acyclovir was administered, and calamine was used for external treatment.

In April 2022, the patient was admitted to the hospital for the sixth chemotherapy and had symptoms of fever, cough and sputum, with the highest temperature of 38.4°C, which starts appearing about a month ago. The leukocyte count (16.10 × 109/L), procalcitonin level (0.13°ng/ml) and C-reactive protein levels (97.5°mg/L) indicated possible infection. Therefore, symptomatic treatment, such as anti-infection and relieving cough, was adopted. To assess the efficacy of the chemotherapy, an 18F-FDG-PET/CT scan was performed, which showed that the liver lesions were reduced in size and metabolism was markedly decreased (Figures 2A–D). Strikingly, the proximal wall of the left main bronchus and upper lobe bronchus was markedly thickened, and the metabolic was markedly elevated with the SUVmax of 12.8, suggesting the possibility of bronchial lung carcinoma (Figures 2E–G). But fiberoptic bronchoscopy showed fungal infection with inflammatory granulation tissue, abscess and necrosis in the left main bronchus (Figures 2H, I). The bronchoalveolar lavage fluid was galactomannan(GM) positive and Aspergillus flavus/Aspergillus oryzae was detected by NGS(Next Generation Sequencing) (Figures 2J, K). Considering the obvious drug interaction between sirolimus, tacrolimus and voriconazole, caspofungin was given as an antifungal infection. The antirejection regimen was subsequently adjusted: Cellception (was discontinued), Prednisone (oral 5°mg/d), and Sirolimus and Tacrolimus (5°ng/ml) were maintained. It took 5 days for the body temperature and the inflammatory indicators to return as normal. The chemotherapy with R-CHOP plus zebrutinib was continued, and the antifungal therapy was maintained with voriconazole. The laboratory tests were: Tacrolimus-11.30°ng/ml, Sirolimus-3.41°ng/ml, virus related tests (Cytomegalovirus DNA, Epstein-Barr virus nucleic acid, BK virus DNA, JC virus DNA, Cryptococcal capsular polysaccharide, T-SPOT) were negative and acid fast stain showed no acid fast bacilli. There were also values measured for galactomannan antigen (GM-3.30°ug/L(positive > 0.95), and 1-3-β-D-glucan < 10°pg/mL(60−100).
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FIGURE 2
18F-FDG-PET/CT MIP (A) showed hypermetabolic lesions in the left main bronchus. After 4 cycles of chemotherapy, the intrahepatic lesions were all reduced, and FDG uptake was significantly decreased, which were as follows: Segment VI, with the size of 31 × 26°mm and SUVmax of 3.2 (B); segment I, with the size of 45 × 32°mm and SUVmax of 1.7 (C); segment VIII, with the size of 50 × 33°mm and SUVmax of 1.9 (D), liver SUVmax was 1.8. (E–G) showed that the wall of the left main bronchus was significantly thickened, the lumen was narrow, and FDG uptake was significantly increased with the SUVmax of 12.8. Bone marrow reactive hyperplasia after chemotherapy resulted in increased diffuse FDG uptake. Pathology [(H), HE200 × ; (I), HE400 × ] showed that a large number of cells were apoptotic and infiltrated by inflammatory cells. (J) (Gram staining) and (K) (Silver staining) showed Gram-negative or non-staining, with parallel hyphal walls, septum, acute Angle branching, and “bamboo.”


In July 2022, an 18F-FDG-PET/CT scan was performed to evaluate the treatment effect of PHL and Invasive Aspergillus Tracheobronchitis (IAT), and a residual lesion was found in the liver with no obvious metabolic activity (Figures 3A–D). There was also no obvious thickening or hypermetabolic lesion in the left main bronchus wall (Figure 3E). However, hypermetabolic nodules was observed in the right vastus lateralis muscle (Figure 3F). The pathology of the ultrasound-guided biopsy showed necrotizing granulomatous inflammation (Figure 3G). Noticeably, fluorescent staining of fungi, silver hexamine staining, Gram staining, and acid-fast staining were all negative. The laboratory tests revealed the presence of angiotensin convertase -64°U/L (5−52), creatine kinase- 16I°U/L (50−310), β2-microglobulin- 6.35°mg/L (1.0−3.00), and tacrolimus- 1.70°ng/mL. The lesion of the muscle, surprisingly, disappeared spontaneously after one month without any treatment. Timeline of complications after renal transplantation in this patient was showed in Figure 4.
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FIGURE 3
18 F-FDG PET/CT MIP image (A) showed only hypermetabolic lesions on the right thigh. After 6 cycles of chemotherapy, there were still low-density lesions in the liver, but there was no increase in FDG uptake, which were as follows: Segment VI, with the size of 27 × 22°mm and SUVmax 2.2 (B), segment I, with the size of 38 × 29°mm and SUVmax of 1.8 (C), segment VIII, with the size of 42 × 30°mm and SUVmax of 2.2 (D), liver SUVmax was 2.3. The left main bronchus wall was slightly thickened without significant FDG uptake (E). In the vastus lateralis muscle of the right thigh, nodular slightly low-density shadow was observed with the size of 32 × 28°mm, FDG uptake was increased with the SUVmax of 8.8. (F) Pathology [(G), HE400 × ] showed fibrous hyperplasia around necrotic tissue, accompanied by inflammatory cells and multinucleated giant cells reaction, which was considered as necrotizing granulomatous inflammation.
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FIGURE 4
Timeline of complications after renal transplantation in this patient.




Discussion

While renal transplantation can significantly improve survival, the risk of delayed recovery of graft function, post-transplant rejection, malignancy and infection cannot be ruled out (8). Herein, we also report a unique case of multiple rare complications after renal transplantation where delayed recovery of graft function and acute rejection occurred immediately after renal transplantation. Though most complications normalized after 20 days of active treatment, however, from the third year post-surgery, patient developed (de novo) diffuse large B-cell lymphoma of the liver, Aspergillus infection of the trachea and necrotizing inflammatory granuloma of the muscles.

Nonetheless, recipients of solid organ transplants are at high risk of developing Post-transplant lymphoproliferative disorders (PTLD), more than half of which were diffuse large B-cell lymphoma (DLBCL)(9, 10). However, the occurrence of DLBCL in the liver as primary hepatic lymphoma (PHL) remains obscure, especially after renal transplantation, accounting for about 0.016% of non-Hodgkin lymphoma (NHL), 0.4% of extranodal lymphoma, and 0.1% of liver malignant tumors (11). Certainly, owing to its heterogeneity DLBCL poses a major clinical challenge toward achieving successful therapeutic goals (12).

Since the recipients take immunosuppressive drugs, the impairment of the function of the innate immune cells is expected. The occurrence of PHL was affected by many factors, such as high blood drug concentration, high Treg expression, human leukocyte antigen (HLA) mismatch, hemodialysis time, older age at transplantation, etc. (1, 13, 14). Some studies have reported that drug concentrations in the blood of patients with lymphoma were higher after renal transplantation (15). In our case, the concentration of tacrolimus was significantly elevated, reaching 11.0°ng/mL, which was higher than the previous maximum value of 8.9°ng/ml. It was also presumed that long-term hemodialysis might increase the risk of malignant tumors and viral infections, which may favor the occurrence of liver cancer and lymphoma (16). This might fit well with the patient enrolled in our study, who was relatively young (40 years) at the time of transplantation, but had chronic nephritis for almost 10 years prior to kidney transplantation, and had been haemodialysed for more than 4 years. PHL differs from common systemic lymphomas involving the liver, and is related to hepatitis, cirrhosis, administration of immunosuppressive agents (17) and viral infections (mainly HCV, HBV, HIV, EBV infections) (16, 18). In the present case, there was a history of chronic hepatitis B with HBV positive, hepatitis B core antibody (HBcAb) was much higher and it had the features of liver cirrhosis like hepatosplenomegaly and portal hypertension. In some studies, EBV infection has been found to be more closely associated with the occurrence and development of DLBCL, accounting for approximately 9−20% of cases, while accounting for 8−30% of negative cases (19, 20). The onset time of PTLD in EBV negative patients was delayed, usually 3−5 years after SOT (20). In our case, EBV was negative, and the onset of the tumor was late, PHL was detected in the third year after transplantation, which is consistent with literature reports.

It should be mentioned that single or multiple hypodensities of PHL may be seen on the CT scan, and the larger of these may be lobular with central necrosis. What’s more, it was a poorly perfused tumor with little or no enhancement in the arterial phase and mild or marginal enhancement in the portal phase and delayed phase. 18F-FDG-PET/CT usually showed high FDG uptake and obvious hypermetabolism (21, 22). The degree of FDG uptake of PHL depended on the pathological type of lymphoma, indolent lymphomas had lower FDG uptake, while diffuse large B-cell lymphatics tumor, Burkitt lymphoma, and T-cell lymphoma had relatively high uptake. The 18F-FDG PET-CT findings of PHL could be divided into multiple nodules type, single mass type and diffuse infiltration type. In this case, PHL was multiple inodular with high FDG uptake. Reducing the level of immunosuppression (rRIS) has always been the main treatment for lymphoma (23). The R-CHOP regimen in combination with rituximab has been shown to have a better chemotherapy effect than the CHOP regimen. As a result, the 3-year OS increased from 30 to 50% before rituximab to more than 60% (24). In the study, immediately after the diagnosis of PHL, the dosage of immunosuppressant tacrolimus was greatly reduced, and sirolimus was increased as an adjuvant antitumor agent. Moreover, 6-cycle R-CHOP combined with zebrutinib chemotherapy regimen was adopted, which achieved unexpected therapeutic effect and achieved complete remission.

Taking immunosuppressants post-transplantation not only leads to a disturbance of immune function, but can also lead to viral infections (6, 25). In particular, pulmonary infection became the most common infectious complication after renal transplantation, with fungal infections accounting for approximately 20% (26). The most serious pathogenic bacterium appeared to be Aspergillus infection, which had a high mortality rate of 40−100%, with a cure rate of only 18−67% (27, 28). Isolated invasive Aspergillus tracheobronchitis (IATB), i.e., fungal infection confined to the bronchus, has been relatively rare, accounting for less than 7% of invasive pulmonary aspergillosis (IPA). We detected fungal infection (Aspergillus flavus/Aspergillus oryzae) with inflammatory granulation tissue in this study.

Some studies found that the factors responsible for the increased risk of IATB after renal transplantation included: Immunosuppressants, glucocorticoids, antibiotics, and chemical drugs administered at high doses over a long period of time (29, 30). In addition, renal donor status, age at transplantation (≥60 years), delayed recovery of graft function, acute rejection, underlying diseases (such as diabetes, hypertension, hyperlipidemia, chronic lung disease, etc.), duration of hemodialysis treatment, leukopenia (WBC < 3.5 × 109/L), hypoproteinemia (ALB < 40 g/L) served also as important factors.

Linares et al. (6) studied 156 patients with IATB after renal transplantation. Of them, 86.5% were immunosuppressed, 71.8% of them had received glucocorticoid treatment, and 25% of them had received chemotherapy. Most patients required hemodialysis as a transitional treatment, but hemodialysis would generate oxidative stress, leading to ischemia-reperfusion injury of the kidneys and increasing the incidence of DGF and acute rejection (31). Such patients had to receive high-dose corticosteroid or lymphocyte antibody shock therapy (32), which induces more aggression against lymphocytes and further inhibits and damages the patients’ immune function. Patients in the study had been treated with immunosuppressants and glucocorticoids for a long time; in particular, for PHL, it received 5 cycles of chemotherapy. Besides, the kidney donor patient had been admitted to the ICU, there might be a risk of pathogenic bacteria recessive infection or donor infection was not effectively controlled. Though the patient was young at the time of transplantation, he had many underlying diseases, including hypertension, hyperglycemia, and hyperlipidemia, DGF and acute rejection occurred immediately after transplantation, in addition he received corticosteroid shock treatment. Notably, white blood cell counts were in the normal range, but albumin was below 40 g/L for a long time, which affected the patients’ immune response. Imaging examination of IATB did not reveal typical features that could manifest as thickening of the trachea or bronchial wall, atoptasis, or obstructive pneumonia due to lumen stenosis and poor drainage, and the coexistence of multiple images, such as multiple exudates, consolidation, and cavities in multiple lobar sections of both lungs. It has also been reported that some patients even have normal images (33).

In this study, 18F-FDG-PET/CT showed thickening of the left main bronchial wall, stenosis of the lumen, and significantly increased FDG uptake, but no lesions were found in the lungs. The detection of 1, 3-β-D-glucan (G test) and galactomannan antigen (GM test) in blood or alveolar lavage fluid could serve as the basis for the microbiological diagnosis of invasive aspergillosis (IA), and the GM test of bronchoalveolar lavage fluid remained the preferred detection method (34). Recently, voriconazole has been recommended as the primary treatment for Aspergillus (34). Kramer et al. (35) reported that oral itraconazole treatment for 6−12 months was effective in IA after lung transplantation. In this case, sirolimus, tacrolimus and voriconazole were considered to have obvious drug interaction, so caspofungin was first given as anti-fungal infection. Following significant improvement, voriconazole was used as maintenance treatment, which achieved a good effect. After 3 months, the lesion had completely disappeared, and the drug was immediately discontinued.

Necrotizing granulomatous inflammation (NGI) is usually caused by tuberculosis, which usually occurs in the lung. The extrapulmonary sites commonly include lymph node, pleura, and joints, although any organ may be affected (36). Despite a complete histological evaluation with clinical, microbiological and serological correlation, nearly 20−40% of necrotizing granulomas remain undetermined (37). Ulbright and Katzenstein suggested that the cases involved infectious granulomas where the microorganisms were killed and/or removed by the inflammatory process, leading most patients to receive no treatment rather have a good prognosis (38). A very similar scenario occurred in the current patient, where fungal staining, silver hexamine, Gram stain, and acid fast stain were all negative, and the lesion spontaneously disappeared without any medical treatment.

The diagnosis of PHL required the exclusion of extra-hepatic infiltrating lesions. Similarly, the diagnosis of iIAT required confirmation that Aspergillus infection was confined to the tracheobronchus. With 18F-FDG-PET/CT imaging, whole-body images can be obtained in a single scan, providing complete information about the anatomy and metabolic activity of the lesion and reflecting the distribution of systemic lesions with high sensitivity and specificity (39). Also, 18F-FDG-PET/CT is superior to purely anatomical imaging in detecting additional extra-nodal lesions, with good diagnostic performance particularly in adults (40). It is the possibility for metabolic quantification, implemented through semi-quantitative measurements. In immunocompetent lymphoma patients, a high maximum standardized uptake value (SUVmax) has been shown to predict aggressive B-cell lymphomas, as well as being a significant prognostic factor for progression-free survival and overall survival (41). In this study, extrahepatic infiltrating lesions of lymphoma were excluded and Aspergillus infection confined to the left main bronchus was verified by 18F-FDG-PET/CT. Of interest, 18F-FDG-PET/CT also detected an inflammatory granulomatous lesion in the patient’s right medial thigh muscle that might have been missed with other conventional imaging modalities. 18F-FDG-PET/CT has been shown to be very useful in monitoring response to therapy (42). In this case, serial 18F-FDG-PET/CT scans showed a higher value in the evaluation and follow-up of the multi-rare and distinct complications. The 18F-FDG-PET/CT scan during chemotherapy (4th cycle) provided important information on intrahepatic lesion size (reduced only about 30%) and metabolism (reduced over 80%), indicating that the ongoing treatment was effective, yet there remained tumor activity and no complete remission. The metabolism of the lesion did not decrease to a normal level by the end of the sixth chemotherapy in the 18F-FDG-PET/CT examination, but there was still a large residual lesion. With traditional imaging depending only on the size change, this was obviously not feasible to assess the activity of the similar residual lesion. Also, 18F-FDG-PET/CT after antifungal treatment with iIAT showed that the left main bronchus was morphologically and metabolically normal, which also enabled clinical efficacy to be reliably evaluated.

Overall, we provide evidence in support of a possible association between post-renal transplant odds with cancers and infections. In a rare case reported here, the patient developed a diffuse large B-cell lymphoma in the liver, an Aspergillus infection in the trachea and necrotizing granulomatosis in the right medial thigh muscle following a renal transplant. Of importance, 18F-FDG-PET/CT greatly assisted in the monitoring and evaluation of certain complications that might have been missed with other conventional imaging approaches. Concerning these risks, we also recommend post-transplant cancer screening for individual recipients.
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A poor prognostic male choriocarcinoma with multiple systemic metastases: a case report and the literature review
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Background: Non-gestational choriocarcinoma, also known as primary choriocarcinoma, is extremely rare in men, manifesting with specific signs such as breast feminization, testicular atrophy, and loss of libido. The presentation typically includes elevated serum β-hCG levels, widespread metastatic disease, and a rapid progression of the condition.

Case report: We present a rare case of a 41-year-old man diagnosed with choriocarcinoma, exhibiting a unique combination of multiple metastases, including lung, brain, bone, and retroperitoneal lymph node metastases, as confirmed by 18F-FDG PET/CT imaging. The patient was treated with aggressive chemotherapy and pembrolizumab, and the prognosis remained poor. The patient’s overall survival was a mere 5 months following diagnosis.

Conclusion: Non-gestational choriocarcinoma represents a rare entity in clinical practice and should be considered in young men presenting with gynaecomastia and elevated β-hCG levels alongside normal gonads. Thus, we advocate for a more comprehensive inquiry into medical history and a systematic examination. The 18F-FDG PET/CT examination not only visually delineates the lesion’s location and extent but also serves as a cornerstone for clinical tumor staging, providing valuable support for treatment monitoring and subsequent follow-up.
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Introduction

Choriocarcinoma, a rare trophoblastic tumor, exhibits high invasiveness and is characterized by the proliferation and interstitial transformation of abnormal chorionic trophoblast cells. It is distinguished by the absence of a chorionic structure, accompanied by hemorrhage and necrosis, and has the capability to secrete beta-human chorionic gonadotropin (β-hCG). The condition can be classified into two main categories: gestational choriocarcinoma and non-gestational choriocarcinoma (primary choriocarcinoma) (1–5). Gestational choriocarcinoma originates from the trophoblast of various gestational events, such as hydatidiform mole, spontaneous abortion, and normal pregnancy. On the other hand, non-gestational choriocarcinoma, also known as primary choriocarcinoma, is extremely rare in men, manifesting with specific signs such as breast feminization, testicular atrophy, and loss of libido (2, 6, 7). This type of choriocarcinoma can be further categorized into gonadal choriocarcinoma (testis) and extragonadal choriocarcinoma (such as mediastinum and retroperitoneum) based on its origin and primary site (8, 9). The presentation typically includes elevated serum β-hCG levels, widespread metastatic disease, and a rapid progression of the condition (10, 11).

In this report, we present a rare case of a 41-year-old man diagnosed with choriocarcinoma, exhibiting a unique combination of multiple metastases, including lung, brain, bone, and retroperitoneal lymph node metastases, as confirmed by 2-Deoxy-2-[fluorine-18]-fluoro-D-glucose (18F-FDG) positron emission tomography combined with computed tomography (PET/CT) imaging. Through an extensive literature search on the PubMed database, covering the period from 1996 to 2023 and utilizing keywords related to choriocarcinoma and CT, the search was carried out with and without the addition of filters, such as English language only, type of article, and subjects, excluding duplicate papers. We identified a total of 53 relevant publications. The summarized findings are presented in Table 1 (12–64). Previous studies have overwhelmingly reported cases of choriocarcinoma in pregnant females. The current case of primary choriocarcinoma occurring in a male is exceptionally rare.



TABLE 1 18F-FDG PET/CT and CT manifestations of primary choriocarcinoma.
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Case presentation

A 41-year-old man presented with diminished appetite symptoms a year ago, but he did not undergo an examination. His condition deteriorated 2 months ago, marked by malaise, night sweats, and lower back pain, leading to a weight loss of 10.5 kg over 1 year. The patient was hospitalized for a physical examination, revealing bilateral breast development and a palpable mass measuring approximately 12 cm × 10 cm with poor mobility in the right abdomen. Laboratory tests indicated a white blood cell count of 12.00 × 109/L (normal range 3.5–9.5 × 109/L), D-dimer of 5.94 mg/L (normal range 0–0.5 mg/L), fibrinogen of 5.10 g/L (normal range 2–4 g/L), C-reactive protein of 99.90 mg/L (normal range 0–10 mg/L), and CA-reactive protein of 99.90 mg/L (normal range 0–10 mg/L). Additionally, CA-199 was elevated at 47.76 U/mL (normal range 0–37 U/mL), non-small cell lung cancer antigen 21–1 was elevated at 28.16 ng/mL (normal range 0–3 ng/mL), neuron-specific enolase was elevated at 67.66 ng/mL (normal range 0–16.3 ng/mL), prolactin was elevated at 35.62 ng/mL (normal range 2.1–17.7 ng/mL), estradiol was lower than normal at 26.33 pg./mL (normal range 35–245 pg./mL), testosterone was elevated at 179.32 ng/mL (normal range 1.75–7.81 ng/mL), beta-human chorionic gonadotropin (β-hCG) was markedly elevated at 937,268.00 mIU/mL (normal range 0–5 mIU/mL), and EBV antibody IgG was 4.06 (positively expressed).

The patient underwent an enhanced CT examination, revealing bilateral enlarged breasts (Figure 1A), empty scrotums bilaterally, with the testes not visualized (Figure 1B). A roundish mass with heterogeneous density was observed in the pelvis, post-enhancement, the mass exhibited heterogeneous mild enhancement (Figures 1C,D). Multiple enlarged lymph nodes were identified in the retroperitoneum, merging with one another, encircling the abdominal aorta and vessels, resulting in displacement of surrounding organs (Figure 1E). Additionally, multiple hypodense foci, characterized by ring-shaped and mild enhancement, were detected in the liver (Figure 1F). Furthermore, multiple rounded hyperdense nodules were observed in both lungs (Figure 1G). Following a thorough physical examination, laboratory tests, and CT imaging, the clinician initially suspected the presence of seminomas and metastases.
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FIGURE 1
 Computed tomography (CT) images of male choriocarcinoma with multiple systemic metastases (December 15, 2018). (A) The transverse image reveals bilaterally enlarged breasts (long arrows). (B) The transverse image displays empty scrotums bilaterally, with the testes not visualized (long arrows). (C) A roundish mass with heterogeneous density is observed in the pelvis, featuring eggshell-like calcifications at its margins (long arrows). (D) The transverse image in the arterial phase shows heterogeneous mild enhancement of the lesion, with evident thickening of blood-supplying arteries, areas of necrotic cystic degeneration in the interior, and tortuous, dilated veins in the surrounding area (long arrows). (E) The coronal image in the venous phase reveals multiple enlarged lymph nodes in the retroperitoneum, merging with one another (dashed arrows). (F) The transverse image in the venous phase exhibits multiple hypodense foci in the liver, characterized by ring-shaped and mild enhancement (arrowheads). (G) The transverse image depicts multiple rounded hyperdense nodules in both lungs (arrowheads).


For staging, the patient underwent further 18F-FDG PET/CT (Figures 2A,B). The 18F-FDG PET/CT scan, performed utilizing Siemens Biograph Truepoint 64 PET/CT machine, was conducted 60 min after the intravenous administration of 18F-FDG (6.1 mCi), revealing multiple soft tissue nodules in both lungs with significantly increased 18F-FDG uptake (SUVmax = 12.7, Figure 2C). The liver exhibited multiple slightly hypodense nodules and masses, characterized by markedly increased 18F-FDG uptake (SUVmax = 38.6). The larger liver mass measured approximately 3.6 cm × 2.1 cm (Figure 2D). In the retroperitoneum, numerous intermingled soft tissue masses with markedly increased 18F-FDG uptake (SUVmax = 13.1) were observed, with the largest dimension measuring about 16.2 cm × 16.3 cm. Additionally, patchy calcifications were evident within this area (Figure 2E). A soft tissue mass of irregular shape was identified in the right pelvis, displaying unevenly increased 18F-FDG uptake (SUVmax = 19.5). The maximum dimensions of this mass were approximately 12.0 cm × 15.2 cm, with areas of cystic necrosis and calcifications noted (Figure 2F). Markedly increased 18F-FDG uptake (SUVmax = 11.8) was detected at the thoracic 11 vertebral attachments (Figure 2G). Notably, no testes were visualized in the bilateral scrotum. The bilateral breast glands exhibited thickening with a slight increase in 18F-FDG uptake (SUVmax = 1.2, Figure 2H).
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FIGURE 2
 18F-FDG PET/CT images of male choriocarcinoma with multiple systemic metastases (December 20, 2018). (A) The anteroposterior 3-dimensional maximum intensity projection (MIP) image demonstrates increased metabolic activity in the both lungs, abdominal cavity, and pelvic cavity. (B) The sagittal fusion image demonstrates increased metabolic activity in the liver, retroperitoneum and pelvis. (C) Transverse images reveal multiple soft tissue nodules in both lungs with significantly increased 18F-FDG uptake (SUVmax = 12.7). (D) Transverse images reveal the liver exhibiting multiple slightly hypodense nodules and masses, characterized by markedly increased 18F-FDG uptake (SUVmax = 38.6). (E) Transverse images depict, in the retroperitoneum, numerous intermingled soft tissue masses with markedly increased 18F-FDG uptake (SUVmax = 13.1). (F) Transverse images identify a soft tissue mass of irregular shape in the right pelvis, displaying unevenly increased 18F-FDG uptake (SUVmax = 19.5). The maximum dimensions of this mass are approximately 12.0 cm × 15.2 cm, with areas of cystic necrosis and calcifications noted. (G) Transverse images reveal markedly increased 18F-FDG uptake at the thoracic 11 vertebral attachments (SUVmax = 11.8). (H) Transverse images show the bilateral breast glands exhibiting thickening with a slight increase in 18F-FDG uptake (SUVmax = 1.2).


The patient underwent CT-guided puncture biopsy of a lesion on the liver, extensive hemorrhage was seen microscopically with typical features of choriocarcinoma. The tumor consists of mononuclear cytotrophoblasts and multinucleated syncytiotrophoblasts (Figures 3A,B). Immunohistochemistry showed positive expression of HPL (Figure 3C), β-HCG (Figure 3D), CD34 (vascular), CK7, CK19 and SALL-4. In addition, Ki-67 was observed to be positive in 90% of the tumor cells. The pathologic diagnosis confirmed choriocarcinoma metastasis.
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FIGURE 3
 Histopathological and immunohistochemical images of choriocarcinoma (December 22, 2018). (A,B) Hematoxylin–eosin (HE) staining (magnification ×200 and 400) showed extensive hemorrhage and characteristic features indicative of choriocarcinoma. (C,D) Immunohistochemistry showed that the tumor cells were positive for HPL and β-HCG (magnification ×200).


After confirming the absence of contraindications to chemotherapy, the patient underwent treatment with an eight-cycle regimen consisting of etoposide (200 mg/d1–4), cisplatin (40 mg/d1–3), and bleomycin (30 U/d1,5). According to RECIST guidelines, subsequent CT examinations indicated stable disease (SD) in the patient’s status. Considering the patient’s chemotherapy tolerance, a collaborative decision was made to initiate a four-cycle course of anti-tumor therapy using the PD-1 antibody (pembrolizumab). Unfortunately, the patient experienced adverse effects of diarrhoea during this treatment phase. At the conclusion of the Avelumab treatment, follow-up CT scans revealed an increase in size of metastatic lesions in both lungs and liver, accompanied by the emergence of multiple metastases in the vertebral body (Figure 4A). Due to an inadequate response to pembrolizumab, the patient was subsequently treated with the regimen of “methotrexate (1.5 g) + actinomycin (0.4 mg).” Two weeks post-treatment initiation, the patient presented with dizziness and headache. A cranial MRI disclosed a rounded lesion in the left frontal lobe with high signal on T2WI (Figure 4B), measuring approximately 1.7 cm in diameter, and exhibiting inhomogeneous annular enhancement (Figure 4C). Nine days later, the patient’s secondary epileptic symptoms exacerbated, with a repeat MRI showing an enlarged frontal lobe lesion surpassing its previous size (Figure 4D). Additionally, new bilateral occipital lobe metastases were evident (Figure 4E). Despite medical recommendations, the patient declined further treatment and succumbed to the illness 2 weeks later. The patient’s overall survival was a mere 5 months following diagnosis.

[image: Figure 4]

FIGURE 4
 CT images and magnetic resonance images after treatment for choriocarcinoma (May 5 & 14, 2020). (A) The sagittal bone window CT image reveals multiple metastases in the vertebral body. (B,C) The T2-weighted imaging (T2WI) and enhanced images indicate the development of brain metastases in the patient. (D,E) Subsequent scans after 9 days demonstrate an enlargement and increased size of the patient’s brain metastatic lesions compared to the previous images in both T2WI and enhanced sequences.




Discussion

Germ cell tumors encompass various cell types, broadly categorized into seminoma and non-seminoma. Non-seminomatous germ cell tumors (NSGCTs) exhibit four subtypes: embryonal carcinoma, yolk sac tumor, teratoma, and choriocarcinoma, often displaying a combination of seminomatous and non-seminomatous components. Choriocarcinoma, the rarest subtype, lacks a clear etiology in males, potentially associated with various risk factors such as Klinefelter syndrome, cryptorchidism, exposure to radiation, and more. Cryptorchidism may be one of the significant factors contributing to testicular choriocarcinoma. It has been reported that the likelihood of choriocarcinoma in cryptorchidism patients is 20–40 times higher compared to individuals with normal testes (65, 66). The absence of the testicle in this particular case may be a significant factor contributing to the development of testicular choriocarcinoma.

Due to its pronounced invasiveness into blood vessels and tissues, extensive hemorrhage, necrosis, and lymphovascular invasion are common findings (67). Choriocarcinoma primarily metastasizes hematogenously, resulting in early and extensive dissemination to sites such as the lungs, liver, skin, retroperitoneal lymph nodes, gastrointestinal tract, and central nervous system (37, 68–71). In this case, the diagnosis of choriocarcinoma was established at an advanced stage, with multiple metastases already present throughout the body. A thorough medical history and examination are necessary to detect the primary lesion. Characteristics of the typical choriocarcinoma patient history include pregnancy-relatedness, elevated β-hCG levels, abnormal uterine bleeding, and vaginal bleeding. Patients with choriocarcinoma usually have a history of multiple pregnancies. Primary choriocarcinoma is extremely rare in men, manifesting with specific signs such as breast feminization, testicular atrophy, and loss of libido.

The determination of serum tumor markers, specifically serum β-hCG and AFP, proves beneficial in choriocarcinoma diagnosis as they are elevated in approximately 80% of cases. Our case report demonstrates markedly elevated serum β-hCG, produced by syncytiotrophoblasts, indicating its diagnostic relevance. Monitoring the serum concentration of β-hCG also aids in assessing treatment response. According to the International Cooperative Organization for Germ Cell Cancer, a β-hCG level exceeding 50,000 mIU/mL signifies a poor prognosis. Some patients may manifest hyperthyroidism or bilateral gynecomastia, attributed to markedly elevated serum β-hCG levels, often exceeding 50,000 mIU/mL (66, 72). In our case, elevated β-hCG levels stimulated supraphysiological testosterone secretion, subsequently aromatized to estradiol, resulting in gynecomastia. Following chemotherapy, a substantial decrease in β-hCG levels was observed, aligning with existing literature. In addition to the abnormal laboratory results, elevated white blood cell count may indicate an underlying infection or inflammation. Elevated levels of D-dimer, C-reactive protein, and fibrinogen may suggest a hypercoagulable state, which could be related to the patient’s malignancy. Elevated tumor markers and neuron-specific enolase levels may indicate an underlying malignancy. Elevated prolactin and testosterone levels and a low estradiol level may suggest an endocrine disorder, potentially related to the patient’s breast development and gynecomastia. Furthermore, positive EBV antibody IgG suggests a previous Epstein–Barr virus infection, which may have contributed to the patient’s condition.

The pathogenesis of extragonadal choriocarcinoma has been a subject of prolonged debate, currently revolving around three hypotheses (73). First, the tumor is postulated to arise from retained primordial germ cells that undergo abnormal migration during embryogenesis (74). Second, it is proposed that the lesion originates from the transformation of a nontrophoblastic neoplasm (75). The third hypothesis suggests that the tumor results from the metastasis of choriocarcinoma from the gonads, accompanied by the spontaneous regression of the primary choriocarcinoma in the gonads.

Histologically, choriocarcinoma is distinguished by a biphasic pattern featuring mononucleated cytotrophoblast cells (including intermediate trophoblast cells) alongside multinucleated syncytiotrophoblasts, with an absence of chorionic villi. The former cells organize lamellarily to form a villous structure, while the latter secrete β-hCG and human placental lactogen (HPL), observable at the tumor progression margin (76–78). Immunohistochemistry plays a crucial role in the differential diagnosis of relevant diseases (79). GATA binding protein 3 (GATA-3), Spalt-like transcription factor 4 (SALL-4), Cytokeratin (CK) AE1/AE3, and 3-beta-hydroxysteroid dehydrogenase type 1 (HSD3B1) have been identified as potential immunohistochemical markers for gestational choriocarcinoma (80, 81). A high Ki-67 proliferation index is noted in over 90% of choriocarcinoma cases (1). Immunohistochemistry holds significance in the differential diagnosis of relevant diseases.

The imaging characteristics of choriocarcinoma lack distinctive features that differentiate it from other types of germ cell tumors, making its initial diagnosis challenging. However, a comprehensive pre-operative workup, including clinical imaging assessments, remains crucial. There is a scarcity of studies reporting imaging features of retroperitoneal choriocarcinoma in men (82). On CT scans, the lesion typically exhibits a large central necrosis with common occurrences of bleeding and ring enhancement of solid components at the tumor margins. MRI findings include a mixed high signal on T1WI and T2WI associated with combined hemorrhage. Striped hypointensity on both T1WI and T2WI at the tumor margin suggests the possibility of old hemorrhage. In our presented case, CT revealed a cystic solid tumor with eggshell-like calcification at the margin, and an enhancement scan displayed circumferential enhancement, with patchy non-enhanced necrotic areas within the lesion. Due to the rapid growth of choriocarcinoma, histologically, the lesion lacks interstitial blood vessels, relying on the invasion of blood vessels for nutrition, leading to frequent internal necrosis. While CT served as the initial diagnostic modality in our case study, it proved insufficient in revealing metastatic details.

18F-FDG PET/CT emerges as a noninvasive tool, showcasing its exceptional utility in discerning the metabolic activity of tumors. It proves particularly advantageous in delineating the staging of choriocarcinoma, tracking relapse, and assessing therapeutic response (18, 24, 33, 47). PET/CT effectively identifies occult choriocarcinoma lesions that may elude detection through conventional imaging methods such as MRI or CT (30). In the case under scrutiny, 18F-FDG PET/CT provided comprehensive insights into the extent of systemic involvement of the tumor. Another pivotal role of 18F-FDG PET/CT in choriocarcinoma management lies in its ability to monitor treatment response. Radiological assessment using 18F-FDG PET/CT should be incorporated at the end of treatment and annually during follow-up. The existing literature on choriocarcinoma is predominantly comprised of case reports, highlighting its heightened metabolic state with significant 18F-FDG uptake, indicative of robust trophoblastic proliferation and the tumor’s highly aggressive nature (13). However, a subset of cases has demonstrated low 18F-FDG accumulation in metastatic nodules from choriocarcinoma, potentially influenced by hemorrhagic and/or necrotic components affecting 18F-FDG avidity (83). The reported SUVmax range for choriocarcinoma spans from 2.0 to 27.5, encompassing various studies (13, 16, 20, 21, 23, 26, 28, 30, 31, 33, 36, 45–47, 49, 51, 53, 54, 60–62, 64, 83).

The treatment approach for choriocarcinoma is contingent upon the disease’s stage (66). Non-gestational choriocarcinomas often receive a diagnosis in advanced or metastatic stages. Inaba et al. propose neoadjuvant chemotherapy to reduce tumor volume or high-dose chemotherapy before cytoreductive surgery (84). Currently, there is no standardized chemotherapy regimen for primary choriocarcinoma in males, with high-intensity chemotherapy regimens commonly employed, similar to those used for female choriocarcinoma. Frequently utilized chemotherapy protocols include EMA/CO (etoposide, methotrexate, actinomycin D, cyclophosphamide, and vincristine) and TP (paclitaxel and cisplatin). It is acknowledged that male patients often develop resistance to cytotoxic chemotherapy, leading to a grim prognosis. Factors such as poor response to chemotherapy, high disease burden, brain metastasis, and hemoptysis at the time of diagnosis correlate with shorter survival times in male primary choriocarcinoma patients, with a median overall survival of approximately 6 months and a 1-month mortality rate of 23.8% (85–90). In this study, the patient received treatment with etoposide, cisplatin, and bleomycin; however, metastases remained uncontrolled, resulting in the patient’s demise due to increased intracranial pressure and secondary epilepsy exacerbated by enlarged brain metastases. The overall survival was only 5 months. A consistent phenomenon observed in patients with poor prognoses was a rapid decrease in β-hCG to a lower level during treatment, followed by a sharp rise during disease relapse (91). Liu et al. suggest that, for advanced patients, a combination of adjuvant chemoradiotherapy with palliative surgery is recommended. If serum β-hCG drops to a normal level and residual lesions persist, salvage surgery to achieve an R0 status is considered worthwhile (76).

As the medical field advances, ongoing exploration and application of new treatment modalities persist. In a pre-clinical model, PD-L1 overexpression was identified in gestational trophoblastic specimens, suggesting the potential role of this ligand in tumor-immune evasion (92). Veras et al. (93) reported PD-L1 expression in human placentas and gestational trophoblastic diseases, including choriocarcinoma. Ghorani et al. (92) documented four cases of drug-resistant gestational trophoblastic neoplasia treated with pembrolizumab. Among these cases, all displayed PD-L1 overexpression, and three out of four patients achieved remission. The lack of response in one patient was attributed to the absence of tumor-infiltrating lymphocytes. In a recent phase II, single-arm, prospective trial (CAP 01), the efficacy and safety of camrelizumab (PD-1 inhibitor) combined with apatinib (vascular endothelial growth factor (VEGF) receptor inhibitor) were evaluated in patients with high-risk chemo-refractory or relapsed gestational trophoblastic neoplasia. The study included 20 patients (19 with gestational choriocarcinoma and one with placental site trophoblastic tumor). Notably, 50% of enrolled patients achieved a complete response with the combination of the two drugs, and none of the patients with a complete response experienced disease recurrence after discontinuation of the treatment (94). Contrastingly, in a study by Adra et al. (95), only one of three male patients with choriocarcinoma exhibited PD-L1 overexpression, and none of the three patients achieved an objective response to pembrolizumab treatment. These findings suggest that PD-1/PD-L1 blockade therapy may not be universally effective in all male patients. It is posited that the therapeutic efficacy of PD-1/PDL1 blockade varies based on clinicopathological features such as PD-L1 overexpression and the presence of tumor-infiltrating lymphocytes.



Conclusion

In conclusion, non-gestational choriocarcinoma represents a rare entity in clinical practice and should be considered in young men presenting with gynaecomastia and elevated β-hCG levels alongside normal gonads. Thus, we advocate for a more comprehensive inquiry into medical history and a systematic examination. Male primary choriocarcinoma is often associated with widespread metastatic disease, rapid disease progression, and a poor prognosis. Early diagnosis is paramount for formulating an optimal management strategy and minimizing widespread metastasis to achieve the best clinical outcome. The case elucidated in this report contributes to a deeper understanding of the disease for clinicians. The 18F-FDG PET/CT examination not only visually delineates the lesion’s location and extent but also serves as a cornerstone for clinical tumor staging, providing valuable support for treatment monitoring and subsequent follow-up.
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18F-FDG PET/CT revealed sporadic schwannomatosis involving the lumbar spinal canal and both lower limbs: a case report
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Schwannomatosis is a rare autosomal dominant hereditary syndrome disease characterized by multiple schwannomas throughout the body, without bilateral vestibular schwannoma or dermal schwannoma. The most common location of schwannomatosis is the head and neck, as well as the limbs, while multiple schwannomas in the lumbosacral canal and lower extremities are relatively rare. In this study, we report a 79-year-old woman diagnosed with schwannomatosis. MRI and contrast-enhanced imaging revealed multiple schwannomas in both lower extremities. An 18F-FDG PET/CT examination revealed that in addition to multiple tumors with increased 18F-FDG uptake in both lower extremities, there was also an increased 18F-FDG uptake in a mass in the lumbosacral canal. These masses were confirmed to be schwannomas by pathology after surgery or biopsy. 18F-FDG PET/CT findings of schwannomas were correlated with MRI and pathological components. Antoni A area rich in tumor cells showed significant enhancement on contrast-enhanced T1WI, and PET/CT showed increased uptake of 18F-FDG in the corresponding area, while Antoni B region rich in mucus showed low enhancement on contrast-enhanced T1WI, accompanied by a mildly increased 18F-FDG uptake.
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Introduction

Schwannomatosis is a very rare disease with an incidence of 0.58 cases per 1 million people per year (1, 2), which was officially named in 1973 by Niimura (3). In 1997, the National Institutes of Health classified schwannomatosis as the third subtype of neurofibromatosis, namely NF3 (4, 5). It differs from types 1 and 2 neurofibromatosis in genetics, pathology, and clinical features, but due to insufficient understanding of the disease, it is often misdiagnosed clinically as one of the two subtypes (6). NF1 is mainly characterized by multiple café-au-lait spots on the skin, retinal iris patches, subcutaneous, or fascicular neurofibromas, and its occurrence is related to the loss of the NF1 tumor suppressor gene mutation (7, 8). NF2 is mainly characterized by bilateral vestibular schwannomas and can be accompanied by cataracts and tumors in other parts such as the brain, spinal cord, and periphery, and its occurrence is mainly caused by germline or somatic mutations and deletions of the NF2 gene (9, 10). Schwannomatosis (NF3) is characterized by having multiple schwannomas throughout the body without bilateral vestibular schwannomas or dermal schwannomas, and according to whether the tumors have a genetic basis, which can be divided into sporadic and familial forms (11). Among them, familial cases account for 13–25% of schwannomatosis, most of which are characterized by multiple peripheral nerve or spinal nerve root schwannomas (2, 12). Sporadic cases account for the majority of schwannomatosis, and there is no familial clustering or genetic susceptibility (13). In this study, we report a rare sporadic case of schwannomatosis with pathologic and genetic diagnostic support. The aim is to share our experience in the clinical diagnosis and treatment of schwannomatosis to better understand the rare entity of sporadic schwannomatosis.



Case description

A 79-year-old woman presented with painless masses on both lower limbs in May 2012. In the past 3 months, the patient found that some of these lumps were gradually increasing, and she came to the Affiliated Hospital of Zunyi Medical University for medical help in May 2021. Both the patient and her family had no history of cancer or genetic diseases. Physical examination found multiple soft tissue masses approximately 1 cm above the skin surface in both lower limbs, no ulceration or purulent secretions, and no positive signs in other parts of the body. Laboratory tests and serum tumor markers were all within the normal reference range upon admission. Low-limb magnetic resonance imaging (MRI) showed fusiform low-signal soft tissue swelling at the proximal and distal ends of the right tibia subcutaneously, with clear boundaries and significant enhancement after the injection of contrast agent, showing increased signals in lower limb lesions (Figure 1). Subsequently, the patient underwent fluorine-18-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) to evaluate the systemic condition. The results showed that multiple 18F-FDG uptake nodules increased in the first lumbar vertebra, the lateral side of the right ischial tuberosity, the upper part of the thigh, the lower part of the left thigh, and the right calf (Figure 2). Moreover, additional multiple high-metabolic non-specific lymph nodes were observed in the mediastinum. Subsequently, the patient underwent bilateral resection of the lower extremity tumor and an intraspinal tumor biopsy at the level of the first lumbar spine under anesthesia. The histopathological results showed that these tumors had the same pathological properties and were all schwannomas (Figure 3). Genetic testing indicated that the patient had an SMARCB1 gene mutation in the blood. The patient received anti-inflammatory treatment for 7 days postoperatively and was discharged with a good general condition. Up to now, the patient has been followed up for 30 months, and there are no signs of tumor recurrence in the surgical area of both lower limb tumors, nor have any nerve compression symptoms such as numbness or pain in either lower limb been found.

[image: Figure 1]

FIGURE 1
 Magnetic resonance imaging [MRI; (A) T2-weighted imaging (T2WI); (B) T1-weighted imaging (T2WI)] reveals that there are fusiform soft tissue masses with low signal on T1WI and high signal on T2WI under the skin of the proximal tibia on the left and the distal tibia on the right, of which boundaries are clear. Contrast-enhanced T1WI sequence scan after contrast agent injection [(C) Coronal; (D,E) Axial; (F) Sagittal view shows small nodules of markedly enhanced soft tissue in the middle of the left calf (arrows)] revealed significant enhancement in both lower extremity lesions.
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FIGURE 2
 18F-FDG PET/CT [(A,a) Maximum intensity projection (MIP)] was subsequently performed to further evaluate the patient’s whole-body condition and revealed multiple nodules of hypermetabolic uptake in the lumbar spinal canal (black arrow) and lower limbs (white arrows). Besides, multiple high metabolic nonspecific lymph node uptakes were observed in the mediastinum (asterisk arrow). Tomographic images show multiple soft tissue density nodules with high FDG uptake on the lateral side of the right ischial tuberosity [(B) CT; (C) PET/CT fusion; arrows], upper thigh [(D) CT; (E) PET/CT fusion; arrows], middle [(F) CT; (G) PET/CT fusion; arrows] and lower left thigh [(b) CT; (c) PET/CT fusion; arrows], upper [(d) CT; (e) PET/CT fusion; arrows] and middle leg [(f) CT; (g) PET/CT fusion; arrows; SUVmax 7.5], and lower right leg [(h) CT; (i) PET/CT fusion; arrows]. In addition, isomuscular signal on T1WI (H, arrow) and high metabolic uptake nodule on PET/CT (I, arrow) were also observed in the posterior spinal canal of the first lumbar spine.
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FIGURE 3
 (A) Histological examination shows tumor cells are spindle-shaped, bundle-shaped, and focal fence-shaped (hematoxylin–eosin stain, original magnification ×100). Immunohistochemistry shows that tumor cells positively express PGP9.5 (B), S100 (C), and vimentin (D).




Discussion

Schwannomatosis is rare clinically and can occur in any age group, with the most common occurrence being between 30 and 60 years old, without significant differences in incidence rates between male and female patients (14, 15). Its characteristic feature is multiple schwannomas throughout the body without bilateral vestibular schwannomas or cutaneous neurofibromas, which belong to autosomal incomplete penetrance inheritance disease (16). The mechanism of this disease has not been thoroughly studied yet and may be related to abnormal expression of gene mutations. According to literature records, the abnormal expression of genes such as SMARCB1 (INI1), the LZTR1 gene, and the NF2 gene has been reported more frequently as possible causes of neurofibromatosis patients’ onset, among which the SMARCB1 gene is considered the susceptibility gene for neurofibromatosis (17, 18). The clinical manifestations of this disease are atypical. Symptoms of nerve compression vary depending on the location of the tumor, with neuropathic pain resulting from compression of adjacent tissues being the primary symptom. The patient we reported was a 79-year-old woman, whose primary clinical symptoms were multiple painless masses in her lower limbs that had been present for years. There are slight differences in the age of onset and clinical symptoms compared to those reported for schwannomatosis in the literature.

Schwannoma is a tumor composed of mixed Schwann cells, perineurial-like cells, and fibroblasts, with scattered nerve fibers, linear collagen bands, and mucoid matrix (19). It is mostly round or lobulated, well-defined, encapsulated, of moderate hardness or elasticity, without fluctuation, and when the larger tumor appears to have mucoid degeneration, a puncture can draw out non-coagulating bloody fluid (20). Microscopically, schwannomas show spindle-shaped tumor cells arranged in two phases: some cells are closely adjacent to nuclear palisade-like arrangements (with Verocay bodies in the Antoni A area), while other areas only see loose aggregation of cells on a mucoid background (Antoni B area) (21, 22). The lesion often exhibits prominent thick-walled blood vessels, along with frequent occurrences of mucoid degeneration, hemorrhage, and calcification within the tumor. Immunohistochemically, there was diffuse strong positive expression of S100 and SOX10 (23–25), focal positive expression of glial fibrillary acidic protein (GFAP) in some cases, focal keratin positivity in a few cases, while negative for melanocyte-specific markers HMB45 and melan-A (24, 26). The patient underwent bilateral lower limb tumor resection and intraspinal tumor biopsy at the level of the first lumbar spine, which microscopically showed that these tumors were composed of Antoni A areas rich in spindle cells and Antoni B areas rich in mucoid substance. Immunohistochemical results showed that PGP9.5, S100, and vimentin were all positive, consistent with the histopathological features of schwannoma.

The presentation of schwannomatosis frequently manifests as imaging features characteristic of schwannoma. The CT scan typically reveals a round or oval density with a well-defined boundary and a low-density shadow in some areas with cystic degeneration (27). The MRI findings of this condition are characterized by equal or low signals on T1WI and slightly high or high signals on T2WI (28, 29). Multifocal schwannoma in 18F-FDG PET/CT is rarely described in the literature and occurs more frequently in the head and neck, spinal canal, and upper limb (30–33). The cases we reported were located in the pelvis, lower limb, and lumbar spinal canal, which are rarely reported in the literature. These tumors have a certain correlation between 18F-FDG PET/CT and contrast-enhanced T1WI. The Antoni A region rich in tumor cells showed significant enhancement on contrast-enhanced T1WI, and the corresponding region presented increased 18F-FDG uptake on PET/CT. While Antoni B areas rich in mucoid substances show low enhancement on contrast-enhanced T1WI, accompanied by mildly increased 18F-FDG uptake. The comprehension of these findings is crucial for the exploration and elucidation of multifocal enhancements in 18F-FDG activity within schwannomas. The 18F-FDG uptake of schwannomas varies greatly with the components of the tumor. Moreover, our case showed that 18F-FDG PET/CT can also accurately locate each tumor in schwannomatosis, and more hidden lesions can be found. In addition, the diagnosis of schwannomatosis should exclude the presence of vestibular schwannoma, requiring an MRI examination for confirmation.

According to the diagnostic criteria for schwannomatosis developed by Mac Collin et al. (34), which include: (1) A confirmed diagnosis is defined as (a) age over 30 years and presence of at least two non-cutaneous neurofibromas, with at least one confirmed by pathological examination; absence of vestibular schwannoma confirmed by high-resolution MRI, and no constitutive mutation in the NF2 gene. (b) A pathologically proven schwannoma or meningioma and a first-degree relative with schwannomatosis. (2) Possible diagnoses: (a) age below 30 years or above 45 years and two or more non-intradermal schwannomas confirmed by pathological examination as schwannoma, without abnormal symptoms of the eighth cranial nerve function, and without constitutive mutations in the NF2 gene. (b) Imaging confirms non-vestibular schwannoma and one first-degree relative meeting the diagnostic criteria. The diagnosis of segmental schwannomatosis requires meeting definite or possible schwannomatosis diagnostic criteria limited to one limb or five adjacent spinal segments. Based on these diagnostic criteria, the patient we reported is consistent with the diagnosis of schwannomatosis.

The clinical manifestations and signs of this disease are very similar to NF1 and NF2, and consequently, they need to be distinguished from them. NF1 is characterized by coffee-au-Lait plaques, subcutaneous nodules, and Lisch nodules, while NF2 is characterized by bilateral vestibular schwannomas, which can be differentiated from schwannomatosis (35). High-resolution MRI (internal auditory canal thickness below 3 mm) confirmed the absence of bilateral vestibular schwannomas in the patient, so we highly suspected the diagnosis of schwannomatosis. Schwannomatosis is generally easier to distinguish from NF1 and simple NF2, but it is difficult to differentiate from mosaic NF2. Therefore, additional genetic testing was conducted on the excised tumors, revealing a mutation in the SMARCB1 (blood) gene, which validated our diagnosis.

The SMARCB1 gene (also known as INI1) is a tumor suppressor gene, whose mutation is associated with neurofibromatosis type 2 and schwannomatosis (36). The SMARCB1 gene is located at 22q11.23 and contains nine exons that encode the SMARCB1 protein, which has a tumor-suppressive function (37). Currently, more commonly reported genes that may lead to the development of schwannomatosis include the SMARCB1 (INI1) gene (38), the LZTR1 gene (39), and the NF2 gene (40). Among them, the SMARCB1 gene was first reported by scholars to be a susceptibility gene for schwannomatosis (5), and it was found that mutations in the SMARCB1 gene play a more prominent role in the pathogenesis of schwannomatosis (2). Moreover, many scholars believe that germline mutations in the SMARCB1 gene leading to abnormalities in the structure and functional expression of the protein may be the main cause of the development of schwannomatosis (41). Current studies show that mutations in this gene occur in 8–10% of sporadic schwannomatosis patients and 40–50% of familial schwannomatosis patients (11, 42).

The main treatment for schwannomatosis is surgical resection (43, 44). However, not all schwannomas necessitate surgery; it is typically reserved for patients with symptoms such as bleeding, pain, neurological dysfunction, and a tendency to malignant transformation (45–47). The main problem facing neurosurgeons today is to achieve complete tumor resection and prevent recurrence while maximizing the protection of neurological function under the premise of protecting nerve function (47). The surgical treatment of schwannomas depends on the size, location, and complexity of the tumor and should comprehensively consider the individual situation of the patient and implement the most appropriate personalized surgical plan for the patient. The majority of schwannomatosis cases are benign, thus indicating a favorable prognosis. Due to the small volume of the tumor in our patient’s lumbar spinal canal and the absence of corresponding clinical manifestations, further resection of the tumor in the lumbar spinal canal was not performed following bilateral lower limb tumor resection and lumbar spinal canal tumor puncture biopsy. The patient has a good prognosis, and no disease progression was observed during the follow-up period.



Conclusion

18F-FDG PET/CT contributes to the accurate localization of schwannomatosis and has certain imaging characteristics; namely, the Antoni A area rich in tumor cells showed increased uptake of 18F-FDG, while the Antoni B region rich in mucus only showed a mildly increased 18F-FDG uptake.
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A rare case of primary cardiac diffuse large B-cell lymphoma imaged with 18F-FDG PET/CT: a case report and literature review
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Background: One of the exceptionally rare forms of non-Hodgkin’s lymphoma (NHL) is primary cardiac lymphoma (PCL). The principal clinical manifestation in patients with PCL involves cardiac symptoms resulting from myocardial infiltration by lymphoma, including arrhythmias, heart failure, and chest pain. 18F-FDG PET/CT serves as a reliable and indispensable imaging modality for assessing clinically staging NHL.

Case report: We present a rare case involving a 72-year-old woman diagnosed with primary intracardiac diffuse large B-cell lymphoma. For further staging, the patient underwent 18F-FDG PET/CT, revealing multiple nodular soft tissue density lesions in the heart and pericardium exhibiting increased FDG metabolism (SUVmax = 12.1). The supradiaphragmatic and infradiaphragmatic segments of the inferior vena cava exhibited irregular morphology with localized nodular changes and increased FDG metabolism in the surrounding area (SUVmax = 9.7). Additionally, multiple enlarged lymph nodes were identified in the left axilla, mediastinum, and adjacent to the abdominal aorta, displaying heterogeneous FDG uptake with an SUVmax of 9.3, indicating lymphoma involvement. The above imaging findings suggested that the mass was a PCL. Hence, the patient underwent a combination of chemotherapy and immunotherapy using R-CDOP (rituximab, cyclophosphamide, liposomal doxorubicin, vincristine, and prednisone). Following two courses of treatment within a span of 2 months, there was a partial remission observed in the cardiac lymphoma and the enlarged lymph nodes.

Conclusion: The case elucidated in this report contributes to an enhanced understanding of the disease for clinicians, with 18F-FDG PET/CT providing comprehensive insights into the extent of cardiac involvement, as well as the engagement of extracardiac organs and pathologic lymph nodes. The 18F-FDG PET/CT examination not only visually delineates the lesion’s location and extent but also serves as a cornerstone for clinical tumor staging, offering valuable support for treatment monitoring and subsequent follow-up.
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Introduction

Cardiac and pericardial involvement by malignant lymphoma constitutes approximately 1% of cardiac tumors and 0.5% of extra-nodal non-Hodgkin’s lymphoma (NHL), representing a rare phenotype. Diffuse large B-cell lymphoma (DLBCL) is the most common type, but other cell types are also observed, such as T-cell lymphomas (1, 2). Epidemiological characteristics of primary cardiac lymphoma (PCL), according to a recent systematic review conducted in 2020, revealed a mean age of 62, a male preponderance, and a higher prevalence of cases in the Asian region followed by the European region (48% vs. 27%) (3).

One of the exceptionally rare forms of NHL is PCL. Defined by the WHO in 2015, PCL presents as a substantial lymphoma mass involving the heart and/or pericardium, with or without secondary lesions in other areas of the body. The incidence of PCL is a mere 0.056%, with only 10% identified as malignant, accounting for just 1% (4–6). While the right atrium and right ventricle are the most common sites of involvement, occurrences in the left ventricle have also been reported (4, 7). PCL exhibits a broad age range, primarily affecting the elderly and displaying a higher prevalence in men (8); it is more commonly observed in immunocompromised patients (9). The predominant symptoms are cardiac-related, contingent on the anatomical location within the heart. These include arrhythmias resulting from compressed cardiac conducting systems and manifestations of heart failure due to intra-cardiac blood flow obstruction. In some instances, PCL may even mimic myocardial ischemia or myocardial infarction (10). Petrich et al. (4) report constitutional symptoms, heart failure, and pericardial effusion as the most prevalent presenting symptoms and signs of PCL. Lymphoma-related symptoms, such as fever, night sweats, progressive weight loss, and other general systemic manifestations, are uncommon in PCL patients. Third-degree AV block constitutes an infrequent presentation of PCL. Complications may arise from mass effect, local invasion, or embolization (11).

The heart lacks lymphoid nodes, and PCL is believed to originate from the drainage of the epicardial lymph nodes (12). Although the pathogenesis of PCL remains elusive, it is potentially linked to recurrent infections and immune dysfunction, encompassing conditions like human immunodeficiency virus (HIV) infection, Epstein–Barr virus infection, congenital immunodeficiency, and allogeneic bone marrow and solid organ transplantation (2). Diagnosis hinges solely on histopathology and immunohistochemistry for precise identification, classification, and evaluation of proliferative activity (3, 5). Vogl et al. reported a successful CT-guided puncture of the cardiac tumor, enabling a prompt diagnosis of PCL and initiation of therapy without complications (13). Liquid cytology of cardiac or pleural effusion proves highly valuable. It’s essential to note that pericardial effusion cannot be directly attributed to pericardial involvement due to a lack of specific details regarding effusion detection, as cardiac insufficiency may also contribute (3). While DLBCL is the most prevalent histopathology, documented cases include Burkitt lymphoma, T-cell lymphoma, and plasmablastic lymphoma (14). In our case, cytologic analysis of drained pericardial fluid revealed DLBCL, with immunohistochemical staining confirming positivity for CD5. Given the patient’s comorbidities, including coronary artery disease and diabetes, no open chest biopsy was performed.

PCL is an extremely rare malignancy, constituting an oncologic emergency that proves fatal within a few months unless diagnosed and treated promptly (15). The principal clinical manifestation in patients with PCL involves cardiac symptoms resulting from myocardial infiltration by lymphoma, including arrhythmias, heart failure, and chest pain (4, 16). As of now, there is no specific biomarker for the early diagnosis of PCL. 2-Deoxy-2-[fluorine-18]-fluoro-D-glucose (18F-FDG) positron emission tomography combined with computed tomography (PET/CT) serves as a reliable and indispensable imaging modality for assessing clinically staging of DLBCL. Despite the rarity of primary cardiac lymphoma, some reports detailing the findings of 18F-FDG PET/CT imaging have been presented. Here, we present a rare case involving a 72-year-old woman diagnosed with primary intracardiac DLBCL, referred for 18F-FDG PET/CT imaging for staging. According to the World Health Organization (WHO), PCL can be diagnosed if it meets one of the following criteria: (i) primary lymphoma of the heart or pericardium; (ii) lymphoma with the initial cardiac-related symptoms; and (iii) lymphoma dominated by a cardiac mass (17). However, in the early stages, its clinical manifestations do not significantly differ from ordinary chest and heart diseases, often leading to limited attention being paid to the disease when patients present with symptoms such as chest pain or dyspnea (18).

In our comprehensive literature search on the PubMed database spanning from 2009 to 2023, utilizing keywords related to diffuse large B-cell lymphoma and 18F-FDG PET/CT, we identified a total of 20 available case reports. The summarized case reports are presented in Table 1.



TABLE 1 18F-FDG PET/CT manifestations of primary cardiac lymphoma.
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Case presentation

A 72-year-old woman presented with chest tightness and breath-holding symptoms a month before seeking medical attention, aggravated by physical activity and hindering her ability to recline at night. The patient had a history of coronary artery disease and diabetes mellitus; however, she has no family history of genetic disorders or tumors. Acute coronary syndrome was initially ruled out. Laboratory tests revealed CK-MB level at 1.5 ng/mL (normal range: 0–5 ng/mL), high-sensitivity troponin I at 19.3 ng/L (normal range: 0–0.04 ng/mL), and natriuretic peptide at 127.00 pg./mL (normal range: 0–100 pg./mL). Blood gas analysis indicated hypoxemia. The patient initiated diuretic treatment with oral furosemide. However, her breath-holding symptoms intensified after 2 weeks, leading to her hospital admission. An electrophysiology study showed third-degree atrioventricular block. A chest CT scan disclosed an enlarged and dysmorphic heart, displaying multiple nodular and clumped slightly hypodense foci in the heart and pericardium, along with effusions in the pericardium and pleural cavity (Figures 1A,B). The diagnostic imaging physician suspected a malignant tumor of interlobar origin in the heart. Subsequent tumor marker panel analysis revealed elevated CA125 at 203 U/mL (normal range: 0–35 U/mL), CYFRA21-1 at 5.40 ng/mL (normal range: 0–3.3 ng/mL), and NSE at 17.75 ng/mL (normal range: 0–16.3 ng/mL). Cytologic examination of pericardial and pleural effusions exhibited microscopic cells characterized by large, deeply stained nuclei, scanty cytoplasm, moderate cellular anisotropy, visible small nucleoli, and distinct nuclear fission images and apoptosis (Figure 2A). Immunohistochemical staining demonstrated positive expression of CD5, CD10, CD20, MUM1, and Bcl2 (Figures 2B–F). In addition, Ki-67 was observed to be positive in 40% of the tumor cells. In situ hybridization remained negative for Epstein–Barr virus (EBV)-encoded small RNAs (EBERs). The pathological diagnosis of cell smears and cell wax blocks in pericardial and pleural effusion confirms DLBCL.
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FIGURE 1
 Computed tomography (CT) images of primary cardiac lymphoma (PCL). Transverse (A) and coronal (B) images revealed multiple nodular and clumped slightly hypodense foci in the heart and pericardium, along with effusions in the pericardium and pleural cavity.
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FIGURE 2
 Histopathological and immunohistochemical images of PCL. Hematoxylin–eosin (HE) staining (magnification ×400) of the lesion (A) revealed microscopic cells characterized by large, deeply stained nuclei, scanty cytoplasm, moderate cellular anisotropy, visible small nucleoli, and distinct nuclear fission images and apoptosis. Immunohistochemical staining (400×) showed tumor cells were positive for the expression of CD5 (B), CD10 (C), CD20 (D), MUM1 (E), and Bcl-2 (F).


For further staging, the patient underwent an 18F-FDG PET/CT scan. The patient was instructed to follow a high-fat low-carbohydrate diet for 24 h prior to the 18F-FDG PET/CT study and to avoid strenuous exercise (34, 35). Additionally, a low carbohydrate meal was advised before starting the 6-h fasting period to maintain blood glucose levels below 11.1 mmol/L. In this examination, 3,000 units of unfractionated heparin was intravenously administered 15 min before FDG administration. The 18F-FDG PET/CT scan, performed utilizing Philips GXL-16 PET/CT machines, was conducted 60 min after the intravenous administration of 18F-FDG. To ensure optimal hydration, patients were instructed to consume 1,000 mL of water and empty their bladders after 60 min of quiet rest. Routine scans were conducted from the head to mid-thigh, with separate acquisitions of the head and torso. In alignment with the European Association of Nuclear Medicine Research Limited (EARL) standards, we reconstructed the SUVmax for improved reproducibility and comparability (36, 37). This revealed multiple nodular soft tissue density lesions in the heart and pericardium, exhibiting increased FDG metabolism (SUVmax = 12.1). The supradiaphragmatic and infradiaphragmatic segments of the inferior vena cava exhibited irregular morphology with localized nodular changes and increased FDG metabolism in the surrounding area (SUVmax = 9.7). Additionally, multiple enlarged lymph nodes were identified in the mediastinum, left axilla, and near the left kidney, displaying heterogeneous FDG uptake with an SUVmax of 9.3, indicating lymphoma involvement (Figure 3). The above imaging findings suggested that the mass was a PCL.
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FIGURE 3
 18F-FDG PET/CT images of PCL. The anteroposterior 3-dimensional maximum intensity projection image (MIP) demonstrated FDG-avid lesions on the heart, pericardium (long arrows) and multiple lymph nodes (dash arrows) (A). Transverse and coronal images showed multiple nodular soft tissue density lesions in the heart and pericardium exhibiting increased FDG metabolism (B). Enlarged lymph nodes were identified in the mediastinum displaying heterogeneous FDG uptake (C). The supradiaphragmatic segments of the inferior vena cava exhibited irregular morphology with localized nodular changes and increased FDG metabolism in the surrounding area (D). Enlarged lymph node was identified in the left axilla displaying heterogeneous FDG uptake (E). Enlarged lymph node was identified near the left kidney displaying heterogeneous FDG uptake (F).


Hence, the patient underwent a combination of chemotherapy and immunotherapy using R-CDOP (rituximab, cyclophosphamide, liposomal doxorubicin, vincristine, and prednisone). Following two courses of treatment within a span of 2 months, there was a partial remission observed in the cardiac lymphoma and the enlarged lymph nodes. She was closely monitored throughout the chemo-immunotherapy, with an established emergency plan in place to address potential complications, including arrhythmia and cardiac rupture.



Discussion

Clinical imaging examinations frequently provide crucial insights for the differential diagnosis of a cardiac mass. On CT, PCL typically manifests as multiple iso-attenuating to hypo-attenuating masses infiltrating the myocardium (15, 38). Noteworthy, CT reveals specific anatomical findings of unobstructed coronary arteries. In the case presented in this study, while CT served as the initial diagnostic modality for PCL, it fell short in revealing the details of myocardial and pericardial infiltration. Nevertheless, it did contribute additional information regarding extra-cardiac involvement. Presently, magnetic resonance imaging (MRI) stands as the preferred tomographic modality for investigating PCL, effectively distinguishing the mass from normal myocardial tissue through tissue characterization sequences (39). Beyond its radiation-free nature, MRI boasts advantages over CT, including high contrast and spatial resolution, making it the most useful modality for precisely defining the anatomy of the lesion. Kaida et al. (19) reported PCL to exhibit low signal on T1WI and high signal on both T2WI and fat suppression T2WI. Regrettably, our patient did not undergo a cardiac MRI examination.

18F-FDG PET/CT stands out as a noninvasive tool for discerning the metabolic activity of tumors, proving exceptionally beneficial in delineating the staging of malignant lymphoma, tracking relapse, and evaluating therapeutic response (40, 41). When a patient is referred for evaluation of a heart lesion or an area very close to the myocardium, additional dietary recommendations can be helpful. While numerous options exist to reduce normal glucose uptake by the myocardium, common recommendations may include advising the patient to follow a low-carbohydrate diet for 24 h prior to the 18F-FDG PET/CT study, or at the very least, consume a low-carbohydrate meal before the 6-h fasting period preceding the study (34, 35). A low-carbohydrate diet helps transition the myocardium from using glucose as its primary energy source to utilizing fatty acids, thereby reducing glucose uptake by the myocardium. Physiological FDG accumulation in the cardiac wall often interferes with the evaluation of cardiac lesions. Ishimaru et al. (42) underscored the significant role of heparin administration before FDG injection in detecting cardiac sarcoidosis. Heparin induces the release of free fatty acids into the circulation and serves to reduce the physiological FDG uptake by the myocardium (43, 44). Plasma glucose levels must be measured before administering FDG. If the plasma glucose level is 11 mmol/L (about 200 mg/dL) or higher, the 18F-FDG PET/CT study should be rescheduled or the patient excluded based on individual circumstances and the nature of the study being conducted. For patients with Hodgkin and non-Hodgkin lymphoma, 18F-FDG PET/CT has emerged as the standard procedure for staging, monitoring, and restaging the disease. During therapy assessment at mid-treatment and post-completion of chemotherapy, the Deauville score (DS) is recommended for distinguishing between responders and non-responders (45, 46). The DS is a clinical tool used to categorize patients with lymphoma based on the comparison between lesion and reference organ uptake of 18F-FDG, thus reflecting their disease status.

Notably, the existing literature on PCL predominantly comprises case reports, emphasizing its increased metabolic state with substantial FDG uptake (20). PCL may present as either multiple nodular lesions or extensive soft tissue masses (19, 21). The reported SUVmax range for cardiac lymphoma spans from 9.24 to 37 (5, 7, 10, 11, 14, 19–33). Kikuchi et al. (47) underscored a significantly elevated SUV in PCL patients compared to those with other cardiac malignant tumors (e.g., metastases, sarcoma) and benign tumors, demonstrating a lack of overlap. When imaging reveals increased 18F-FDG uptake in multiple cardiac tumors alongside significant pericardial effusion, PCL should be a primary consideration. In the case under scrutiny, 18F-FDG PET/CT provided comprehensive insights into both the extent of cardiac involvement and the absence of extracardiac organ participation. Another pivotal role of 18F-FDG PET/CT in PCL management lies in its ability to monitor treatment response, a critical aspect in restaging numerous common lymphoma types (48). Adequate repeatability and reproducibility are essential for the clinical management of patients and the use of FDG PET/CT within multicenter trials. The new developments in PET/CT have been shown to affect the SUVmax in lesions (49). Consequently, it is conceivable that patients examined on various PET/CT scanners, utilizing different hardware, software, and acquisition parameters, may yield varied SUVmax. In future studies, we recommend that researchers adopt scan acquisition and image reconstruction protocols that are consistent with the EARL Coordination Program (36, 37). This approach will not only enhance the reproducibility and comparability of our findings but also facilitate the meaningful comparison of results across different PET/CT scanners.

In contrast, during the restaging of lymphoma, MRI may persist in exhibiting contrast enhancement, potentially linked to residual inflammation or scar, even when the tumor is no longer metabolically active. Consequently, PET/CT emerged as the preferred modality for assessing treatment response in this scenario. To ensure unequivocal findings, the post-chemotherapy scan was conducted after a 12-h abstinence from a high-fat low-carbohydrate diet, aiming to achieve a favorable tumor-to-background contrast and mitigate potential confounding physiological myocardial uptake in the 18F-FDG PET/CT image. Differential diagnoses encompass benign myxoma, the most prevalent type of cardiac tumor, and angiosarcoma, the predominant malignant heart tumor typically located in the left cavities (50–52). While imaging examinations are valuable for detecting and characterizing cardiac masses, arriving at a definitive diagnosis remains challenging. Patient treatment and prognosis hinge significantly on the tissue type and biological behavior of the tumor.

The primary cause of mortality in PCL was heart failure, succeeded by sepsis and the progression of lymphoma. Less frequently observed causes included arrhythmia, embolism, cerebrovascular accidents, and sudden cardiac death (4). Existing strategies for PCL treatment encompass surgery, chemotherapy, radiotherapy, and immunotherapy. Complete resection was deemed unfeasible in our report due to the tumor’s extensive involvement of the pericardium and diffuse infiltration of the myocardium. Early diagnosis and the precise selection of chemotherapy and immunotherapy, guided by cardiac imaging and pathological examination, may significantly improve the prognosis of PCL in atypical locations. Prognostic risk factors include extracardiac involvement, immune deficiency, arrhythmias such as complete atrioventricular block, and left heart involvement (3). The impact of surgical interventions proved limited, necessitating careful consideration of surgical decisions, especially in patients diagnosed with cardiac lymphoma (53). In cases where clinical and radiological suspicions of PCL exist, aggressive diagnostic procedures should be implemented, and therapy initiated before irreversible cardiac damage ensues.

The CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone) regimen remains the conventional choice for treating DLBCL. However, the prognosis of PCL remains unfavorable; Rolla et al. (54) reported on 66 PCL patients, among whom 31 underwent a CHOP-based chemotherapy regimen, resulting in a median survival mean of 7 months. With the widespread use of rituximab (R), the integration of immunotherapy with chemotherapy (R-CHOP regimen) has become the preferred treatment for DLBCL, displacing surgical approaches, regardless of the tumor stage (55). Side effects, observed in approximately 10% of cases, include tumor lysis syndrome and sepsis. Additionally, chemotherapy carries the risk of significant thromboembolism, cardiac wall perforation, ventricular septal rupture, life-threatening arrhythmias, and pericardial effusion. While surgical management does not constitute the primary treatment, prompt surgical debulking is indicated in patients with acute and severe presentations, especially those experiencing rapidly progressing heart failure. Therefore, clinicians must maintain a heightened vigilance index and provide timely interventions to optimize patient prognosis.



Conclusion

In conclusion, PCL is a rare entity in clinical practice, often associated with a poor prognosis. The advent of 18F-FDG PET/CT has marked a significant stride, expanding the potential evaluation capabilities of conventional imaging (MRI and CT). When high 18F-FDG uptake is evident in multiple cardiac tumors, accompanied by a considerable pericardial effusion, PCL should be considered a primary diagnostic consideration. The case elucidated in this report contributes to an understanding of the disease for clinicians, with 18F-FDG PET/CT providing comprehensive insights into the extent of cardiac involvement, as well as the engagement of extracardiac organs and pathologic lymph nodes. The 18F-FDG PET/CT examination not only visually delineates the lesion’s location and extent but also serves as a cornerstone for clinical tumor staging, offering valuable support for treatment monitoring and subsequent follow-up.
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Background: Retroperitoneal fibrosis, a condition of uncertain origin, is rarely linked to 8% of malignant cases, including breast, lung, gastrointestinal, genitourinary, thyroid, and carcinoid. The mechanism leading to peritoneal fibrosis induced by tumors is not well understood, possibly encompassing direct infiltration of neoplastic cells or the initiation of inflammatory responses prompted by cytokines released by tumor cells. We report a case of breast cancer with renal metastasis and retroperitoneal fibrosis detected using 18F-FDG PET/CT, providing help for clinical diagnosis and treatment.

Case report: A 49-year-old woman was referred to the hospital with elevated creatinine and oliguria for over a month. Abdominal computer tomography (CT) and magnetic resonance imaging (MRI) showed a retroperitoneal fibrosis-induced acute kidney injury (AKI) was suspected. However, a percutaneous biopsy of the kidney lesion confirmed metastasis from breast cancer. The physical examination revealed inverted nipples and an orange peel appearance on the skin of both breasts. Ultrasonography revealed bilateral hyperplasia (BIRADS 4a) of the mammary glands and bilateral neck and axillary lymphadenopathy. Subsequently, 18F-deoxyglucose positron emission tomography/computer tomography (18F-FDG PET/CT) detected abnormally high uptake (SUVmax) in the bilateral mammary glands and axillary lymph nodes, suggesting bilateral breast cancer. Furthermore, abnormal 18F-FDG uptake was detected in the kidney, suggesting renal metastasis. In addition, abnormal 18F-FDG uptake was observed in the vertebrae, accompanied by an elevation in inhomogeneous bone mineral density, raising suspicion of bone metastases. However, the possibility of myelodysplasia cannot be dismissed, and further investigations will be conducted during close follow-ups. There was significant 18F-FDG uptake in the retroperitoneal position indicating a potential association between retroperitoneal fibrosis and breast cancer. The final pathological diagnosis of the breast tissue confirmed bilateral invasive ductal carcinoma. The patient had been treated with 11 cycles of albumin-bound (nab)-paclitaxel (0.3 mg) and had no significant adverse reaction.

Conclusion: In this case, neither the bilateral breast cancer nor the kidney metastatic lesion showed typical nodules or masses, so breast ultrasound, abdominal CT, and MRI did not suggest malignant lesions. PET/CT played an important role in detecting occult metastases and primary lesions, thereby contributing to more accurate staging, monitoring treatment responses, and prediction of prognosis in breast cancer.
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Introduction

Retroperitoneal fibrosis is an uncommon disorder of unclear etiology, with 8% of cases associated with malignancies, among which breast cancer is a relatively common cause. The pathogenesis of peritoneal fibrosis caused by tumors remains unclear, potentially involving direct neoplastic cell infiltration or inflammatory reactions triggered by cytokines secreted by tumor cells. Retroperitoneal fibrosis is characterized by increased fibrotic deposition in the retroperitoneum, frequently leading to ureteral obstruction [1]. Herein, we report a case of breast cancer with retroperitoneal fibrosis and renal insufficiency as the first symptoms. Conventional imaging did not reveal any evidence of breast cancer or distant metastases. However, 18F-deoxyglucose positron emission tomography/computer tomography (18F-FDG PET/CT) images demonstrated increased 18F-FDG uptake in the breast and kidney, which was suspicious of bilateral breast cancer (BBC) with diffuse renal metastatic lesions. PET/CT plays a crucial role in detecting primary lesions and metastatic lesions, monitoring relapses, managing treatment, and improving patient prognosis. In addition, we summarized the basic information and clinical details of some cases with tumor-associated retroperitoneal fibrosis in Table 1.



TABLE 1 Literature review of tumor-related retroperitoneal fibrosis.
[image: Table1]



Case presentation

A 49-year-old woman was referred to the hospital with elevated creatinine and oliguria for over a month. The patient experienced abdominal pain and lower back pain with noticeable pitting edema in both lower extremities, along with decreased urine, without an apparent trigger over a month ago. The patient has no family history of the disease. Laboratory results revealed a serum creatinine level of 1,054 μmol/L and a hemoglobin level of 76 g/L, suggestive of acute kidney injury (AKI). Ultrasonography demonstrated bilateral hydronephrosis with widening of the proximal ureters and moderately low echogenicity around the abdominal aorta, suggesting that retroperitoneal fibrosis might be present. Abdominal CT and magnetic resonance imaging (MRI) (Figure 1) revealed bilateral kidney swelling, dilation of the bilateral kidneys, renal calyces, and upper ureters, accompanied by multiple retroperitoneal and bilateral perirenal exudations, suggestive of retroperitoneal fibrosis. No focal lesions were found in either kidney.

[image: Figure 1]

FIGURE 1
 Computed tomography images and magnetic resonance images. The coronal image shows bilateral hydronephrosis and enlarged kidneys (A,E). The axial images show diffuse lesions in the renal parenchyma, with no obvious masses detected (B,C,F,G). The axial image shows retroperitoneal multiple exudation (D,H).


AKI is likely attributed to post-renal obstruction secondary to retroperitoneal fibrosis. To further define the histological features of renal lesions and exclude the probability of primary kidney disease, a biopsy was performed of the lower pole of the right kidney. The biopsy of the lower pole of the right kidney demonstrated acute renal tubular necrosis and heterotypic cells in the renal tissue. The tumor cells have moderate dysplasia, form adenoid arrangements, and show an invasive growth pattern. Immunohistochemical results showed that P120-, HER2-, PR 90%, ER 90%, E-Cadherin-, GATA (3+), CKpan (3+), and Vimentin-. Combined with the results of immunohistochemistry, it was consistent with breast cancer metastasis. Therefore, the mammary gland of the patient was further examined. A physical examination of the patient revealed an orange peel change on the skin of both breasts and a bilateral inverted nipple. Breast ultrasound showed bilateral hyperplasia (BIRADS 4a) of the mammary glands with a reduced echo. Contrast-enhanced breast MRI was precluded by the patient’s compromised renal function and aimed at averting potential adverse reactions to the gadolinium contrast agent, including those associated with nephrogenic systemic fibrosis. Consequently, whole-body 18F-deoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) imaging was conducted to pinpoint the most reliable clinical biopsy site. Moreover, 18F-FDG PET/CT proves valuable in distinguishing between benign and malignant lesions, as well as in determining breast cancer staging, grading, and locating primary and metastatic tumor foci. The anteroposterior 3-dimensional maximum intensity projection (MIP) image demonstrated patchy metabolic elevation on both sides of the mammary glands, along with diffusely uneven metabolic foci in both kidneys (Figure 2A). Bilaterally dense mammary glands with a diffuse, mild 18F-FDG uptake were seen, with a maximum standardized uptake value (SUVmax) of 4.7. Bilateral local thickening of the breast skin with an SUVmax of 2.3 was found, which was higher on the right side. BBC was considered (Figure 2B). Enlargement of both kidneys with various degrees of 18F-FDG uptake is found, with an SUVmax at approximately 8.2 (Figure 2C). A patchy soft tissue density lesion is visible around the renal fascia and adjacent to the abdominal aorta, with mild 18F-FDG uptake, and the SUVmax is approximately 3.3 (Figure 2D). Furthermore, diffuse inhomogeneous 18F-FDG uptake was observed in bone lesions, characterized by an SUVmax of approximately 2.9. Additionally, inhomogeneous hyperintensities in bone mineral density were identified in the cones (Figures 2E,F), prompting suspicion of potential bone metastasis. Nevertheless, we cannot definitively exclude the possibility of myelodysplasia, and we will vigilantly monitor this concern during subsequent follow-up assessments. The lesions in the kidneys, bones, and retroperitoneal area were associated with the metastasis of breast cancer.

[image: Figure 2]

FIGURE 2
 18F-FDG PET/CT images. The MIP demonstrated patchy metabolic elevation on both sides of the mammary glands, as well as increased volume in both kidneys, accompanied by a diffusely uneven elevated metabolic lesion (A). The bilateral dense breast tissue shows diffuse mild 18F-FDG uptake, with an SUVmax of approximately 4.7. There is a local thickening of the skin in both breasts, with an SUVmax of 2.3, more prominent on the right side (B). The transverse images show inhomogeneous 18F-FDG uptake in the bilaterally enlarged kidneys, with an SUVmax of approximately 8.2 (C). The transverse images show right perirenal fascia thickening with a significantly higher uptake of an SUVmax of approximately 3.3 (D). The sagittal images show the heterogeneous bone density elevation with radioactive distribution, SUVmax of approximately 2.9 (E,F).


Subsequently, the bilateral mammary glands were examined histologically and immunohistochemically. Pathological examination (Figure 3) revealed grade II invasive lobular carcinoma with ER 90%, PgR 50%, P40-, E-cadherin-, P120++, GATA (3+), Ki67 15%, HER2-, and PD-L1- in both breasts. The clinician diagnosed stage IV invasive breast cancer. The presence of the BRCA1 gene mutation was identified in the germline of the BBC. Renal metastases due to breast cancer were diagnosed on the basis of immunohistochemistry. The patient was ultimately identified as having BBC accompanied by metastases to the bones, kidneys, and retroperitoneal location. Additionally, AKI was observed due to retroperitoneal fibrosis. A week later, after the contraindication of chemotherapy was excluded, the patient was treated with albumin-bound (nab)-paclitaxel (0.3 mg). At present, the chemotherapy has been 11 cycles, and the patient has had no obvious adverse reactions during the course of the chemotherapy. We are still following up.

[image: Figure 3]

FIGURE 3
 Histologic and immunohistochemical features of breast cancer. (A) Hematoxylin–eosin (HE) staining (×400). In immunohistochemical staining, the tumor cells were positive for ER (B) and GATA3 (C). Moreover, 15% of them were positive for Ki-67 (D) [magnification (B–D) × 200].




Discussion

Breast cancer represents 24.5% of all cancer cases in women. In 2022, breast cancer will have the highest incidence and mortality in most countries (10). BBC is uncommon and accounts for 1.4–12% of all breast cancers (11). Based on the time interval between the diagnosis of bilateral malignant tumors, BBC can manifest synchronously or asynchronously (12). The primary risk factors associated with BRCA1-related breast cancer include a family history of breast cancer, younger age (under 40 years old), multifocal cancer, a history of lobular carcinoma, inherited genetic mutations such as those in the BRCA1 and BRCA2 genes, and exposure to radiation (13–16). For BRCA1 mutation carriers, the risk of breast cancer increases substantially between the ages of 30 and 50, while for women with a BRCA2 mutation, the risks are highest between ages 40 and 60 (16). BRCA-related breast cancer is characterized by a more aggressive phenotype than sporadic breast cancer, with BRCA1-related breast cancer being more frequently high grade and triple negative, and BRCA2-related breast cancer being on average a higher histological grade than sporadic cases (17). The systematic review and meta-analysis conducted by Baretta et al. (17) showed that mutation carriers have worse overall survival than BRCA-negative/sporadic cases (hazard ratio, HR 1.30, 95% CI: 1.11–1.52) and worse breast cancer-specific survival than sporadic/BRCA-negative cases among patients with stage I–III breast cancer (HR 1.45, 95% CI: 1.01–2.07). In this particular case, the patient had no other risk factors, and genetic testing revealed a mutation in the BRCA1 gene. BRCA1 mutation carriers with breast cancer may benefit from treatment with cisplatinum (18) or olaparib (19) compared to those without a mutation. These data collectively indicate the important role of BRCA mutation status with respect to treatment decisions that may impact outcomes. Genetic mutation detection plays an essential role in the clinical management of breast cancer, as it enables physicians to more accurately identify the molecular characteristics of the disease, formulate personalized treatment plans, and predict the efficacy of therapy and patient prognosis (20, 21). Family members can understand their genetic risks through genetic counseling and undergo appropriate screening and management based on the recommendations of healthcare professionals. Moreover, studies have found that the infiltrating ductal type is the most common histology in BBC (22–24). Some studies indicate that the survival rates of patients with unilateral and BBC are comparable (25, 26). While routine radiological assessments, including mammography and ultrasonography, are conducted for women presenting with suspicious breast symptoms, these methods have certain limitations in diagnosing BBC (27). In addition, contrast-enhanced MRI is forbidden for patients with renal failure. In such a situation, PET/CT, in particular, is instrumental in detecting axillary extra-nodal disease and occult metastasis in patients with locally advanced breast cancer. Its role in assessing responses to neoadjuvant or adjuvant chemotherapy is continually evolving. In the detection of suspected recurrences, it proves more effective than traditional imaging modalities (28).

Retroperitoneal fibrosis is a rare condition of diverse etiology, associated with radiotherapy, aortic aneurysms, infections, and malignancy (29). Eight percent of cases are associated with malignancies (30). Common tumors leading to retroperitoneal fibrosis include breast, lung, gastrointestinal, genitourinary, thyroid, lymphoma, sarcoma, and carcinoid (31). The pathogenic mechanism of peritoneal fibrosis induced by tumors is unknown. It may result from a desmoplastic reaction of the retroperitoneum to malignant cells, an inflammatory reaction, or cytokines secreted by the tumor (30). We have compiled a subset of cases presenting with tumor-associated retroperitoneal fibrosis, and the basic information and clinical details are summarized in Table 1. In the literature, several cases of malignant retroperitoneal fibrosis associated with breast cancer have been documented, with the majority of reported cases featuring a history of breast cancer in the patients (1, 2, 4). Obstructive uropathy is typical of retroperitoneal fibrosis, and bilateral flank pain is the most frequent clinical presentation (1, 2, 4). Our patient presented classic symptoms of bilateral flank pain and hydronephrosis. CT reveals a diffusely infiltrative soft tissue mass enveloping retroperitoneal structures, which is a typical radiological manifestation of retroperitoneal fibrosis (32). 18F-FDG PET/CT can be a valuable tool in evaluating the disease activity and lesion range of retroperitoneal fibrosis and monitoring the treatment of retroperitoneal fibrosis. Furthermore, as illustrated by our cases, in some patients with malignant tumors present with peritoneal fibrosis as the initial manifestation, PET/CT can assist in identifying the primary lesion and accurately staging and grading the condition.

Breast cancer metastasis to the kidneys is rarely seen (33). In one study, the incidence of metastasis of breast cancer to the kidneys was 12% (34). The mechanism of breast cancer metastasis to the kidneys can be attributed to the physiological characteristics of the kidneys. Specifically, the substantial proportion of cardiac output dedicated to renal blood flow makes it likely for circulating tumor cells to enter the renal capillaries (35). Common symptoms of renal metastasis are flank pain and hematuria (36, 37). The most common form of metastatic renal carcinomas is multiple bilaterally circumscribed, rounded masses (35). In patients with known primary tumors, diffuse enlargement of the kidney without a clear mass may suggest renal metastatic disease (38). In this case, the imaging findings were bilaterally enlarged kidneys without focal lesions. However, PET findings indicated various degrees of 18F-FDG uptake in the bilateral kidneys with suspicions of breast cancer metastasis to the kidney, which was agreeable with the pathological diagnosis. In PET/CT imaging, renal metastasis may manifest as small, multiple, bilateral, circular lesions with high 18F-FDG uptake and a diffusely invasive, large, single mass with high 18F-FDG uptake. By the time the primary lesion was detected by PET/CT at some sites, especially tumors prone to renal metastasis (lymphomas and carcinomas of the lung, breast, stomach, pancreas, and colon), there was a high probability of renal involvement. A biopsy for histological analysis was performed if necessary. Conducting a thorough examination of the renal cortex through 18F-FDG PET, coupled with a review of anatomical images such as CT and MRI results, plays a pivotal role in the identification of renal tumors.



Conclusion

In conclusion, we present a case study detailing the 18F-FDG PET/CT imaging manifestations in a BBC patient with retroperitoneal fibrosis and renal metastasis. Compared with conventional imaging, PET can find systemic metastases based on the detection of primary foci, which can be used for disease staging and the evaluation of treatment efficacy.
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Case Primary tumor Age Authors

Breast cancer 73years | Kavaetal. (1)

(intraductal

carcinoma of the

breast)

Breast cancer T3years | MacNeiletal.
2 (invasive lobular @

carcinoma)

Breast cancer 68years | Kaneetal. (3)
3 (invasive lobular

carcinoma)

Breast cancer 4years | Kaneetal. (3)
4 (invasive lobular

carcinoma)

Breast cancer syears | Gogasetal. (4)
5 (invasive lobular

carcinoma)

Lymphoma (follicular | S6years | Lanetal. (5)
Iymphoma)
Lymphoma (B-cell 66years | Alvarezetal. (6)
7 non-Hodgkin
Iymphoma)

Esophageal cancer Tlyears | Morietal.(7)
8 (esophageal squamous

cell carcinoma)

Gastric cancer (gastric | 39years  Benesch etal.(5)
9 signet-ring-cell

adenocarcinoma)

Lung cancer (lung 74years | Nishiyama etal.

adenocarcinoma) ©)

F

M

M

Sex Clinical symptol

Bilateral

hydroureteronephrosis

Abdominal pain

‘Small bowel obstruction

and hydronephrosis

AKIand bilateral
hydronephrosis

Left hydronephrosis

Back pain and bilateral

hydronephrosis

Back pain

AKI

Abdominal pain and

dyspepsia

Left lumbar backache

Management

Not mentioned

Chemotherapy and

operative treatments

Not mentioned

Operative treatments

Chemotherapy

Radiation therapy and

rituximab therapy

Chemotherapy

Palliative care

Chemotherapy

Prognosis

Not mentioned

Not mentioned

Died

Died

Good recovery

Complete remission

Complete remission

Died

Died

Died
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Authors Patient Age Clinical presentation Primary sites Max Grade SUVmax i d metastasis Management  Prognosis

sex diameter
(cm)

1 Paladino etal. (19) E 31 Acuteback pain “The eft thigh NA NANA Vertebrae Surgery + chemotherapy + | Aliveat 1y

radiotherapy + cellular

therapy
2 Lunn etal. (20) ¥ 7y NA Right gluteus medius muscle NA Y] NA NA Na
3 Lunn etal. (20) M 8y | NA NA |22 NA NA NA
1 Lunn etal. (20) M 7y NA Right sartorius muscle NA [T NA NA NA
s Lunn etal. (20) M 15y NA Proximal lef thigh, NA (TS NA NA NA
subcutaneous

6 Lann etal. (20) ¥ 2y Na NA NA noa2 NA NA NA

Suzkietal. (21) E a8y NA Intramuscular 3 NA 07 NA NA NA
s Suzukietal. (21) M 3By | NA Subutancous 6 NA 129 NA NA N
9 Sumkietal. (21) ¥ Iy NA Intermuscular 15 NA 19 NA NA NA
10 Sumkietal. (21) M 3By | NA Subeutancous 9 NA |24 NA NA NA
n Suakietal. (21) M 2y Na Intermuscular 2 NA 24 Na Na NA
2 Suzukietal. (21) M 2y Na Intermuscular 16 NA 24 NA NA NA
3 Suzakietal. (21) ¥ 9y | NA Intermuscular 2 NA (25 NA NA NA
1 Suzukietal. (21) ¥ sy NA Intramuscular 17 NA 257 NA NA N
15 Suzkietal. (21) By | NA Subeutancous 8 NA 31 NA NA NA
16 Sakamoto etal. 22) M By Na Leftleg NA NA L NA Right neck region, the retroperitoneum,  Surgery + chemotherapy  Aliveat 10y

lungand vertebrae
17 Baffour etal. (23) M 37y NA Right sartorius muscle NA s NA NA NA
18 Livetal. 01) M 29y | A small nodule above the umbilicus “The eftobe of the liver no NA a1 Abdomen and pelvic cavities Chematherapy Died afer few weeks
19 Kudoetal. (25) M 52y | Aslowly enlarging, painless massat the | The deep portion of the 8 NA 55 Para-aortic lymph node Surgery + chemotherapy + | NA
dorsal aspect of the left foot plantar aspect of the left foot radiotherapy

2 Ramamurthy et al. ¥ 53 Shortnessof breath, othopnea, a dry Right atrium 58 NA 34 Multiple lymph nodes and abdomen  NA NA

&) cough, and alow-grade intermittent ever areas
21 Schwabetal, 6 Lowback pain Poplitcal NA W Nondevated | The second lumbar vertebrac Surgery + radiotherapy  Died

FDG uptake i
metastsis
n Shivdasani etal. (26) 56 Alarge painless swelling in posterior Left thig u N s None Surgery + radiotherapy  Alive
aspect ofthe ef thigh

23 Orgaven etal. (29) M 8 NA Left thigh NA NA 41 Pelvi, paravertebra, right ghuteal region,  Surgery + chemotherapy  Alive at 3y

and mesenteric region of abdomen

NA, not available.
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References Gender Clinical symptoms Primary sites Invasion and Max Management Outcome

metastasis diameter/cm
1 Venugopalaetal.(5) | M 55y | Fever Pericardium, left ventricle, | Superior mediastinum, and 47 NA Chemotherapy Alive at 2 mo
and right atrium ‘mediastinal, right cardio-

phrenic, abdominal, bilateral
inguinal, axillary, and

cervical lymph nodes

2 ‘Thiagaraj etal. (7) 3 50y | Abdominal pain, nausea, vomiting,  Left ventricle NA 45 107 Surgery + Aliveat 1y
and fever chemotherapy
3 Alansari etal. (10) M 8ly | Epigastric pain Right atrium, right ventricle,  Lung and liver 45 NA Chemotherapy Aliveat 6 mo

and intra-pericardium

4 Leeetal. (1) M 51y | Syncope Right atrium and right NA NA NA Chemotherapy Aliveat 7mo

ventricle

5 Imataki etal. (1) M 62y | Dyspnea NA 83 NA Surgery + Alive

chemotherapy

6 Kaida etal. (19) F 80y | Dyspnea Right atrium NA NA 145 NA NA
7 Qiang etal. (20) M 71y | Syncope, recurrent chest tightness,  Leftatrium and left ventricle | Mediastinum lymph nodes 67 287 Chemotherapy Aliveat 4 mo
dyspnea, palpitations, and sweating
8 Seval Erhamameretal. | M 70y | Dyspneaand weakness Rightatrium and auricula  Sternum NA 266 Surgery + Aliveat3mo
@) chemotherapy
9 Tong etal. (22) F 80y | Chest pain and breathlessness Pericardium Bone, peripheral nerves and NA NA Surgery + Diedat 3 mo
‘mediastinal lymph node chemotherapy
10 Changetal. (23) ¥ 77y | Chest tightness and dyspnea Left atrium, right atrium, NA 49 NA Chemotherapy Aliveat 3 mo
and tricuspid annulus
n Higgins etal. (24) F 72y | NA Pericardium Leftand right ventricle and 6 NA Chemotherapy Died
brain
12 Suetal. (25) M 43y | Syncope Interatrial septum, right Paratracheal, paraaortic NA 924 Chemotherapy Diedat 3 mo
atrium, and pericardium regions, and the highest
‘mediastinum lymph nodes
13 Goldmanetal.26)  F 73y | Shortness of breath, fatigue, fever,  Pericardium, rightatrium,  NA NA 37 Chemotherapy Aliveat 3 mo
and lower extremity swelling and right ventricle
i Takaya etal. (27) M 53 | Penis mass Penis Left atrium and right femur NA NA Chemotherapy + Aliveat 2y
stem cell
transplantation
15 Franc etal. (25) F 67y | Shortness of breath and fatigue Pericardium, peri-orbit,and | NA NA NA Radiotherapy + Alive
axillary lymph nodes chemotherapy +
stem cell
transplantation
16 Yang etal. (29) M 46y | Abdominal distension, acid reflux,  Right ventricle, right atrium, | NA 78 267 Chemotherapy Aliveat 6 mo
and active chest tightness stomach, jejunum, and colon
17 Tsugu etal. (30) F 57y | Low-grade fever and night sweats  Rightatrium and uterus Mediastinum and para-aorta 25 2 Chemotherapy Aliveat3y
Iymph nodes
18 Panareo etal. (31) M 7ly | Dyspnoea and superior vena cava ttesticle Right atrium 8 94 Surgery + Aliveat 3y
syndrome chemotherapy
19 Tagami etal. (32) E 76y | Swelling of the left upper eyelid Left eyelid Forehead, nasal cavity,right NA NA Chemotherapy Aliveat6y
ventricle, and right atrium
20 Kaderli etal. (33) M 57y | Mental confusion, weight loss, Right ventricle and right NA NA NA Chemotherapy Diedat5mo

dyspnea, dizziness, and presyncope  atrium

with effort
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S~ Sed v u -«V 'h-l .

Proteinuria was found
and chronic nephritis “
was diagnosed.

i Isolated Invasive
kidney transplant :
was performed. Aspergillus
Tracheobronchiti
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Indexs

PEComas

Hepatocellular

carcinoma

Focal nodular

hyperplasia

Hepatic

adenoma,

Liposarcoma

Hemangioma

Clinical features

Usually has no symptoms

and found by accident

Signs of cachesia such as
abdominal pain and
emaciation; Serum alpha-
fetoprotein increased
Usually has no symptoms

and found by accident

Usually has no symptoms

and found by accident

May manifest as
abdominal pain and
bloating

Usually has no symptoms
and found by accident

Epidemicity

Preference for young and

middle-aged women

More common in patients
with previous hepatits or

circhosis.

More common in middle-

aged and elderly patients

More common in women
with a history of taking
birth control pills or

steroids

More common in adults

More common in middle-
aged and elderly people,
with more females than

males

Low density, typically

containing fat

Equal or low-density
mass, usually
accompanied by
necrosis

Equal or slightly

lower density masses

Equal density mass,
casily accompanied
by high-density
bleeding

Uneven isodense,

low-density mass

Uniformly equal o
slightly lower density

Imaging findings

MRI

Long Tl and long
T2 signals, but fat
components showed
short T and long
T2 signals

Uneven long T1 and
long T2 signals

TIWI shows equal
or slightly lower
signal, T2WI shows.
equal or slightly
higher signal

TIWI shows equal
or slightly lower
signal, T2WI shows
equal or slightly
higher signal

Both TIWT and
T2WI showed
uneven signals
Long T1 and long
T2 signals

CEM

Most are “fast in and
fast out’, and a few
are continuous

enhancement

“fastin and fast out”

“Fast in and slow out’,
with star shaped scars

visible in the center

“Fast in and slow out”

Uneven enhancement

inall phases

More show “Fast in
and slow out” while a
few show “fast in and

fast out”

Different levels of
UE-FDG uptake

increased

Different levels of
E-EDG uptake

increased

Moderate uptake
of "EFDG
increased, with no
uptake in the
central stellate

sar.

Mildly increased
EFDG uptake

Obviously
increased "F-FDG
uptake

No or mild
increase in
SE-FDG uptake

CEM, contrast enhancement model; CT, computed tomography; MR, magnetic resonance imaging: PET, positron emission tomography; TIWI, T1 weighted imaging: T2WI, T2 weighted

imaging,
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Authors  Gender Age Obstetric Medical Clinical Max Invasion Max SUVmax Management Outcome

history history symptoms  $-hCG, and diameter/
miu/ metastasis cm
mL
1 Loweetal. M 18 None Microcyticanemia  Black stools, 32219 | Testicles Stomach, brain NA NA Surgery + Alive
(12) lethargy, and and kidney chemotherapy
lungs
2 Maruoka P 26y | Molar NA NA 2338 Negative Pulmonary 30 20 Surgery Aliveat 1 mo
etal. (13) pregnancy metastasis
history at 20y
and
spontaneous
abortion
history at 26 y.
3 Dose etal. P 37y | Abortionat34  Leiomyomaofthe  Irregular 8000 | Uterus None 5 NA Surgery + Aliveat 13 mo
4 y uterus, Cystic bleedings, and chemotherapy
lesion of the right  secondary
ovary sterilty
4 Gazzilli etal. F 36y | Hisoryof4  NA Repeated 3839 Nasaland Sphenoidal and NA NA Surgery + Complete
as) spontancous epistaxis ethmoid maxillary chemotherapy remission
abortion sinuses; cervical
Iymph node
5 Numnum P 22y | Molar GTD (gest Vaginal bleeding 1341 Leftpelvis None NA 50 Surgery + Aliveat8 mo
etal. (16) pregnancy trophoblastic and abdominal chemotherapy
historyat 16 disease) cramping
anda term
delivery at 19
v
6 Hebart etal P 2y NA Irregular Trregular 127429 None Left lung artery NA NA Chemotherapy Died within
a7) menstruation periods, and right lung few hours
intermittent
pleuritic chest
pains and
nonproductive
cough
7 Hebart etal. P 9y | Termdelivery NA NA 400 None Left and right NA NA Surgery + Aliveat 1y
7) 4moago. lung chemotherapy
8 Huang etal. F 40y | Termdelivery  Pseudoaneurysms,  Headache 4154 | None Left frontal lobe 15 NA Chemotherapy Aliveat3y
as) 10yago GTD in brain and left
lung
9 “Tripathi etal. F 38y | Termdelivery | NA NA 33000 NA Right atrium NA NA Chemotherapy +  Aliveafter
19) 4yago and lung surgery Scydes
10 Raoetal. P 28y Termdelivery NA Irregular vaginal | 100469 Pancreas None 54 39 Surgery + Aliveat2y
(20) 4yago bleeding chemotherapy
n Huang et al. F 46y | NA NA Right upper 59283 | Pancreas Liver and 74 17.7 Surgery +1251-seed at10mo
@y abdominal pain inferior vena implantation
cavalymph
nodes
2 “Triibenbach F 33y Abortion Pulmonary Recurrent 129500 None Left pulmonary NA NA Methotrexate Diedat 1d
etal. (22) 10monthsago  embolism, pleural episodes of artery
effusion and exertional
pulmonary dyspnoea and
hypertension pleuritic chest
pain
13 Zhang etal. P ¥y NA Recurrent right-  Recurrent right- NA Left lung, NA NA 72 Surgery NA
23) sided sided
pneumothoraces  pneumothoraces
and episodic
menorrhagia
1 FCimarelli M 23 None GCT (germcell  Gynecomastia 425000 | Retroperitoneal | Liver, lung and 14 NA Surgery + NA
etal. 24) tumors) and abdomen Tomboaortic chemotherapy
pain Iymph nodes
15 Joshua etal. P 31y | Termdelivery  Dult polycystic Pulmonary vein 91348 Uterus Lung and liver NA NA Chemotherapy Aliveat 8 mo
©3) kidney disease and  bleeding
mild hypertension
16 Sone etal. P 3y NA NA NA NA NA Lung NA 73 Chemotherapy Died
(26)
7 Kidd etal. M 48y | None NA Blurred vision NA NA Brain and lung NA NA Supportive therapy  Diedat 10d
@7) and headache and
18 Aleem etal F 30y | NA NA Alump in right NA Uterus Right breast 7 59 Surgery + alive
28) breast and right chemotherapy
axilla
19 Goldfarb, P 50y Gravida3, NA Anintra-uterine | 28725 | Uterus Lungs NA NA Surgery + Disease
etal. (29) para 2, abortus mass and chemotherapy +  progression at
1 hemorrhaged targeted therapy 2y
during an office
endometrial
biopsy
20 Duetal. (30) F 37y | Oneterm Trregular Hemoptysis 279064 | NA Lung, renal and 58 183 Surgery + Diedat1y
deliveryand  menstruation brain chemotherapy
two
‘miscarriages
2 Wang et al F 21y | Miscarriageat | NA Chest pain and >10000 | NA Lung NA 275 Chemotherapy Aliveat1y
[EN] 20y. fever
2 Sekine etal. M 49y None Diabetes mellitus ~ Abdominal pain 53000 Liver Lung NA NA None Died at60d
(32) and hepatitis C and fever
2 Sironi etal. P 38y | Noobsteric  NA NA 210 Na Lung NA NA Surgery + Aliveat 12mo
(33) history in the chemotherapy
past 10y
2 Sironi et al. F 29y | Recentmolar | NA NA 3471 NA Lung 05 PoorEDG  Surgery Aliveat 6 mo
33) pregnancy avidity
history
2 Sironi etal. P 49y | Mokar NA NA >10000 | NA Left lung and 13 7.98 Surgery + Alive
33) pregnancy 6y liver chemotherapy
ago
2% Gasparri P 37y | Termdelivery  Enhancementof  Period NA Na Lung L1 NA Surgery + Aliveat2y
etal. (34) Iyago beta-human suspension chemotherapy
cho
‘gonadotropin
levels
27 Guinianidze F 42y | Termdelivery | NA Cough,shortness 3200 | NA Lungand brain NA NA Surgery + Aliveat 8 mo
etal. (35) 6moago of breath on chemotherapy
physical exertion
and haemoptysis
28 Snoj etal P 35 Thee NA Right chestpain 16939  Lung Brain 64 27 Surgery + Aliveat 1y
(36) spontaneous chemotherapy +
abortions in radiotherapy
the past year
2 Goksel etal. M 27 None Anemia and Anemia and NA Testicles Stomach NA NA NA NA
@7) melena melena
30 Francischetti M 41 None Transient ischemic | Recurrent 12118 Mediastinum  Brain 9 NA NA NA
etal. (38) attackandstroke  numbness of
right finger and
arm, left facial
weakness and
language
difficulty
31 Pakkala etal. P 23 At28weeksof | NA Right 1875 | NA Liver and 16 NA Termination of Aliveat 7 mo
(39) gestation hypochondrium pulmonary, pregnancy +
pain presacral, rectal, surgery +
and liac nodal chemotherapy
metastasis
2 Suetal. (40) F 31 NA Right ovarian NA 790000 | Uterus Lung 04 PoorFDG  Surgery + NA
dermoid cystand avidity  chemotherapy
bilateral polycysti
ovaries
» Leeetal. (41) P 15 None NA Uterine bleeding |~ 76,600 | Right ovary None 85 NA Surgery + Aliveat6y
chemotherapy
34 Lehmann F 32 Termdelivery  Gestational Uterinebleeding | 13,575 Uterus Lung and brain NA NA Surgery + Aliveat2y
etal. (42) 5moago choriocarcinoma chemotherapy
35 Ustaetal. P 28 Termdelivery NA Lower pelvic 70373 Renalartery NA NA NA Surgery + Aliveat 1y
3) 4yago pain, flank pain, chemotherapy
vaginal bleeding
anda delayed
menstrual period
36 Clair etal. P 30 AlSweek NA NA 96952 | Uterus Lungs 32 NA Surgery + Aliveat 5y
(44) twin chemotherapy +
pregnancy radiotherapy +
consisting of a targeted therapy
normal fetus
anda
suspected
molar
gestation
37 Dance etal. M 37d | None Anemia and A pedunculated, NA NA Cutaneous, liver, 68 103 Surgery + liver Alive at 3 mo
(45) thrombocytopenia  friable red and lung transplant +
glabellar mass chemotherapy
38 Shawetal. P 38y | Anabortion  Pulmonary Oliguria and leg 382 Uterus Stomach NA 363 Surgery Aliveat 15 mo
(46) 11moago tuberculosis edema
39 Hyun etal. F 38 Molar Hydatidiform NA NA Uterus Lung NA PoorFDG  Surgery + Aliveat 22 mo
@) pregnancy mole and avidity  chemotherapy
history4yago  asymptomati
recurrent
preumothorax
w0 Pessanha M 14 None Tyrosinemiatype  Weight loss, 1984 Liver Lung 67 PoorFDG  Surgery + Aliveat 11y
etal. (48) 1, HCC, Budd- minor edema of avidity  chemotherapy
Chiari Syndrome  the lower limbs,
with partial moderate
occlusionof the  gynecomastia,
hepatic veinsand  and morning
micronodular nausea
hepatic cirrhosis
4 Chen etal. F 43 Termdelivery  Ectopic pregnancy | Low abdomen 5241 NA Liver, lungs, 58 64 Surgery + Aliveat 32 mo
“9) 3yago pain marrow cavity, chemotherapy
thoracic
vertebra and
brain
2 Kohler etal. M 64y None NA Abdomen pain 55000 | Liver Lungs and 145 NA Surgery +
(50) and intra- iliacal lymph chemotherapy
abdominal nodes
bleeding
) Dlewati et al. F 54 NA Hypertensionand  Dyspnea, cough, | 98,138 Lung Right breast and 48 31 Surgery + NA
1) ischemicstroke  and intermitent brain chemotherapy +
hemoptysis radiotherapy
4 Dasgupta M 29 None NA Alump on the 18 Testicle Cervical lymph 48 NA Surgery NA
etal. (52) neck node
a5 Huang et al. P 32 Molar Hydatidiform NA 17094 | Uterus Anterior pelvic NA 47 Surgery + Aliveat 30 mo
(53) pregnancy7 | moleand GTD peritoneal wall chemotherapy
moago
16 Chatterjee F 41 Molar NA Headache and 7062 | NA Endocranium 35 PoorFDG  Surgery + Aliveat3y
etal (54) pregnancy left eye pain avidity  chemotherapy
history
47 Zhou etal. P 6  NA NA Abdominal 79514 Stomach Liver 20 NA Surgery + Died at 8 mo
(55) discomfort chemotherapy +
radiotherapy
8 Matsuo et al. P 46 Termdelivery  NA Hemoptysis 132 NA Lung 4 NA Surgery + Aliveat8 mo
(56) Syago chemotherapy
9 Roge etal. M 71 None Concurrent Back pain NA Mediastinum ~ Lungs 55 NA Surgery
(57) goserelin-treated
metastasized
prostate
adenocarcinoma
50 Kazemi etal. P 49 Gravida2, Asthma, Coughandright | 79,000  NA Liver and lungs NA NA Chemotherapy +  Died
(58) para2 pulmonary edema,  upper quadrant target therapy
and pain
hyperlipidemia
51 Panetal. M 19 None NA Chestpainand | 5200000  Mediastinum | Lungs, brain, 88 NA Surgery + Diedat4mo
(59) occasional cough liver, spleen, chemotherapy
Kidney, and
skeletal
52 Kamata et al. M 70 None NA Cough NA Lung NA 38 65 Surgery Aliveat2y
(60)
5 Tjima et al. P 45 Mokar Hydatidiform Iegular vaginal | 4828 Uterus Lung NA 957 Surgery + Aliveat 7y
61 pregnancy mole bleeding chemotherapy
history 6 y ago
54 Horotsu et . M 78 None NA NA 120 Stomach Liver 3 54 Surgery + Diedat 10mo
(62) chemotherapy
55 Rehman M 50  None NA Painful bilateral 375 Mediastium  Lung NA NA Surgery + Aliveat3y
etal. (63) ‘gynaecomastia chemotherapy
56 Guoetal P 61 | Termdelivery  NA Vaginal bleeding |~ 92739 Vagina Lung 3 PoorFDG  Surgery + Aliveatdy

(64) at3ly avidity  chemotherapy
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