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Editorial on the Research Topic 


Case reports in cancer imaging and image-directed interventions : 2022


Today, imaging is an indispensable tool for cancer detection and characterization.

Both morphological and functional imaging, independently but, above all, in an integrated manner, allow early diagnosis of numerous neoplastic pathologies.

In recent years, technology has enabled notable growth in diagnostic imaging thanks, for example, to the possibility of acquiring very thin slices, new MRI sequences, or increasingly elaborate and high-performance postprocessing, which is extremely useful in some pathologies or in certain anatomical districts (1, 2).

Nowadays, besides the diagnostic role, there is the possibility of using imaging as a guide to treat some of these pathologies in a less invasive way.

Interventional radiology and, specifically, interventional oncology have by now a consolidated role in the therapeutic process of many neoplasms, assuming the role of the fourth pillar of anti-tumor therapy alongside surgery, radiotherapy, and medical oncology (3-7).

In this Frontiers Research Topic, the authors were expected to provide case reports that highlight unique cases of patients that present with an unexpected diagnosis, treatment outcome, or clinical course (8).

Several contributions focused on the diagnosis of rare tumors or rare manifestations of more common tumors (Li et al.; Wang et al.; Hu et al.; Fischerova et al.).

Li et al. presented a case of osteofibrous dysplasia-like adamantinoma, a rare bone tumor (0.4% of all primary bone tumors) recently proposed in the new WHO classification of bone tumors of 2020 and classified as an intermediate locally aggressive tumor. Imaging can demonstrate the lesion and could provide support for differential diagnosis, although a multidisciplinary evaluation is required to reach the diagnosis.

Another very rare tumor that could involve bone was reported by (Wang et al.).

Proliferating trichilemmal tumors originate from the outer root sheath of hair follicles generally located in the head and neck region. Other localizations are uncommon in this condition.18 F-FDG-PET could be very useful in identifying both the tumor and any metastatic lymph nodes.

Starting from the presentation of a case, Hu et al. provide a comprehensive literature review of primary intracranial Ewing sarcomas/primitive neuroectodermal tumors, an extremely rare condition with poor prognosis. Unfortunately, only in few cases, they manifest themselves with relatively specific features at imaging; therefore, final diagnosis mainly depends on pathology and immunohistochemistry.

Fischerova et al. reported a rare case of retroperitoneal nodal endometroid carcinoma diagnosed through US-guided biopsy without any macroscopic relevance in the abdomen and pelvis. Immunohistochemical and genetic analysis helped to detect an unknown Lynch syndrome, a congenital condition that could lead to carcinogenesis.

Another aspect of the present Research Topic has been reported by Zhang et al., Li et al., and (Zhang et al.). All of them focused their articles on the usefulness of the uncommon application of specific imaging techniques in certain clinical conditions.

Zhang et al. proposed the use of multimodality US in the detection and characterization of metastasis of rare subtype of renal cell carcinoma (fumarate hydratase-deficient RCC). Application of grayscale, color Doppler, power Doppler, and contrast-enhanced US allow to detect metastasis; characterization could be feasible by ultrasonographic findings accompanied by US-guided biopsy.

In their article, Li et al. enhanced the strength of 68Ga-conjugated fibroblast-activation protein inhibitor (FAPI) PET/CT versus 18F-FDG in the identification process of intra-abdominal breast cancer metastasis thanks to a better tumor-to-background ratio and lack of interference by non-specific gastrointestinal physiological uptake.

Zhang et al. described contrast-enhanced ultrasound (CEUS) findings of intraperitoneal nodal large B-cell lymphoma. Usually, CT and PET/CT are employed for diagnosis and staging, but in recent years, many studies have focused on alternative imaging methods. CEUS can demonstrate the changes of vascularity of lymph nodes and, at the same time, allow to perform US-guided biopsy to confirm diagnosis.

This Research Topic is completed by two Case Reports involving hepatic diseases.

Shao et al. described a unique imaging pattern of a metastatic neuroendocrine neoplasm characterized by a steatosis area surrounding the hepatic localization. In this article, US findings were reported, and the support of CEUS in differential diagnosis was enhanced.

Congenital portosystemic shunts in children were the focus of (Zhang et al.). The prevalence of these vascular anomalies is 1 in 30000-50000 neonates and may present with various symptoms.

Imaging is essential in diagnosis with US as the first modality of choice in early identification, allowing the prompt management of potentially life-threatening manifestations. Moreover, imaging has a strong role in treatment thanks to the efficacy of endovascular techniques in occluding the shunts.

In conclusion, the contributions presented in this Research Topic have enriched our knowledge of cancer imaging, shedding light on rare neoplastic conditions, their imaging findings, and the implications for the choice of appropriate treatment, often performed under imaging guidance.

All of these studies provide suggestions for further investigation in this field.
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Introduction

Adult primary intracranial Ewing sarcomas (EWs)/primitive neuroectodermal tumors (PNETs) are extremely rare, with only 30 patients published before us. The imaging features and treatment strategies of primary intracranial EWs/PNETs are unclear due to its rarity. The aim of this study was to investigate the clinical features, imaging findings, treatment, survival analysis, and prognosis of adult EWs/PNETs, and a systematic review was conducted based on the patient we treated and published literature.



Case description

A 19-year-old male patient suffered from head pain due to an accidental fall on a motorcycle that occurred more than 10 days before going to the hospital, and underwent computed tomography (CT) examination; it was found that the left temporo-occipital fossa was occupied. Magnetic resonance imaging (MRI) was recommended to understand the nature of the lesion, and the result showed that it has a high probability of being a meningioma. He underwent surgical removal of the mass under general anesthesia, and surprisingly, postoperative pathology revealed EWs/PNET. The disease has a high degree of malignancy, and the patient developed multiple metastases throughout the body 5 years after surgery.



Conclusion

Primary intracranial EWs/PNETs in adult patients are rare, of which imaging findings should be considered as one of the differential diagnoses of meningioma, hemangiopericytoma, and malignant triton tumor. Larger solid-cystic masses with septum-like enhancement may be relatively specific imaging findings of intracranial EWs/PNETs. The prognosis of primary adult intracranial EWs/PNETs is poor. Radical tumor resection combined with radiotherapy and chemotherapy is currently the main and possibly the most effective treatment method.
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Introduction

Ewing sarcomas (EWs) and primitive neuroectodermal tumors (PNETs) share the same genetic and histological features; thus, they are collectively referred to as EWs/PNETs, which originate in the neuroectoderm and are mainly composed of primitive neuroectodermal cells (1). EWs/PNETs are highly malignant small round cell tumors with multi-directional differentiation potential, and can be divided into two types according to their origin in bone or soft tissue: intraosseous and extraosseous (2). About 85%–90% of the patients with EWs/PNET show the typical chromosomal translocation t(11;22)(q24;12), which leads to the fusion of the gene EWSR1 and the ETS family gene FLI1 (1, 3). The clinical manifestations of intracranial EWs/PNETs usually include headache, vomiting, dizziness, and other symptoms of intracranial hypertension, and some patients may manifest as eye movement disorders, decreased vision, and unsteady gait (4). Laboratory tests for intracranial EWs/PNETs are usually non-positive, of which imaging studies are often misdiagnosed as meningiomas due to their rarity and mostly dural origin, and the diagnosis of the disease is mainly based on pathology and immunohistochemistry. The prognosis of intracranial EWs/PNETs is poor, associated with age more than 14 years at diagnosis, initial tumor volume more than 200 ml, being male, development of metastases, etc. (2, 5, 6). The primary intracranial EWs/PNETs are extremely rare, the incidence of which is lower in adults than in children, and the published literature is only found in case or case series. Herein, we report a 19-year-old male patient with pathologically confirmed EWs/PNET originating in the left temporo-occipital fossa, who was discovered incidentally on imaging after an accidental fall. Moreover, we reviewed the published literature on adults (≥18 years of age) with intracranial EWs, summarized the radiological and clinical features of this rare tumor, and discussed its imaging differential diagnosis in detail.



Case description

A 19-year-old male patient suffered from head pain due to an accidental fall on a motorcycle that occurred more than 10 days before going to the hospital, and underwent computed tomography (CT) examination; a mass was found in the left temporo-occipital fossa. He was admitted to our hospital for further diagnosis and treatment. His parents were healthy and no family members had a history of similar diseases. Magnetic resonance imaging (MRI) was recommended to understand the nature of the lesion, and the result showed that it has a high probability of being a meningioma (as shown in Figure 1). No obvious positive signs were found in physical examination, and all laboratory indexes were within the normal reference value range. Based on the established diagnosis of a left temporo-occipital fossa space-occupying lesion, the patient underwent surgical resection of the tumor under general anesthesia. During the operation, the left temporoparietal horseshoe-shaped skin flap was taken, and the scalp was incised in full thickness to expose the skull and then a bone flap with a size of about 6 cm × 6 cm was removed. After the bone flap was taken out, it was found that the dura of about 2 cm × 2 cm was invaded by the tumor and broke through, and the inner plate of the covering skull was not invaded by the tumor. The dura was cut along the edge of the tumor invading the dura, and the tumor was removed together. The tumor tissue was gray, with clear demarcation from the surrounding brain tissue, abundant blood supply, soft texture, and a size of about 4.0 cm × 5.0 cm × 4.0 cm. Postoperatively, the resected tumor tissue was sent for pathological examination, and the results showed that there were diffusely distributed round cells in the tumor (as shown in Figure 2). Immunohistochemical staining showed that tumor cells positively expressed CD99, Vimentin, Bcl-2, ki-67 (about 40%), weakly expressed CD56, SMA, and negatively expressed CD34, CgA, CK, Desmin, EMA, S100, etc. Ewing’s sarcoma breakpoint region 1 (EWSR1) gene rearrangement was identified by fluorescence in situ hybridization in a foreign hospital. Based on these findings, the patient was diagnosed with intracranial extraosseous EWs/PNET. He did not undergo further radiotherapy and chemotherapy after the operation. At the 5th year after the operation, the patient was re-admitted to the hospital because of multiple bone pains throughout the body. 18F-FDG PET/CT was recommended to evaluate the patient’s systemic condition, and the results revealed multiple high radioactive uptake foci throughout the body (as shown in Figure 3). Biopsy of the lesion at the iliac bone revealed the same disease as he had previously suffered. He then received a vincristine–cyclophosphamide–doxorubicin chemotherapy regimen and palliative radiation targeting the lesions of the humerus, ilium, and acetabulum. Unfortunately, he passed away 3 months after starting maintenance therapy with chemoradiotherapy.




Figure 1 | Brain MRI showed that the tumor was located in the left temporo-occipital fossa. T2WI sequence showed that the lesion was high signal (A, arrow). Diffusion-weighted imaging showed that the movement of water molecules was not restricted and showed heterogeneous low signal (B, arrow). The T1WI sequence showed that the lesion was slightly low signal (C, arrow), and the solid component of the tumor was significantly enhanced on contrast-enhanced T1WI, with multiple unenhanced cysts around it, and septum-like enhancement was seen in between (D, arrows).






Figure 2 | Hematoxylin–eosin staining showed that the tumor tissue was composed of small round cells with relatively uniform morphology, and the nuclei were deeply stained (A). Immunohistochemical staining showed that tumor cells positively expressed CD99 (B), Vimentin (C), and Bcl-2 (D).






Figure 3 | The patient’s 18F-FDG PET/CT at 5 years after operation; the maximum intensity projection figure showed multiple FDG concentration foci throughout the body (A, arrows). Axial figures showed that the right humerus (B, CT; C, PET/CT fusion), ilium (D, CT; E, PET/CT fusion), and acetabulum (F, CT; G, PET/CT fusion) can be seen with iso-density or slightly hypodense bone destruction areas with high radioactive uptake (arrows). Moreover, a hypodense mass with FDG accumulation was seen in the right iliopsoas muscle (H, CT; I, PET/CT fusion, arrows).





Literature review

Primary intracranial EWs/PNET case reports and case series published in PubMed, Embase, and Web of Science databases as of 1 June 2022 were searched, with language restrictions limited to English. The following keywords were used: Ewing’s sarcoma, EWs, primitive neuroectodermal tumors, PNET, intracranial, and dura mater. The first author, publication year and country, as well as the patient’s age, gender, main clinical symptoms, CT and MRI imaging findings, treatment methods, and follow-up results were recorded for each case (as shown in Table 1).


Table 1 | Clinical and imaging features of the cases of primary intracranial EWs/PNETs.



Through a systematic search, 30 adult primary intracranial EWs/PNETs were published prior to our present case (1, 4, 7–28). A total of 31 patients including our patient, consisted of 17 male and 14 female patients with a median age of 37 years, with the top three cases published from China (23%), USA (19%), and Italy (13%), and the detailed distribution of patients is shown in Figures 4A, B. Most patients came to the hospital for medical assistance due to short-term headache, dizziness, vomiting, and visual disturbances. Rare clinical symptoms include epilepsy, fever, memory loss, skull invasion in some patients, and local signs of scalp soft tissue swelling. The main foci originated from frontal fossa (7/31), temporal fossa (5/31), followed by posterior fossa, parietal fossa, pontine cerebellar triangle, frontotemporal fossa, frontoparietal fossa, parietal fossa junction, cavernous sinus, etc. Most of the tumor foci were solid-cystic; only four cases were solid with small diameters, ranging from 1.4 to 3.5 cm. The solid component of the tumor showed isodense or slightly high density on CT, slightly low or isointense on T1WI, and hypointense-to-hyperintense on T2WI. On contrast-enhanced CT or T1WI, most of the solid components of the tumor were significantly enhanced, and septum-like enhancement was seen in the cystic components; only one patient showed ring enhancement. Solid tumors all showed obvious uniform enhancement. Of all adults with primary intracranial EWs/PNETs, seven had cranial involvement at diagnosis, and three had meningeal or spinal metastases (as shown in Figure 4C). Most of the patients received surgical resection of the tumor combined with radiotherapy and chemotherapy. Overall, intracranial EWs/PNET has a poor prognosis, with a median survival of 38 months and a 5-year survival rate of only 18%. There was no significant difference in overall survival between male and female patients, and cranial invasion or distant metastasis at the first visit was a prognostic factor (as shown in Figure 5).




Figure 4 | The gender and age distribution (A) and country proportion (B) of 31 adult patients with primary intracranial EWs/PNET, and imaging features of primary intracranial EWs/PNET (C).






Figure 5 | Kaplan–Meier OS. (A) OS in all cases; (B) OS by gender; (C) OS by whether there are cranial invasion or distant metastasis. CIM, cranial invasion or distant metastasis; MST, median survival time; OS, overall survival.





Discussion

Intracranial EWs/PNETs are rare and account for only 0.03% of all intracranial tumors (29), which is more common in children and adolescents, and previous studies have shown that the median age at diagnosis of intracranial EWs/PNET is 15 years, and there are slightly more male than female patients (30). The case reported here is an intracranial EWs/PNET in the left temporo-occipital fossa of a 19-year-old male patient who was found incidentally after a trauma and had no previous clinical symptoms. In addition, we reviewed all cases of primary intracranial EWs/PNET in adults (≥18 years of age); 30 patients had been reported before our case. The oldest reported patient with primary intracranial EWs/PNET was 69 years old, and the median age at diagnosis of adult patients was 37 years. Our current study shows that the supratentorial fossa including the temporal fossa and frontal fossa are the most common sites for intracranial EWs/PNET, and the most common clinical manifestations include headache, dizziness, vomiting, and visual disturbances, without specificity.

Imaging tests including CT and MRI play a significant role in the diagnosis of central nervous system diseases, especially MRI. On imaging, primary intracranial EWs/PNET is mostly a mass that grows with the dura mater as a wide base, which can grow across the cranial fossa and midline of the brain. Large cystic necrotic areas can be seen in most tumors, and hemorrhage can be seen in some patients, but few calcifications appear. The adjacent skull may be compressed and thinned or invaded to cause bone destruction. Our study showed that intracranial EWs/PNETs were mostly solid-cystic masses, in which the solid components were mostly isodense or slightly hypodense on CT, and only a few small masses showed uniform density. On the T1WI sequence of MRI, the solid component of the tumor was slightly hypointense or isointense, and T2WI was hypo-to-hyperintense, while the cystic part was hypointense on T1WI sequence and hyperintense on T2WI. On contrast-enhanced CT or T1WI, the solid part of the tumor in most patients was significantly enhanced, and the adjacent dura mater was significantly enhanced; only a patient showed primary ring-enhancing cystic lesions in all published cases (13). Notably, on contrast-enhanced scans, septum-like enhancement was seen in cystic regions of tumors in our patient and most of the published literature, which we believe is different from other tumors. Intracranial EWs/PNET including our patient and the published cases were misdiagnosed as meningioma or hemangiopericytoma (HPC) preoperatively; thus, these two tumors are the most important imaging differential diagnoses for intracranial EWs/PNET. Meningiomas are common adult central nervous system tumors, mostly benign. Meningiomas on CT are mostly isodense or high-density spherical or hemispherical masses, with a higher probability of calcification, but with less low-density cystic necrosis, and even if present, the volume of cystic necrosis is small (31). On MRI, the signal of meningiomas is relatively uniform, and the T1WI and T2WI sequences are iso-to-hyperintense, and hyperintensity is more common on DWI, while our patient was hypointense on DWI, which is different from it. Angiography can clearly show the internal and external carotid arteries supplying blood to the meningioma. Typical signs include the tumor body compressing adjacent blood vessels, but the tumor body and its interface are still smooth, showing a “holding ball” change (32). HPC is a malignant tumor with abundant blood vessels, which often leads to low-density necrotic foci due to insufficient local blood supply to the tumor, and the morphology of the tumor is irregular, most of which is lobulated (33), while the shape of EWs/PNET is more regular. On contrast-enhanced scans, HPC was more enhanced and intratumoral vascular flow void signals were more common, and angiography showed multiple tortuous and thickened vascular shadows in the mass (34), which is different from EWs/PNET. Moreover, malignant triton tumor (MTT), namely, malignant schwannoma with rhabdomyoma differentiation, another rare intracranial tumor, is often misdiagnosed as meningioma in previous literature reports; thus, it should also be considered as one of the differential diagnoses of EWs/PNET. MTT is usually equal and slightly hyperdense on CT, and a small volume of cystic necrosis is often seen. Tumors on MRI are mostly low signal on T1WI and high signal on T2WI, and arc or linear low-signal shadows appear in the high-signal tumor tissue, which is relatively specific for the diagnosis of MTT (35).

The diagnosis of EWs/PNET mainly depends on pathology and immunohistochemistry. Under the microscope, the tumors are composed of small round cells or elliptic cells, with hyperchromatic nuclei, and mildly basophilic cytoplasm and Homer–Wright chrysanthemum or Flexner–Weinsteiner chrysanthemum structures can be seen in some tumors (2, 29). Immunohistochemistry showed that almost all tumor cells of intracranial EWs/PNET patients consistently and diffusely expressed CD99, but there was no specificity (36). In addition, tumor cells expressed Vimentin, NSE, Syn, and membrane protein FLI-1 to varying degrees, and molecular detection to find EWSR1 gene rearrangement is the current gold standard for diagnosing EWs/PNETs (2, 12).

Due to its rarity, the standard treatment regimen for intracranial EWs/PNET has not been established, and surgery for the purpose of total tumor resection is currently the main treatment method. In our review of the published literature, most patients were treated with a combination of radiotherapy and chemotherapy including vincristine, cyclophosphamide, doxorubicin, ifosfamide, etoposide, doxorubicin, and radiomycin D and other drugs after surgical resection (30). Our study including 31 adults with intracranial EWs/PNET showed that the prognosis was poor, and the longest follow-up was 10 years in a patient who eventually metastasized to the thoracic spine, progressed, and died (27). Among these patients, their median survival was only 38 months, and the 5-year survival rate was less than 20%.

In conclusion, adult patients with primary intracranial EWs/PNET are rare, whose imaging findings should be considered as one of the differential diagnoses of meningioma, HPC, and MTT. There are large cystic lesions in the tumor, and septum-like enhancement on contrast-enhanced scan may be a relatively specific feature of EWs/PNET, whereas the rarity of the disease limits the clinical application of our findings, and more cases and long-term follow-up studies are needed in the future to fully understand EWs/PNET in the adult population.
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Case report: Ultrasonographic findings of retroperitoneum and abdominal wall metastases of renal cell carcinoma with FH gene deletion


Xuhui Zhang 1, Yue Zhang 1, Yongzhong Li 1, Pengfei Shen 2, Zhenghua Liu 2, Hao Zeng 2, Mengni Zhang 3, Ni Chen 3, Jin Yao 4, Rui Huang 5 and Diming Cai 1* 


1 Department of Ultrasound Medicine, West China Hospital, Sichuan University, Chengdu, China, 2 Department of Urology, West China Hospital, Sichuan University, Chengdu, China, 3 Department of Pathology, West China Hospital, Sichuan University, Chengdu, China, 4 Department of Radiology, West China Hospital, Sichuan University, Chengdu, China, 5 Department of Nuclear Medicine, West China Hospital, Sichuan University, Chengdu, China




Edited by: 

Francesca Sanguedolce, University of Foggia, Italy

Reviewed by: 

Aleksandr Shulyak, National Academy of Medical Sciences of Ukraine, Ukraine

Weidong Gan, Nanjing Drum Tower Hospital, China

*Correspondence: 
Diming Cai
 doccai@163.com

Specialty section: 
 This article was submitted to Cancer Imaging and Image-directed Interventions, a section of the journal Frontiers in Oncology


Received: 15 March 2022

Accepted: 28 September 2022

Published: 18 October 2022

Citation:
Zhang X, Zhang Y, Li Y, Shen P, Liu Z, Zeng H, Zhang M, Chen N, Yao J, Huang R and Cai D (2022) Case report: Ultrasonographic findings of retroperitoneum and abdominal wall metastases of renal cell carcinoma with FH gene deletion. Front. Oncol. 12:896477. doi: 10.3389/fonc.2022.896477



Renal cell carcinoma with FH gene deletion is a rare subtype of renal cell carcinoma. There had been few reports about ultrasonographic imaging of metastasis of renal cell carcinoma with FH gene deletion. This case reported one of the features of metastasis of renal cell carcinoma with FH gene deletion of a male patient 7 months after undergoing radical nephrectomy. He was diagnosed with a renal malignant tumor before the operation and confirmed to be primary FH gene-deficient renal cell carcinoma after undergoing radical nephrectomy in another hospital. Reexamination 7 months after the operation indicated that multiple metastases all over the body were found; therefore, he came to our hospital for further diagnosis and therapy. The tumors have metastasized in the lungs, bones, and lymph nodes adjacent to the left reproductive vessels and external iliac vessels, retroperitoneum, and abdominal wall so far as confirmed by PET/CT or MRI. Ultrasonographic findings of masses in the retroperitoneum and abdominal wall are fully discussed, which have been confirmed by biopsy and diagnosed as renal cell carcinoma with FH gene deletion by pathology.
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Introduction

Renal cell carcinoma with FH gene deletion is a rare subtype of renal cell carcinoma (RCC). These tumors are usually metastatic at presentation and typically solitary and unilateral, unlike other familial RCC syndromes that are characterized by bilateral multifocal tumors (1). Many patients who presented with local or distant metastasis succumbed to the disease <5 years from the initial diagnosis (2). There had been few reports about ultrasonographic imaging of metastasis of renal cell carcinoma with FH gene deletion. This case reported one of the features of metastasis of renal cell carcinoma with FH gene deletion of a male patient 7 months after undergoing radical nephrectomy.



Case description

A 36-year-old man presented with a left lumbar mass of 1-month duration without obvious inducement 7 months after undergoing radical nephrectomy. The present study was performed in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of our hospital. In another hospital, the tumor in the left kidney was diagnosed as renal malignancy preoperatively, which was proved to be primary FH gene-deficient renal cell carcinoma after radical nephrectomy. Seven months after the operation, the patient came to our hospital because of multiple metastases in a large number of organs diagnosed by MRI, which were hard, mobilized poorly, and progressively enlarged. The tumor in the abdominal wall near the left waist was resected in our hospital, and targeted therapy and immunotherapy were performed postoperatively. The patient’s parents are alive, his brothers or sisters are in good health, and there is no family or genetic history.

Physical examination showed that the shape of the abdomen was normal and that there was no tenderness or rebound pain. During palpation of the waist of the left kidney area, a hard and poorly mobilized lump that was as big as an egg was found.

Clinical biochemical test (normal values are given in parentheses) showed that creatinine (68–108) was 151 μmol/L, estimated glomerular filtration rate (56–122) was 50.46 ml/min/1.73 m2, cystatin-C (0.51–1.09) was 1.64 mg/L, uric acid (240–490) was 572 μmol/L, triglyceride (0.29–1.83) was 4.42 mmol/L, anion gap (12.0–20.0) was 22.2 mmol/L, and calcium (2.11–2.52) was 2.54 mmol/L.


The features of ultrasound

The tumors in the retroperitoneum of the left renal region and the abdominal wall near the left waist were probed by ultrasonography. Ultrasonographic images (Aixplorer US system; SuperSonic Imagine, Aix-en-Provence, France) showed a septal cystic mass of about 8.9 × 4.6 × 5.3 cm with an ill−defined margin, relatively regular shape, and heterogeneous echo in the retroperitoneum of the left renal region by grayscale using a low-frequency transducer (SL 6-1 multifrequency convex transducer) (Figure 1A). The septum featured an uneven thickness, with 0.6 cm as the thickest. There were punctiform and linear color Doppler signals in the mass. The ultrasound images also showed a hypoechoic mass of about 2.4 × 1.9 × 3.0 cm with a relatively circumscribed margin, regular shape, and heterogeneous echo in the abdominal wall near the left waist, and patchy anechoic areas could be seen inside the mass by grayscale using a high-frequency probe (SL 10-2 multifrequency linear probe). There were punctiform and linear blood flow signals in the mass in both color Doppler (Figure 1B) and power Doppler. Contrast-enhanced ultrasound showed that the septum of the cystic mass in the retroperitoneum displayed rapid hyperenhancement in the arterial phase, equal enhancement in the venous phase, and equal enhancement in the delayed phase after intravenous injection of ultrasound contrast agent SonoVue (Bracco SpA, Milan, Italy). The part of the cyst was not enhanced in three phases. Contrast-enhanced ultrasound also showed that the mass in the abdominal wall displayed rapid hyperenhancement in the arterial phase (Figure 2), slightly low enhancement in the venous phase, and low enhancement in the delayed phase, and anechoic areas showed non-enhancement in three phases. Ultrasonography suggested that there was a septal cystic mass in the retroperitoneum of the left renal region, and combined with the features of contrast-enhanced ultrasound, it was considered Bosniak grade IV, which could be ascribed to tumor recurrence possibly; the mass in the abdominal wall near the left waist was considered tumor metastasis possibly combined with the features of contrast-enhanced ultrasound (3, 4).




Figure 1 | Ultrasonographic findings of masses in retroperitoneum and abdominal wall. (A) A multicystic mass was found in retroperitoneum of left renal region by grayscale using low-frequency transducer (hollow arrow), which featured multiple septa inside the cystic component (solid arrow). (B) By high-frequency probe, a hypoechoic mass was detected in abdominal wall near the left waist, and there were punctiform and linear blood flow signals in color Doppler (hollow arrow), which featured patchy anechoic areas inside the mass (solid arrow).






Figure 2 | Contrast-enhanced ultrasound findings of mass in abdominal wall near the left waist (hollow arrow). The hypoechoic mass showed rapid hyperenhancement in arterial phase (solid arrow).



In addition to ultrasonographic findings, other findings of imaging modalities, including PET/CT and MRI, are also provided in Figure 3.




Figure 3 | PET/CT and MRI findings of masses. (A) PET/CT images showed that multiple soft-tissue-density nodules and masses were found in left renal and adrenal region, perisplenic region, left retroperitoneum, left intraabdominal fascia, and left abdominal wall, which featured high uptake of 18F-FDG abnormally. (B) MRI images showed that multiple nodules and masses were found in left renal and adrenal regions, perisplenic region, left retroperitoneum, left vertebral fascia, subcutaneous and muscular layer of left posterior abdominal wall, anterior part of left psoas major muscle, and left iliac fossa, which suggested that the tumor has recurred and metastasized likely.



The intraoperative discovery showed that the mass was removed completely after dissociating the mass in the subcutaneous connective tissue and adipose tissue layer carefully. There was a capsule in the resected tumor, which has soft tissue and hemorrhagic necrotic foci inside.

Pathological examination showed that the size of the grayish-yellow and grayish-brown nodular mass was 3.5 × 2.5 × 2.5 cm, which had a complete and smooth capsule. The incanus and grayish-brown section plane were solid with moderate texture and hardness. Immunohistochemistry showed that PAX8 was positive, 2SC was positive, AKR1B10 was positive, AMACR was positive, CA9 was negative, CK7 was negative, TTF-1 was negative, and the targeted area was weakly positive with loss of FH gene expression, while the control is positive. The pathological findings were consistent with the metastasis of FH gene-deficient renal cell carcinoma, accounting for about 80% of the tumor (Figure 4).




Figure 4 | H&E staining results and immunohistochemistry staining results for FH gene and 2SC. (A) H&E staining results showed that the tumor cells in abdominal wall near the left waist, the majority of which were arranged into papillary shape, featured abundant and eosinophilic cytoplasm, round or oval enlarged nuclei with marked eosinophilic nucleoli, and perinucleolar halo (hematoxylin and eosin staining; magnification, ×40). (B, C) The tumor cells in abdominal wall near the left waist were visualized by immunohistochemistry staining for FH gene and 2SC, which revealed that the expression of FH protein was lost and 2SC was cytoplasmic positive (magnification, both ×100).






Discussion

Fumarate hydratase-deficient renal cell carcinoma (FH-d RCC) is a rare subtype of RCC associated with fumarate hydratase (FH) gene and hereditary leiomyomatosis and renal cell carcinoma (HLRCC) syndrome. HLRCC syndrome is a rare autosomal dominant disorder related to germline mutations of FH gene, which increases the risk of developing skin leiomyoma, uterine leiomyoma, and renal cell carcinoma (5, 6). In the latest 2016 edition of WHO renal tumor classification, HLRCC-associated RCC is listed as a new independent subtype of RCC (7).

In humans, the FH protein is encoded by FH gene, which is located on the q-arm of chromosome 1 (8). FH gene participates in the mitochondrial tricarboxylic acid cycle (9). In tumor tissues, heterozygous deletion of FH gene locus often results in complete loss of FH function. The most immediate effect is the accumulation of intracellular fumarate, which at high concentrations directly alters various cellular signaling pathways (8). Pyruvate has difficulty completing the tricarboxylic acid cycle in the cell, and the process of oxidative phosphorylation and energy supply inside the mitochondria is correspondingly difficult to unfold, and the energy supply can only rely on anaerobic glycolysis, which in turn leads to pseudo-hypoxia. There is an inextricable relationship between tumor development and pseudo-hypoxia (10).

At present, most studies focus on clinicopathology, molecular analysis, treatments, and so on of FH-d RCC. Yang et al. (11) investigated the multidetector computed tomography (MDCT) features of FH-d RCC, and Nikolovski et al. (12) evaluated the imaging features of FH-d RCC on CT, MRI, and FDG PET. However, the clinical imaging findings of metastasis of FH-d RCC, such as imaging of ultrasound, are rarely involved in reports.

FH-d RCC is different from ordinary familial RCC. It is highly aggressive, prone to local progression and metastasizing, and has a poor prognosis (13, 14). Studies by Muller et al. and Pan et al. showed that the median survival for metastatic FH-d RCC was about 18 months (15, 16). In this case, the patient underwent radical nephrectomy because of FH-d RCC, and tumors have been recurring and metastasizing in multiple organs 7 months after the operation. By using axitinib for the targeted therapy (200 mg ivggt q21d) and sintilimab (5mg bid) for the immunotherapy, the basic conditions of the patient improved gradually. To date, the patient has undergone 14 months (a total of 18 cycles of sintilimab) of treatment with this regimen, and the patient was very satisfied with our treatment plans.

The imaging features of the tumor or metastasis are unclear as a result of scarcity. The metastases of recurring lesions were reported, which displayed features by ultrasonography. In this case, by grayscale ultrasound, the mass features a septum in the cystic component or patchy anechoic areas in the hypoechoic mass. Relatively circumscribed margin, relatively regular shape, and heterogeneous echo in the mass could provide some clues for the diagnosis. In color Doppler and power Doppler, tiny punctiform and linear blood flow signals may indicate some characteristics of blood supply in the tumor. In contrast-enhanced ultrasound, the features of tumor perfusion, in this case, are distinctive. Hyperenhancement of the whole lesion was observed in the arterial phase, which contradicts ultrasonographic findings in color Doppler and power Doppler. Meanwhile, the tumor detected heterogeneous enhancement with fireworks-like enhancement, which showed punctiform hyperenhancement firstly from the center of the mass and then spread outward like fireworks in spite of patchy anechoic areas, which should present non-enhancement normally.

FH-d RCC is an infrequent renal malignant tumor, which is difficult to diagnose before the operation, and multimodal ultrasonography for the disease is even rarer. In this case, multimodal ultrasonographic features of metastatic lesions were described in detail, including grayscale, color Doppler, power Doppler, and contrast-enhanced ultrasound. Regrettably, there is no multimodal ultrasonography for the primary foci of FH-d RCC in this case report, and more cases are needed to obtain a more comprehensive understanding of the disease.
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Breast cancer is the most common malignant tumor in adult women. Its common metastatic sites are lymph nodes, bones, lungs, the liver, and the brain. It is so rare for a patient with breast cancer to have metastases of the gastrointestinal tract, peritoneum, and ovary at the same time that the clinical reporting rate is low. We present a case of a 61-year-old woman who underwent right mastectomy and chemoradiotherapy 3 years ago because of mixed invasive ductal-lobular breast cancer. This time, she came to the hospital due to the symptom of stomach discomfort for 2 weeks. The gastroscopy biopsy result showed gastric metastasis from breast cancer. Then, 18F-FDG imaging and 68Ga-FAPI PET/CT imaging were performed for further diagnosis; 68Ga-FAPI PET/CT demonstrated a significantly elevated FAPI activity in the thickened gastric wall, peritoneum, and bilateral adnexal areas, which was superior to that of 18F-FDG. Finally, a biopsy of suspicious lesions was taken for pathological and histochemical examination, which confirmed that, in addition to the gastric metastasis, the peritoneum and bilateral ovaries were all consistent with metastatic breast cancer.




Keywords: 18F-FDG, 68Ga-FAPI, PET/CT, breast cancer, gastric metastasis, peritoneal carcinomatosis, ovarian metastasis



Case presentation

A 61-year-old woman presented at a gastrointestinal surgery clinic with the symptom of stomach discomfort for 2 weeks. She underwent right modified radical mastectomy and axillary lymph node dissection for invasive ductal-lobular breast cancer (stage pT1cN1M0) 3 years ago, followed by chemotherapy (docetaxel 120 mg, doxorubicin 40 mg, and cyclophosphamide 80 mg every 21 days for a total of six cycles) and 5 weeks of radiotherapy (a total dose of 50 Gy in 25 fractions). Moreover, she has been taking anastrozole up to now. Meanwhile, she also brought her local gastroscopic biopsy result, which showed gastric metastasis from breast cancer. The patient underwent subsequent auxiliary examinations to assess her general condition. Laboratory examination revealed increased levels of CA125 and CA153, which were 46.46 U/ml (reference range 0–25.0) and 158.20 U/ml (reference range 0–24.0), respectively. Contrast-enhanced computed tomography (CECT) demonstrated that the thickening muscularis and mucosa at the distal end of the antrum had moderate enhancement. Pelvic ultrasound demonstrated abnormal changes in the bilateral adnexal areas, but the nature of these changes was uncertain. The patient was then referred to the nuclear medicine department for positron emission tomography/computed tomography (PET/CT) imaging to further evaluate whether there was metastasis in other parts of her body.

Fluorine 18 (18F) fluorodeoxyglucose (FDG) PET/CT (Figure 1) results revealed slight FDG activity in the thickened gastric wall (SUVmax 3.8) and an abnormal mass in the right adnexal area (SUVmax 3.0). There was no obvious abnormal FDG uptake in the peritoneum or the left adnexal area. In order to assist in making a diagnosis, the patient was recruited in the gallium 68 (68Ga)-conjugated fibroblast-activation protein inhibitor (FAPI) PET/CT clinical trial of malignant tumor approved by the institutional review committee of our hospital after the patient’s written informed consent was obtained (No. 2021069). Compared with 18F-FDG, 68Ga-FAPI PET/CT (Figure 2) results demonstrated significantly elevated FAPI activity in the thickened gastric wall (SUVmax 9.8) and a mass in the right adnexal area (SUVmax 11.6). Furthermore, 68Ga-FAPI PET/CT showed extensive peritoneal carcinomatosis with FAPI uptake (SUVmax 3.9) and a mass in the left adnexal area with moderate FAPI activity (SUVmax 6.5).




Figure 1 | Images of 18F-FDG PET/CT. (A) No obvious abnormality is found in the maximum intensity projection (MIP) image. (B–D) The axial images of the abdominal cavity reveal slight FDG activity in the thickened gastric wall (long arrows; SUVmax 3.8). (E–G) Similarly, the axial images of the pelvic cavity show an abnormal mass with a slight FDG uptake in the right adnexal area (short arrows; SUVmax 3.0).






Figure 2 | Images of 68Ga-FAPI PET/CT. (A) The MIP image shows several lesions with varying degrees of FAPI uptake. (B–D) Axial views of abdominal cavity demonstrate significantly elevated FAPI activity in the thickened gastric wall (long arrows; SUVmax 9.8). (E–G) The axial images of pelvic cavity reveal abnormal FAPI uptake in the bilateral adnexal areas (short arrows; SUVmax of right 11.6, SUVmax of left 6.5). (C, D) Furthermore, 68Ga-FAPI PET/CT showed extensive peritoneal carcinomatosis with FAPI uptake (dotted arrows; SUVmax 3.9).



In view of these auxiliary examination results, the patient underwent abdominopelvic exploration and pathological examination. In addition to gastric metastasis, histopathological and immunohistochemical examinations of bilateral adnexectomy and peritoneal nodule confirmed that both the peritoneum and bilateral ovaries had metastases from breast cancer (Figure 3). Subsequently, she received three consecutive days of intraperitoneal hyperthermic perfusion chemotherapy (paclitaxel 120 mg once a day). She is in a fair condition at present, and we will continue to follow her up in the future.




Figure 3 | Biopsy results of (A) gastric wall, (B) pelvic nodule, (C) right ovary, and (D) left ovary confirm that there are gastric, peritoneal, and ovarian metastases from breast cancer.





Discussion

Gastrointestinal metastases can sometimes be seen in patients with cancers of the breast, kidney, lung, and malignant melanoma. Breast cancer is the second type of cancer (after lung cancer) that determines gastrointestinal metastasis (1). Notably, different histological types of primary breast cancer tend to have different metastasis sites. Compared with invasive ductal cancer, metastases from breast cancer to the gastrointestinal tract, peritoneum, ovaries, and uterus are more likely to occur in invasive lobular cancer (2, 3). However, this is a case of mixed breast cancer. When breast cancer metastasizes to the gastrointestinal tract, the onset is hidden, and there are often no special manifestations. Some patients with breast cancer will even get hospitalized with gastrointestinal discomfort as the first symptom (4). The tumor cells of gastric metastasis from breast cancer usually grow diffusely under the mucosa and muscularis, resulting in localized or diffuse gastric wall thickening, which is difficult to be distinguished from primary gastric malignancies (5, 6). Pathological examination and immunohistochemistry are gold standards for diagnosis. Additionally, research shows that HNF4A alone could be a marker for distinguishing primary gastric cancer from breast metastasis (7).

Ovarian metastasis is frequently encountered during the course of breast cancer, concerning one woman in five among those suffering from the disease. These secondary ovarian lesions are usually small and bilateral with a non-cystic pattern and are more likely to be from the primary infiltrating lobular carcinoma of the breast (8). Previous studies suggest that the size of the tumor, positive lymph nodes, and the histological type are all related to the occurrence of ovarian metastasis from breast cancer. Researchers also emphasize the importance of measuring the level of the breast marker CA153 and the ovarian marker CA125 in the serum (9). Similarly, pathological and immunohistochemical results are the gold standard for the diagnosis of ovarian metastasis of breast cancer. Bilateral, solid, small-sized, and highly vascularized masses are characteristic features of ovarian metastasis on macroscopic examination (10).

Peritoneal metastasis from breast cancer is a challenging clinical presentation. There is a lack of knowledge syntheses and specific recommendations for the management of breast cancer peritoneal metastases. The majority of pathology and imaging reports demonstrate that breast cancer peritoneal metastasis is mainly associated with invasive lobular carcinoma and the following intrinsic subtypes: HER2-enriched, luminal B, and basal-like (11, 12). Therefore, for patients with breast cancer, doctors should pay attention to identifying these metastatic cancers to develop correct treatment plans, and 68Ga-FAPI PET/CT will stand out in the process of auxiliary diagnosis.

Most patients with peritoneal metastasis have poor prognosis, with only a minority of the patients having a survival time of more than 6 months (11, 12). In addition, research shows that the median survival time until the gastric involvement was 19 months (range, 0–41 months) (13). At present, there are still few original studies on the prognosis of gastric, peritoneal, and ovarian metastases of breast cancer.

FAPI, a newly developed tumor imaging target, can specifically bind to FAP in vivo, which is overexpressed in cancer-associated fibroblasts in many primary solid tumors and metastases. Many recent studies have demonstrated that 68Ga-FAPI is superior to 18F-FDG in tumor detection in many types. Compared with 18F-FDG, 68Ga-FAPI shows several advantages, including a better tumor-to-background ratio, independence of blood glucose levels, rapid renal clearance, and feasibility of rapid image acquisition (14, 15). Many recent studies have demonstrated that 68Ga-FAPI is superior to 18F-FDG in the detection of many types of tumors, especially some malignant lesions of the gastrointestinal tract and peritoneum, with higher tracer uptake in most primary and metastatic lesions. One of the possible reasons is that 18F-FDG PET/CT imaging is often interfered by non-specific gastrointestinal physiological uptake in the abdomen and the pelvis, which may cause diagnostic bias, whereas the uptake of 68Ga-FAPI is not affected by this. Moreover, 18F-FDG may appear false negative in some malignant lesions with inactive glucose metabolism, such as gastrointestinal tumors with more signet ring cells and mucinous tissue in which 68Ga-FAPI will show great advantages (16–21). This case may be an example that can guide physicians in making better treatment strategies.



Conclusion

Gastric and ovarian metastases of breast cancer can present with clinical and imaging characteristics resembling primary malignancy. Even pathological changes are difficult to identify, and immunohistochemistry is helpful for differential diagnosis. These similarities can cause significant diagnostic difficulties, with a subsequent therapeutic delay and a potential adverse outcome. However, how to accurately evaluate tumor staging and restaging before treatment is an important basis for clinical decision-making. Therefore, patients with a history of breast cancer should be considered for the possibility of developing distant metastasis if abnormal changes are found in the above parts of the body. It is worth noting that PET/CT can detect regional metastatic lymph nodes and distant metastasis through one-stop imaging, which is becoming more and more significant in clinical staging and restaging of tumors. In particular, for malignant tumors in the abdomen and the pelvis, such as gastrointestinal tumors and peritoneal carcinoma, whether primary or metastatic, 68Ga-FAPI may have a greater advantage over 18F-FDG, with a higher detection rate.
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Proliferating trichilemmal tumor is a very rare benign tumor that has the potential to transition into a malignant tumor. PTT most commonly affects the scalps of women above 60 years old and is frequently misdiagnosed due to its rarity. Herein, we present a case of a 68-year-old man with a malignant proliferating trichilemmal tumor on his right thumb. X-ray image showed a soft tissue mass on his thumb accompanied by bone destruction, while 18F-FDG PET revealed a hypermetabolic mass in the first index with axillary lymph node metastasis.
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Introduction

Proliferating trichilemmal tumor (PTT) is a benign neoplasia originating from the outer root sheath of hair follicles. PTT generally affects older women in the head and neck region and is often misdiagnosed (1, 2). Previous studies have linked trauma and/or inflammation to PTT (3). PTT are benign tumors that can become cancerous, termed malignant proliferating trichilemmal tumor (MPTT) (1, 3). Here, we present an unusual case of MPTT that was detected on the thumb of an elderly man.



Case report

A 68-year-old man was diagnosed with a soft tissue mass at the distal end of his right thumb that had been present for 6 months but was overlooked due to the mild symptoms. Two months prior to admission, the lesion showed rapid growth accompanied by persistent dull pain. Physical examination revealed swelling at the distal segment of the thumb, local skin flushing, and slight tenderness.

X-ray imaging identified a mass at the distal part of the thumb with bone destruction (Figure 1). In addition, 18F-FDG PET/CT examination revealed a significantly high metabolic activity in the thumb and right axillary lymph nodes (Figure 2).




Figure 1 | The X-ray image shows a mass at the distal end of the right thumb with marked phalanx destruction (arrow).






Figure 2 | 18F-FDG PET reveals intense areas of 18F-FDG uptake in the right thumb(arrow) and axillary lymph nodes (arrowhead).



Eventually, we surgically excised the lesion, which was approximately 5.5 cm × 3.5 cm × 3.0 cm in size. Light microscopy revealed that there are many clumps composed of epithelial cells under the skin. The clumps are lobulated, the outer cells are arranged in a palisade shape, and there is trichilemmal keratinization in the center. Between outer cells and central trichilemmal keratinization, there are no granular layers. There are obvious cytological atypia and nuclear pleomorphism in the outer cells (Figure 3). Immunohistochemistry results were positive for P63, P40, CK14, and EMA, while the tumor cells were negative for CD34.




Figure 3 | Photomicrograph shows many clumps composed of epithelial cells under the skin, the clumps are lobulated and the marginal cells are distributed in a palisade shape, with obvious keratinization in the center, but lacking a granular layer (A, HE×100). In the outer cells, there are obvious cytological atypia and nuclear pleomorphism (B, HE×400).



Taken together, the above findings support the diagnosis of MPTT. A needle biopsy performed on the right axillary lymph node confirmed the presence of metastatic MPTT. Adjuvant chemotherapy was planned after surgery, and the patient was discharged. After surgical resection, he was followed for 6 months, and there was no report of recurrence.



Discussion

PTT are rare conditions that mainly occur in women above 60 years of age. Approximately 90% of cases occur on the scalp, with the remaining 10% located in regions such as the back, wrist, nose, and pudenda, to name a few (1). Even less common is PTT of the finger, which has been reported in the literature in only four cases. All four lesions were located in the subungual region (4–7). The researchers hypothesized that the subungual PTT was derived from the nail matrix, which could keratinize to a trichilemmal organization (5). PTT may also result from follicular units containing nail bed epithelium remaining in nails (8).

To the best of our knowledge, MPTT metastases have only been studied with 18F-FDG PET in two patients previously (9, 10). In one case, 18F-FDG PET was used to assess lymph node metastases caused by recurrent scalp MPTT (10). The other case underwent 18F-FDG PET/CT to investigate lymph node metastases of a shoulder MPTT (9). MPTT intensified glucose avidity was present in all cases, suggesting that 18F-FDG PET may be useful in the workup of MPTT patients, especially in cases where the tumor’s malignancy potential is not clear.

The pathology of PTT is characterized by trichilemmal keratinization without granular layers. Trichilemmal Cysts, PTT, and MPTT are tumors with differentiation of hair follicles, which have a continuous pedigree from benign to malignant, one end of the tumor is a cystic tumor with a clear boundary, and the other end has malignant characteristics. When the tumor grows rapidly, has invasive growth and distant metastasis, and has a large number of nuclear pleomorphisms and obvious cytological atypia, MPTT should be considered. CD34 is a marker of outer hair root sheath differentiation and is negative in MPTT, which is also the point of differentiation between PTT and MPTT. Desmoplastic trichilemmomas are mostly found on the face, and similar to the trichilemmal tumor, it is characterized by subcutaneous tumor lobules and trichilemmal keratinization, and CD34 is positive. Furthermore, desmoplastic trichilemmomas have strips of epithelial cells growing at the edges (11). Trichilemmal keratinization is not seen in squamous cell carcinoma. Based on this, PTT can be differentiated from squamous cell carcinoma.

In conclusion, this is a rare case of MPTT in the thumb, and 18F-FDG PET was useful in confirming axillary lymph node involvement in this rare neoplasia.
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Abstract background

Osteofibrous dysplasia-like adamantinoma (OFD-like adamantinoma), classical adamantinoma and dedifferentiated adamantinoma were previously considered to be three subtypes of adamantinoma of long bones. In the 5th edition of the World Health Organization (WHO) classification of bone tumors in 2020, OFD-like adamantinoma was newly proposed and classified as an intermediate-locally aggressive tumor in other mesenchymal tumors of bone. OFD-like adamantinoma is rare, accounting for only 0.4% of all primary bone tumors. OFD-like adamantinoma is often misdiagnosed due to the insufficient understanding of it. Here we report a case of OFD-like adamantinoma treated in our hospital with a literature review.



Case presentation

The patient, a 14-year-old male, had swelling in his right leg with intermittent pain for one year. Plain radiography, computed tomography (CT) and magnetic resonance imaging (MRI) were performed. Based on the radiological and histological examinations, a diagnosis of OFD-like adamantinoma was suspected. After admission, the patient underwent tumor resection of the right tibia, free transplantation of the left fibula and internal fixation. After resection of the tumor, the wound recovered well, the vital signs were stable, and activity was normal. The patient has been followed up for more than a year with no recurrence or distant metastasis.



Conclusion

OFD-like adamantinoma is a rare primary bone tumor with nonspecific clinical features. Imaging examination can demonstrate the lesion and help diagnosis. The pathological discovery of epithelioid tissue is the key evidence for diagnosis.





Keywords: bone tumor, osteofibrous dysplasia-like adamantinoma, plain radiography, computed tomography, magnetic resonance imaging



Introduction

Osteofibrous dysplasia-like adamantinoma, which is relatively rare to encounter in clinical practice, is also known as OFD-like adamantinoma and is a kind of low-grade malignant bone tumor that is different from classical adamantinoma and osteofibrous dysplasia (OFD). A case of OFD-like adamantinoma treated in our hospital is reported in this paper with a literature review.



Case description

A 14-year-old male patient had swelling in his right leg with intermittent pain for 1 year. The swelling of the lower leg was severe after exercise and could be relieved by rest. The previous month, he was treated at an external hospital, and the plain film radiography showed a lesion of the right tibia, so he came to our hospital for treatment. Physical examination: both lower limbs were equal in length, and obvious swelling or tenderness was not palpated in the right lower leg. The movement of both lower limbs and the muscle strength were normal. Plain radiography: the cortical expansive bone destruction of the anterior edge of the right upper tibia was irregular and lobulated, and the sclerotic edge could be seen. The long axis of the lesion was consistent with the tibia, with a maximum cross-sectional area of 2.1 × 1.9 cm and a length of approximately 7.5 cm, with no obvious periosteal reaction and no definite soft tissue mass. Computed tomography (CT): the lesion showed an eccentric polycystic expansive lucency area, and the bone cortex was expanded and thinned. Cortical interruption could be seen on some levels, and a small local lamellar periosteal reaction was observed in some parts. The lesion was associated with pathological fracture. Magnetic resonance imaging (MRI): the lesion of the upper right tibia showed a low signal on T1-weighted imaging (T1WI), a high signal on T2-weighted imaging (T2WI), and a high signal on diffusion-weighted imaging (DWI). The lesion showed significant enhancement on the postcontrast MRI scan. The preoperative imaging diagnosis was OFD of the upper right tibia with pathological fracture. After admission, the patient underwent tumor resection of the right tibia, free transplantation of the left fibula, and internal fixation. During the operation, the lesion was found to be located in the anterolateral bone cortex of the right tibia, and the tumor was white, flexible, and bleeding. The patient had good tolerance to the surgery with stable intraoperative condition. After resection of the tumor, the wound recovered well, the vital signs were stable, and activity was normal. Pathological examination showed a small amount of hyperplastic fibrous tissue and irregular woven bone and osteoblasts, in which scattered nest-like epithelial cells were seen. The immunohistochemistry results showed Ki-67 (+1%), SATB2 (+), CK19 (1+), AE1/AE3 (1+), CK18 (−), EMA (−), P63 (1+), S-100 (−), MDM2 (2+), SMA (−), and β-catenin (2+, cytoplasm) (Figure 1). The patient was recommended to be closely followed up and observed after the operation, avoiding weight bearing to prevent the aggravation of pathological fracture. The patient has been followed up for more than a year with no recurrence or distant metastasis.




Figure 1 | Lateral plain radiography of the tibia (A) showed a polycystic expansive bone destruction area in the anterior cortex of the upper segment of the right tibia with a sclerotic edge that was irregular and lobulated, and the long axis of the lesion was consistent with the tibia. The sagittal reformation image of CT (B) and the axial image of CT (G) clearly showed that the lesion is an eccentric polycystic expansive transparent area while the bone cortex expands and thins. Cortical interruption could be seen in some layers with a small periosteal reaction in some parts, and cortical hyperplasia, sclerosis, and cortical destruction could be visualized around the lesions. MRI showed abnormal signal lesions of the upper tibia on the right side with low signal intensities on T1-weighted images (T1WI) (C) and high signal intensities on sagittal and axial T2-weighted images (T2WI) (D, H). The lesions were significantly enhanced on postcontrast scans (E). The postoperative plain radiography of the lower limb (I–K) showed postoperative changes of tumor resection of the right tibia, free transplantation of the left fibula, and internal fixation. The gross specimen during the operation (F) showed a sagittal view of the tumor and the tibia, which had a good comparison with the lateral plain radiography and sagittal CT and MRI images (A–E). Tumor pathological HE sections (L, M) showed irregularly woven bone trabeculae surrounded by osteoblasts, with many fibrous matrix and small nests of epithelial cells. Immunohistochemistry (N, O) showed nests of small tumor cells positive for cytokeratin CK19.





Discussion

In addition to odontogenic epithelial tumors of the jaw, adamantinoma of long bones is the only truly primary epithelial tumor of bone. OFD-like adamantinoma, classical adamantinoma, and dedifferentiated adamantinoma were previously considered to be three subtypes of adamantinoma of long bones. In the 5th edition of the World Health Organization (WHO) classification of bone tumors in 2020, OFD-like adamantinoma was newly proposed and classified as an intermediate-locally aggressive tumor in other mesenchymal tumors of bone, while adamantinoma of long bones and dedifferentiated adamantinoma were classified as malignant tumors in other mesenchymal tumors of bone (1, 2). OFD-like adamantinoma is rare, accounting for only 0.4% of all primary bone tumors (3).

OFD-like adamantinoma grows slowly, with an average onset at 14 years of age, and there is no significant sex difference (4). Most patients experience clinical manifestations of swelling, pain, or pathological fracture (5). Under the pathological microscope, osteoblasts surround the bone fibrous stroma with needle-woven bone, which is characterized by nested epithelial cell clusters or scattered isolated epithelial cells under the background of OFD. Immunostaining can show cytokeratin (CK) positivity. The diagnosis should be further confirmed by immunohistochemistry (6–8). In this case, CK14 and AE1/AE3 were expressed in the tumor, suggesting that it was derived from epithelial tissue.

The location of OFD-like adamantinoma is characteristic and is mostly located in the shaft of the tibia (7). It is an intracortical lesion that occurs especially in the anterior cortex. Keeney et al. found that some sample cases (approximately 13%) were associated with ipsilateral fibular lesions (9). OFD-like adamantinoma is a locally invasive bone tumor with both benign and malignant features. Plain radiography shows eccentric cystic expansive bone destruction, which can be osteolytic or osteolytic sclerotic mixed type. The edge can be more often irregular. Periosteal reactions and soft tissue masses are rare, and anterior tibial anterior tibial bowing can be seen. Compared with plain radiography, CT, especially on thin layers with multiplanar reformation (MPR) reconstruction, can better show the details of cortical destruction and soft tissue density in the area of bone destruction and help detect subtle pathological fractures. The MRI signal is nonspecific. Soft tissue in the damaged area shows a slightly low signal on T1WI and an uneven high signal on T2WI, and the postcontrast scan shows heterogeneous enhancement. The superiority of MRI can better reflect the cystic and solid components of the tumor and the involvement of the medullary cavity, soft tissue, and the surrounding edema. The imaging examination of this case was comprehensive: the plain radiography, CT, and plain/postcontrast MRI findings were basically consistent with the imaging features of OFD-like adamantinoma. In this case, a small periosteal reaction was observed, which may be related to pathological fracture.

The histological and imaging features of OFD, OFD-like adamantinoma, and adamantinoma of long bones are closely related. They were previously considered to belong to the same disease pedigree (10), but it is difficult to distinguish them. OFD, also known as ossifying fibroma, is a benign disease whose age of onset, location, and imaging features are similar to those of OFD-like adamantinoma. It is often difficult to distinguish these conditions by imaging methods alone (11). Based on preoperative imaging, this case was diagnosed as the more common OFD, and the diagnosis of OFD-like adamantinoma was confirmed only after pathological microscopic observation and immunohistochemical detection of epithelial components. Adamantinoma of long bones is a low-grade malignant tumor. Compared with the features of OFD, invasive/malignant features such as the longitudinal length of the lesion, involvement of the medullary cavity, and moth-eaten margins may indicate a diagnosis of OFD-like adamantinoma (10). Some studies have shown that OFD-like adamantinoma can progress to adamantinoma. Hatori et al. speculated that OFD-like adamantinoma may be the precursor lesion of adamantinoma of long bones, but no research has confirmed this (3). Two cases of newly diagnosed OFD-like adamantinoma reported by Hazelbag in 1994 developed into adamantinoma of long bones when they recurred locally (12). Retrospective analysis found that there was a possibility of misdiagnosis by needle biopsy histology at the first diagnosis, which suggested that a biopsy of the lesion should be taken extensively and from multiple sites, and immunohistochemistry should be added to aid in the diagnosis when necessary. OFD-like adamantinoma has a better outcome than classic adamantinoma, but  long-term follow-up is necessary due to the possibility of local recurrence and late complications (13).

In conclusion, OFD-like adamantinoma is rare, and its clinical features are not specific. Imaging examination can demonstrate the lesion well and provide valuable help for diagnosis and differential diagnosis, but the final diagnosis often requires multidisciplinary consultation (14). The pathological discovery of epithelioid tissue is the key evidence for diagnosis.
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Neuroendocrine neoplasms (NENs) comprise a heterogeneous collection of tumors derived from various neuroendocrine cells and are divided into functioning NEN and non-functioning NEN. Some NENs present with mild symptoms and can secrete somatostatin. These neoplasms are known as somatostatin-producing oligosymptomatic NENs. In this report, we describe a case of metastatic somatostatin-producing oligosymptomatic NEN with peritumoral hepatic steatosis and review the relevant literature. The patient was a 45-year-old woman who presented with mild steatorrhea and melena. A computed tomography scan revealed an enlarged pancreas protruding into the duodenum. Pathology after total pancreatectomy showed a grade 2 pancreatic NEN with positive somatostatin immunostaining. Enlarging masses on the liver were observed after the operation. Ultrasound examination revealed several lesions in the liver, with inner hypoechoic areas that showed rapid enhancement and fast washout on contrast-enhanced ultrasonography and with outer hyperechoic areas with continuous iso-enhancement. Therefore, the inner hypoechoic areas seen on contrast-enhanced ultrasonography were suspected to be true metastases. A biopsy confirmed this suspicion and indicated that the outer areas were peritumoral liver steatosis. This case highlights the importance of the imaging pattern described in this report for accurate diagnosis of metastatic NEN to avoid incorrect estimation of tumor size or a missed diagnosis on biopsy.




Keywords: pancreas, neuroendocrine neoplasm, somatostatin, peritumoral steatosis, case report



Introduction

As found in various organs, neuroendocrine neoplasms (NENs) are a group of neural crest tumors, at least 70% of which are of gastroenteropancreatic origin (1). Somatostatin-producing oligosymptomatic NEN is a subtype of pancreatic NEN. In this report, we describe a patient who had somatostatin-producing oligosymptomatic NEN with metastasis to the liver and peritumoral hepatic steatosis. This is the first report on the unique pathological and imaging features of this specific subtype of tumor.



Case presentation

A 45-year-old Chinese woman with mild steatorrhea and melena was admitted to our hospital after pathological examination of a biopsy of the pancreas confirmed grade 2 pancreatic NEN. The patient had no other signs or manifestations, such as abdominal pain, weight loss, jaundice, palpitations, hunger, reflux, or skin rash. Computed tomography (CT) examination of the abdomen and pelvis revealed an irregularly shaped pancreas. No abnormality was apparent in the liver or other organs (Figure 1A). Total pancreatectomy had originally been recommended but was refused by the patient. Eight months later, the melena worsened. A CT examination showed a more enlarged pancreas, part of which was protruding into the duodenum (Figures 1B, C). Physical examination did not reveal any important clinical findings. Preoperative laboratory investigations, including for CA199, CEA, CA125, insulin, C-peptide, fasting serum glucose, somatostatin, glucagon, and gastrin, were normal. Screening of the parathyroid glands and adenohypophysis was negative. The family and psychosocial history was normal. Total pancreatectomy and splenectomy were performed via an open approach, and R0 resection was achieved. The pathological results were consistent with grade 2 pancreatic NEN with 2 mitoses/2 mm2 and a Ki-67 proliferation index of 5%. Immunostaining of chromogranin A, synaptophysin, and somatostatin was positive, but immunostaining of insulin, gastrin, and glucagon was negative (Figures 2A, B). In view of the clinical findings not being strong or distinctive enough for somatostatinoma and mild steatorrhea being the only sign present early in the clinical course, the final diagnosis was somatostatin-producing oligosymptomatic NEN.




Figure 1 | Radiological evaluation before and after surgery. (A) Irregularly shaped pancreas seen on contrast-enhanced computed tomography (CT) at the first admission. (B) Enlarged pancreas on contrast-enhanced CT before surgery. (C) Head of the pancreas protruding into the duodenum on contrast-enhanced CT before surgery. (D–F) Axial T1-weighted in-phase and out-of-phase images obtained during follow-up (D, 1.5 years after surgery; E, 2 years after surgery; F, 2.5 years after surgery). There were several patchy and nodular high-signal lesions in the right lobe of the liver on the in-phase image. Note a significant signal drop in these lesions on the opposed-phase image. The lesions gradually enlarged during follow-up. A nodule inside the largest lesion was detected in the last follow-up scan.






Figure 2 | Pathological results. (A) Hematoxylin-eosin staining of the pancreatic neuroendocrine neoplasm. (B) Somatostatin immunostaining. (C) Biopsy of the liver metastases.



The patient was followed up regularly after surgery at 3-month intervals with magnetic resonance imaging (MRI) of the abdomen every 6 months. At 1.5 years postoperatively, multiple small patchy and nodular lesions with opposite signals on axial T1-weighted in-phase and out-of-phase MRI were detected in the liver for the first time (Figure 1D). In view of the indeterminate nature of these lesions at that time, continued follow-up was recommended. The volumes of the lesions continued to increase after a further 6 months and 1 year (Figures 1E, F). Given that the lesions showed opposite signals on in-phase and out-of-phase T1-weighted MRI and were enlarging during follow-up, metastatic tumor with fatty changes was strongly suspected. We then performed a comprehensive ultrasonographic investigation of the liver lesions. A conventional ultrasound scan revealed several irregularly shaped hyperechoic lesions in the liver. The largest lesion measured 6.7 × 3.9 cm and was located in the right lobe. A hypoechoic area with a diameter of 2.2 cm was observed inside this hyperechoic lesion (Figure 3A). Contrast-enhanced ultrasonography (CEUS) was then performed to confirm the exact location of the lesion and to avoid the possibility of a false-negative biopsy result. CEUS of the inner hypoechoic area showed rapid enhancement in the arterial phase and early washout in the portal venous phase with hypo-enhancement in the delayed phase. However, continuous iso-enhancement or hypo-enhancement was seen in the peripheral area (Figures 3B–D). The patient had no discomfort, and her liver function tests were normal. A real-time ultrasound-guided biopsy was performed to ensure extraction of both the peripheral hyperechoic and inner hypoechoic areas and to clarify the nature of the lesions. Histologic evaluation showed a small number of NEN cells and peritumoral liver cells with fatty change (Figure 2C).




Figure 3 | Contrast-enhanced ultrasonography of lesions in the liver. (A) B-mode ultrasound examination revealed several lesions with an inner hypoechoic area and outer hyperechoic area. (B–D) Contrast-enhanced ultrasonographic scans [(B), 13 s in the arterial phase; (C), 68 s in the portal venous phase; (D), 152 s in the delayed phase] showed rapid enhancement in the arterial phase, early washout in the portal venous phase, and hypo-enhancement in the delayed phase in the inner hypoechoic area. However, the peripheral area was continuously iso-enhancing or hypo-enhancing.



Therefore, a diagnosis of liver metastasis of NEN was made. Three months later, the patient was started on sulfatinib, a small-molecule drug that targets the vascular endothelial growth factor and fibroblast growth factor receptors, as part of a clinical trial. The patient was followed up intensively at monthly intervals. Grade 1 hypertension and abnormal liver function were documented as adverse effects. Clinical evaluation in July 2022 (40 months after biopsy of the liver lesions) revealed stable disease. Timeline showing the course of the disease is in Figure 4.




Figure 4 | Timeline showing the course of the disease.





Discussion

This report describes a patient with metastatic NEN to the liver who had unique pathological and imaging features. The hepatic metastases were surrounded by liver cells showing fatty changes. Ultrasonography showed that these lesions contained a hypoechoic area in the center of a hyperechoic area. CEUS was able to distinguish the actual boundary of the metastases and to guide liver biopsy. To the best of our knowledge, this is the first report of metastatic somatostatin-producing oligosymptomatic NEN with peritumoral liver steatosis.

Pancreatic NENs are divided into functioning and non-functioning tumors. Functioning NENs can secrete a large amount of hormones, causing specific clinical hormone hypersecretion syndromes, including insulinoma, glucagonoma, somatostatinoma, gastrinoma, and VIPoma as well as serotonin-producing tumors and adrenocorticotropic hormone-producing tumors. Non-functioning tumors are not associated with clinical hormone hypersecretion syndromes. However, some may still produce biogenic hormones and stain on immunochemistry. The levels of these hormones, which include glucagon, pancreatic polypeptide, somatostatin, and chromogranin, are insufficient to cause clinical symptoms (2). Tumors that demonstrate immunohistochemical labeling with somatostatin but are not associated with symptoms of somatostatinoma syndrome, such as diabetes, cholelithiasis, or diarrhea/steatorrhea, should be classified as somatostatin-producing well-differentiated NEN rather than somatostatinoma (3). The patient in this report presented with only mild steatorrhea, had no other obvious clinical manifestations of somatostatinoma syndrome, and did not have abnormal serum hormone levels. Therefore, this case should be designated as somatostatin-producing oligosymptomatic NEN.

Although the imaging features of liver metastases vary because of the heterogenous origins of the primary tumors, the ultrasonogram in this case showed features that are not often encountered, which made diagnosis difficult. The outer hyperechoic area may be mistaken for tumor tissue and the inner hypoechoic area may be interpreted as liquidation, necrosis, or mucin secretion. Under these circumstances, the tumor volume may be overestimated or the diagnosis missed if the biopsy extracts tissue only from the outer hyperechoic area. However, CEUS may have unique advantages that overcome the abovementioned problems to some extent. In this case, the enhancement pattern in the outer area seemed to indicate normal or relatively normal hepatic tissue, whereas that in the inner area was consistent with the hyper-enhancement typical of metastatic lesions. Furthermore, the results of CEUS helped to generate the biopsy strategy.

CEUS is useful in the evaluation of liver metastases. In a meta-analysis that included 828 lesions, the overall sensitivity of CEUS was 91% (4). Several studies have clearly shown that CEUS allows better imaging of the liver, especially in cases with superficial metastases and where there are lesions along the ligamentum teres (5, 6). Similarly, intraoperative CEUS has been shown to have better diagnostic performance than conventional ultrasound for detection of small liver metastases (7). CEUS is also comparable with contrast-enhanced CT and contrast-enhanced MRI in detection of liver metastases (8, 9). The enhancement pattern of liver metastases in the arterial phase is related to the degree of arterial perfusion. Hypervascular metastases, including NENs, have been reported to show a complete hyper-enhancement pattern in the arterial phase and hypo-enhancement and even non-enhancement in the portal and delayed phases (10). This enhancement pattern was also seen in our case.

Most of the relevant literature on use of CEUS for detection of liver metastases has involved patients with a gastroenteric tumor as the primary. Few studies have included patients with pancreatic NEN, for which the imaging features have been unclear (5). We searched PubMed, Embase, and Google Scholar databases to determine whether peritumoral hepatic steatosis was a unique feature of metastatic pancreatic NEN. The search identified nine cases, the clinical and imaging characteristics of which are shown in Table 1 (11–18). The patients’ ages at the time of diagnosis of metastatic liver lesions were 27–77 years, with a slight female predominance. The time interval between diagnosis of the primary tumor and liver metastases was up to 10 years but mostly less than 5 years. Ultrasonography, CT, and MRI were used to detect metastases in these reports, and our case is the first in which CEUS was used. In terms of imaging features, the fatty infiltration pattern was likely a focal rim surrounding the metastatic tumor in most of the reported cases, including in our case, although there was one report of a wedge-shaped lesion with steatosis distal to the portal flow (11). Most studies did not report the size of the lesions; those that did reported the size of the inner area to be less than 2 cm. In terms of pathological subtype, seven of the nine reported cases were insulinoma and two were non-functioning NEN. Insulin immunostaining was positive for one of the non-functioning NEN and negative for all common hormones, including insulin, gastrin, somatostatin, and glucagon, in the other.


Table 1 | Brief review of metastatic NEN cases with peritumoral liver steatosis in the literature and this case.



The mechanism via which peritumoral hepatic steatosis develops in patients with metastatic NEN is still uncertain. However, the insulin produced by insulinomas may explain the steatosis around the metastases. Insulin is known to be important in the pathogenesis of hepatic steatosis. A higher level of insulin could inhibit oxidation of free fatty acids and activate genes associated with de novo lipogenesis, leading to accumulation of fat in hepatocytes (19). The phenomenon of local steatosis caused by insulin has also been observed in patients with intraperitoneal insulin delivery (20) and those with intraportal islet transplantation (21). In contrast, glucagon facilitates oxidation of fatty acids in hepatocytes and accordingly favors lipolysis (22). There has been a report of a patient with a history of diffuse non-alcoholic fatty liver disease who was found to have metastatic glucagonoma surrounded by a steatosis-deficient zone with an imaging pattern that was also opposite to that of insulinoma (13).

The theory of local hormone production could explain some cases of insulinoma and the reported case of non-functioning NEN with positive insulin staining, which also produced insulin in the area surrounding the tumor (11). However, this theory could not explain our case or the case that produced no hormones. Somatostatin can regulate blood glucose levels under physiological conditions by inhibiting insulin and glucagon secretion from the pancreas (23). However, our patient had undergone total pancreatectomy before liver metastasis was recognized. Furthermore, one report mentioned that a localized decrease in portal flow was one of the causes of focal fatty infiltration (11). Because the imaging features of the lesion in that case were not consistent with those in most of the other reports, this suspicion may also be imperfect. Although we could not confirm the cause of focal steatosis in our patient pathologically, it was speculated that a change in the tumor microenvironment may have contributed to the fatty changes associated with the metastatic NEN.

This research has some limitations. First, somatostatin receptor scintigraphy, such as octreoscan or 68Ga-DOTATOC positron emission tomography, was not performed before or after surgery. Therefore, there is a small possibility that micrometastases were missed. Second, the mechanism for the development of the peritumoral steatosis remains unclear.

In summary, this is the first report of peritumoral liver steatosis in a patient with metastatic somatostatin-producing oligosymptomatic NEN. Peritumoral liver steatosis may be a specific pathological and imaging feature observed in metastatic NENs. Awareness of this feature is conducive to an early and accurate diagnosis. CEUS and other imaging procedures may help to distinguish tumor size and guide biopsy of metastases.
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Background

PET-CT is the first choice for the imaging diagnosis of intraperitoneal lymphomas. Contrast-enhanced ultrasound (CEUS) is rare in the diagnosis of intraperitoneal nodal lymphoma.



Case summary

A 62-year-old man was admitted for examination with “right upper abdominal pain”. Ultrasound was used to refer to the masses in the hilar region, spleen, and anterior sacral region respectively. The masses were all hypoechoic, and blood flow signals could be detected by CDFI. Laboratory tests of CA125 were within normal limits. CEUS examination was performed on the three masses respectively. The three masses showed different perfusion patterns. Thickened vessels appeared around the mass in the hilar region, a peripheral centrally directed perfusion pattern was observed in the splenic mass, and blood supply vessels appeared in the center of the presacral mass with a significant filling defect. They all showed a contrast pattern with rapid clearance and hypoenhancement compared with the surrounding areas. Ultrasound guided needle biopsy revealed non-Hodgkin’s lymphoma, diffuse large B-cell lymphoma, non-germinal center origin. After biopsy, the patient was treated with R-CHOP regimen for chemotherapy, and the tumor disappeared by routine ultrasound review after 5 cycles of chemotherapy.



Conclusion

To the best of our knowledge, this report is the first to describe the findings of CEUS in intraperitoneal nodal lymphoma. CEUS has various manifestations in intraperitoneal nodal lymphoma. Future studies are still needed to explore the diagnostic features of CEUS in intraperitoneal nodal lymphoma.





Keywords: non-Hodgkin’s lymphoma, ultrasound, contrast-enhanced ultrasound (CEUS), time-intensity curve (TIC), Positron Emission Tomography- Computed Tomography (PET- CT)



Introduction

The incidence of lymphoma continues to rise worldwide. According to Global Cancer Statistics 2018, non-Hodgkin’s lymphoma ranks 13th and 11th among all forms of malignancy in terms of morbidity and mortality (1). The diagnosis of lymphoma depends on pathology, and imaging examination can provide more staging information. The application of contrast-enhanced ultrasound (CEUS) in the diagnosis of lymphoma is rare in medicine. Intraperitoneal lymph node lymphoma is less common than superficial lymph nodes. Up to the present, no studies have reported the diagnosis of intraperitoneal nodal lymphoma by contrast-enhanced ultrasound.



Case presentation


Chief complaints

A 62-year-old male patient was admitted to the hospital because of “Pain in the right upper abdomen”. Through CT upper abdominal plain scan, a mass in the hilar region could be seen clearly. Thus, further examination was recommended.



History of past illness

The patient had no medical history of other blood diseases, no low fever, no night sweats, and no significant weight loss. In 2015, he underwent cerebrovascular stenting for basilar artery stenosis, and recovered well after surgery. Rosuvastatin, Clopidogrel and Aspirin were taken orally to control the disease. In 2016, he underwent cholecystectomy due to gallstones, and no abdominal discomfort occurred after the operation. He had a history of hypertension for more than 20 years, and his blood pressure was well controlled without other chronic diseases at ordinary times.



Personal and family history

The patient smoked for more than 20 years and quit smoking for more than 10 years. Denied any history of alcohol use. No history of drug or food allergy.



Physical examination

There was a palpable mass in the anterior sacral area, which was hard and slightly tender. No tenderness, rebound pain, muscle tension in the rest of the place. All other vital signs were stable, blood pressure was not high, and no positive signs were detected.



Laboratory examinations

The patient’s serum β2 microglobulin was 2.58mg/L at admission, which was higher than the normal value (0.7-1.8mg/L). Urinary β2 microglobulin 0.762 mg/L, higher than the normal value (&lt; 0.24mg/L) thymidine kinase (TK1)0.33pmol/L, still in the normal range. Serum CA125 was 10.58U/mL, and there was no obvious abnormality.



Imaging examinations

Because a hilar mass was showed after scanning the upper abdomen through CT, the patient was scheduled for further examination through contrast-enhanced ultrasound (Figure 1). The ultrasound examination on abdomen was performed using a Resona9 ultrasound system (Mindray Medical International, China) equipped with an SC6-1U (1-6 MHZ) transducer. Conventional ultrasound examination showed a hypoechoic mass in the hilar region, the size of the mass was 4.65x5.33x3.91cm, the boundary was clear, the shape was irregular, and CDFI could detect blood flow signals. Another nearly-circular hypoechoic mass was found in the spleen. The size of the mass was 4.96x4.74x5.19cm, the boundary was clear, and the blood flow signal could be detected by CDFI. Another hypoechoic mass was seen in the anterior sacral area, with a size of 5.84x5.20x4.68cm, located below the bifurcation of the abdominal aorta, with clear boundary and irregular shape. There was no adhesion with the surrounding intestine. Blood flow signals could be detected by CDFI. Further CEUS diagnosis was recommended by the patient’s physician and informed consent was obtained. Depth, gain, and focus are thoroughly adjusted to achieve optimal visualization according to the radiologist’s habits. The timer was activated after a high-dose injection of 1.5 mL of Sonovue (Bracco, Italy) suspension (an ultrasound contrast agent) and 5 mL of saline (Bracco, Italy). CEUS examination was performed on all three masses. After conducting contrast-enhanced ultrasound, it showed that the blood vessels were thickened at the edge of the tumor in the hilar region, which were enhanced earlier than the surrounding tissues. The tumor showed diffusing snowflake enhancement inside, and showed uneven hypoenhancement after reaching the peak (compared with the liver tissue), and was rapid wash-out compared to that of the liver tissue. The splenic mass showed a peripheral enhancement pattern to the center, with uneven hypoenhancement. The enhancement was later than that of the normal spleen tissue, and rapid wash-out compared to normal spleen. There was no significant change in the lesion range after CEUS compared with the two-dimensional ultrasound. In the presacral mass, the central vessels of the mass were enhanced first, and the enhancement began later than the peripheral tissues, with uneven hypoenhancement. And there were obvious filling defects, and the clearance was earlier than that of the peripheral tissues. The boundary between the three masses and surrounding tissues was obvious (Figure 2). The time-intensity curve (TIC) showed that the ascending slope of the lesion was higher than that of the surrounding tissue, although the lesion was delayed hypoperfusion, which also suggested that the lesion area had more blood vessels and less resistance. The clearance time of the lesion was significantly earlier than that of the surrounding tissue, which was consistent with the characteristics of malignancy. The three masses did not have the same pattern of enhancement, and there were obvious filling defect areas in the presacral mass, while the enhancement was more uniform in the hilar region and the splenic mass. Although the enhancement patterns of the three masses were different, they all showed rapid wash-out, which was consistent with the characteristics of malignant masses. Among them, the thickened vessels at the edge of the tumor in the hilar region were consistent with the CEUS features of lymphoma in previous studies (2). The CEUS pattern of splenic mass was basically consistent with the characteristics of nodular splenic infiltration of malignant lymphoma mentioned in the literature. The CEUS pattern of central vessel enhancement first in the presacral mass has not been confirmed in the literature in lymphoma, but considering that the patient had no medical history of other malignant tumors and considering homology with other masses. Finally, the patient was diagnosed lymphoma under the CEUS pattern combined with the patient’s medical history.




Figure 1 | (A) Through plain scan of the upper abdomen, it clearly showed the masses in the hilar region, but the masses in the spleen were not obvious. (B) Through contrast-enhanced CT, it could show the masses in the hilar region and splenic region, and the masses showed progressive and uneven enhancement. The hilar region nodules: plain scan 30HU arterial phase, 40HU portal vein phase, 52HU delayed phase, 65HU; spleen nodules: plain scan 35HU arterial phase, 46HU portal vein phase, 52HU delayed phase, 63HU; upper abdominal enhancement suggested: Further examination is recommended for hilar and splenic masses. (C, D) FDG metabolism of hilar mass, splenic mass and presacral mass on PET-CT increased, and finally PET-CT suggested that the three were homologous and had a high possibility of lymphoma.






Figure 2 | (A) The tumor in the hilar region showed thickened blood vessels, located at the edge of the tumor (indicated by the arrow), and was enhanced and cleared earlier than the surrounding tissue. (B) The splenic mass (shown by the arrow) showed a peripheral to central enhancement pattern with uneven hypoenhancement, which was enhanced later and cleared earlier than normal splenic tissue. (C) In the presacral mass (shown by the arrow), the central vessels of the mass were enhanced first, and the enhancement began later than the peripheral tissues, with uneven hypoenhancement, and there were obvious filling defects, and the clearance was earlier than the peripheral tissues.





Pathological findings and immunohistochemical staining

Puncture biopsy was performed on the patient’s anterior sacral mass, and 16G automatic puncture biopsy needle (Bard, America) was used. The final pathological results suggested non-Hodgkin B-cell lymphoma, diffuse large B-cell lymphoma, and non-germinal center origin. Immunohistochemical results showed that CD20, CD21, CD19 were positive, Ki-67>90%, Bcl-2>90%, Bcl-6>80%.



Results of flow cytometry

Through flow cytometry, the results showed double clonal B mature lymphocytes.




Final diagnosis

The final diagnosis of this case was intranodal type diffuse large B-cell lymphoma with splenic infiltration.



Treatment

The patient was diagnosed with diffuse large B-cell lymphoma and received R-CHOP chemotherapy, namely rituximab, dexamethasone, vincristine, epirubicin, and cyclophosphamide, for a course of 8 cycles. After 4 cycles of chemotherapy, abdominal enhanced CT examination showed that the size of the hilar lesion was about 2.96x2.11cm, the presacral mass was unclear, and the size of the splenic mass was about 2.79x3.04cm. After 5 cycles of chemotherapy, conventional ultrasound scan of the whole abdomen showed no definite lesions.



Discussion

Diffuse large B-cell lymphoma (DLBCL) is the most prevalent subtype of non-Hodgkin lymphoma. Patients usually presented with progressive lymphadenopathy, extranodal disease, or presented with the both, which require treatments (3). The definitive diagnosis of lymphoma clinically depends on the detailed examination of tumor tissue. In addition to morphological characteristics, the accurate classification of lymphoma also requires specialized tests, including immunohistochemistry, flow cytometry, fluorescence in situ hybridization (FISH) and molecular testing (4, 5). Positron Emission Tomography-Computed Tomography (PET-CT) was used to evaluate organ involvement and clinical staging (6). However, PET-CT is often limited by the high cost of examination and the high radiation dose. In recent years, many studies have focused on more accurate diagnosis of lymphoma by imaging methods, further differentiating from other space-occupying lesions and prognosis evaluation (7–9). Different treatments from the most malignant tumors together with the negative prognosis, the timely diagnosis of lymphoma becomes necessary.

CEUS has the advantages of convenience and easy operation. Contrast-enhanced ultrasound can display the changes of microcirculation perfusion in real time. At present, contrast-enhanced ultrasound has been widely used (10). CEUS is rarely reported in the diagnosis of lymphoma compared with other diseases. Many studies in the literature focus on the CEUS features and differential diagnostic efficacy of superficial lymph nodes (11–13). It is rare to study abdominal lymph nodes.

In this case, under the CEUS mode the distribution of microvessels presented by different masses was different. Thickened blood vessels appeared around the mass in the hepatic portal area, which became the first perfusion area of the tumor. It may be caused by surrounding blood vessels in the invasive growth process of the tumor. The volume of the pre-sacral mass was large, and the rapid growth rate led to the lack of blood supply in the tumor. Due to the above the filling defect inside the mass was found by contrast-enhanced ultrasound. Due to the different growth location and size, the microvascular distribution of each homologous tumor is slightly different.

Superficial lymph nodes are the most common site of lymphomas, especially those in the head and neck. Contrast-enhanced ultrasound can clearly show the distribution of blood vessels in lymph nodes, which makes the diagnosis of superficial lymph nodes more accurate (Table 1). The studies on CEUS diagnosis of superficial lymph nodes are more mature. The study of Shan-Shan Yin et al. suggested that the CEUS findings of lymphoma are significantly different from those of lymph node metastasis and reactive lymph nodes. Through CEUS findings of lymphoma, it can mostly be seen the diffusing and even enhancement, and rarely be seen the non-perfusion filling defect areas. Lymph node metastases usually presented with centripetal enhancement, and non-perfusion filling defect area is more common. Reactive hyperplastic lymph nodes presented with uniform hyperenhancement due to vascular hyperplasia, and lymph node tuberculosis presented with unclear lymph node boundary (11). Much of the literature comes to similar conclusions (14–16). This may be related to angiogenesis and vascular distribution in the lesion. Due to the rapid growth rate of malignant metastases, immature neovascularization and non-vascular necrotic areas are common in metastatic lymph nodes, which hinders the distribution of contrast agent to these areas then leads to perfusion defects. In most lymphomas, blood vessels are highly hyperplastic, which makes the microvesicles of contrast agent easy to flow and rapidly distribute throughout the lesion, resulting in more uniform enhancement (16). Although the features of contrast-enhanced ultrasound in lymphoma have been unanimously agreed in many literatures, there are still some exceptions. In the study, Ming Yu et al. reported 6 cases of lymphoma without perfusion (17). Due to the uncertainty in the qualitative manifestations of contrast-enhanced ultrasound in lymphoma, literature studies have made focus on the quantitative analysis of contrast-enhanced ultrasound. Shan-shan Yin et al. also analyzed the arrival time parameters of contrast media and found that compared with lymphoma, the contrast had arrived earlier in metastatic cancer but spent longer to the center (11). Xiaoyan Niu et al. suggested that quantitative indicators of CEUS were correlated with PET-CT indicators, which had potential diagnostic value for lymphoma (18). CEUS has a high diagnostic value in the diagnosis of benign and malignant superficial lymph nodes, which has been confirmed by studies. However, CEUS still manifested similarities in lymph nodes with different pathologies, and the treatment of lymph node diseases is completely different. Therefore, more studies are devoted to further explore the more accurate diagnosis of lymphoma by CEUS. Liu SR et al. injected subcapsular contrast injection and observed that lymph nodes of lymphoma patients had lymphatic vessel distortion and uneven distribution of contrast agent, which was completely different from reactive proliferative lymph nodes with uniform distribution of contrast agent and lymph node metastasis with local concentration of contrast agent and lymphatic vessel rupture (19). Compared with intravenous contrast medium injection, subcapsular contrast medium injection has a better effect in identifying the types of lymph nodes, it requires higher technical requirements for the operator. Thus, this kind of injection cannot be popularized wider. The prognosis of different subtypes of lymphoma varies greatly. According to the growth pattern and prognosis of lymphoma, it can be divided into aggressive lymphoma and indolent lymphoma. Studies suggest that the contrast-enhanced ultrasonography of indolent lymphoma is more similar to that of reactive proliferative lymph nodes, presenting rapid uniform hyperenhancement (13). The later the stage, the more aggressive and malignant the lymphoma, the richer the blood vessels in the tumor, the higher the blood flow velocity, and the higher the RI. The difference of ΔT and AS between early and advanced lymphomas was statistically significant, suggesting that advanced lymphomas had abundant blood flow at the CEUS quantitative level (20). However, there was no significant difference in contrast-enhanced ultrasound performance between HL and NHL. Further analysis of the various subtypes of lymphoma by contrast-enhanced ultrasound is not available. Studies suggest that contrast-enhanced ultrasound has a high application value in evaluating the response of lymphoma to drugs after chemotherapy, and it can accurately respond to changes in the blood supply of the lesion after chemotherapy. For the lesions that responded to chemotherapy, the area under the curve of CEUS quantitative analysis before and after chemotherapy showed statistically significant difference in perfusion index (PI) (21). in the study of M. Kumagawa et al., peak enhancement (PE) and PI are considered to be the effective indicators for evaluating whether a patient has achieved a complete response after chemotherapy (22). The prediction of lesion response after chemotherapy can quickly make clear the next treatment plan of patients more quickly.


Table 1 | Contrast-enhanced ultrasound characteristics of superficial lymph node lymphoma reported in the literature.



CEUS is relatively rare in the diagnosis of lymphomas in extranodal organs (Table 2). Through CEUS, it can well reflect the blood supply of the lesion and the distribution of microvessels, and has a good diagnostic efficiency for the differentiation of lymphoma from benign nodules of spleen (23–25). Lymphoma of the spleen is more common in secondary lymphoma invasion and formation, but primary lymphoma is rare to be seen. The findings of primary splenic lymphoma are similar to those of secondary CEUS, with early isoenhancement and early regression (26, 27). Other malignant tumors of the spleen are rare to be seen, and the differentiation of splenic lymphoma from other malignant tumors has not been reported. Christian Gorg et al. believe that CEUS has no added value in the diagnosis of splenic involvement in lymphoma and cannot improve the diagnostic accuracy of conventional ultrasound for splenic involvement (28). CEUS has been used to identify space-occupying lesions of the liver. Intrahepatic lymphoma, as an uncommon intrahepatic malignant tumor, is less common than other malignant tumors. Similar to the spleen, liver lymphomas secondary to intra nodal lymphomas is usually to be seen, primary liver lymphomas are rare. Primary liver lymphoma is often associated with HBV and HCV virus infections. HBV infection-related MALT was more common in primary liver lymphoma (29). More studies are needed to determine whether viral infection affects the progression of liver lymphoma. Color Doppler ultrasound often shows multiple vascular channels in malignant liver lymphoma, which is called “vascular penetration sign”. Contrast-enhanced blood vessels were first observed in the arterial phase of CEUS, and there were still angiograms in the Kupffer phase. This feature is significantly different from the typical contrast-enhanced ultrasound findings of other liver malignant tumors. However, liver malignant lymphoma also has rich blood supply CEUS findings that are not similar to other malignant tumors and cannot be differentiated from other diseases (30, 31). C. Trenker et al. also concluded that the differential diagnosis of hepatic malignant lymphoma from other malignant tumors could not be completed by CEUS in their study of CEUS findings in 38 cases of lymphoma (32). The renal lymphoma was mainly nodular type. It presented mostly hypoenhancement or isoenhancement in the arterial phase and hypoenhancement in the parenchymal phase through CEUS. Contrast-enhanced ultrasound has certain value in the differential diagnosis of renal lymphoma and benign nodules (33). The findings of CEUS in lymphoma with extranodal organ invasion are relatively uniform, and there is little difference between different extranodal organs. There are also extranodal organs with specificity through CEUS, and the literature studies are mainly based on case reports. One case serially reported the contrast-enhanced ultrasound findings of 6 cases of intrapulmonary lymphoma. 83% of the lymphomas were mainly supplied by pulmonary artery, which was not consistent with the findings of other pulmonary malignancies (34). There is a correlation between thyroid lymphoma and nodular Hashimoto’s thyroiditis. Lulu Yang et al. found that the combination of CEUS features and quantitative indicators has a good diagnostic efficacy in differentiating thyroid lymphoma from nodular Hashimoto’s thyroiditis (35), However, more studies are needed to confirm whether it can be widely used in clinical practice. Primary testicular lymphoma is rare, and it is difficult to distinguish lymphoma from other testicular lesions by conventional two-dimensional ultrasound or color Doppler. Literature studies have suggested that testicular lymphoma is mostly characterized by rapid high-enhancement contrast-enhanced ultrasound, which is more extensive than gray-scale ultrasound. An 80% increase in blood flow shows a straight vessel pattern with nonbranched increased vascular hyperplasia (36, 37). Most of the studies related to the diagnosis of extranodal organ lymphoma by CEUS are limited to the differentiation of other space-occupying lesions from benign or malignant. However, it seems that it is still difficult to distinguish lymphoma from other malignant tumors by CEUS. Contrast-enhanced ultrasound does not appear to contribute to the diagnosis of extranodal lymphoma subtypes.


Table 2 | Contrast-enhanced ultrasound characteristics of lymphoma involving extranodal organs reported in the literature.



The value of CEUS in the diagnosis and prognostic assessment of superficial intra nodal lymphoma has been validated. However, its diagnostic value for lymphoma with extranodal organ invasion seems to need further research and verification.



Conclusion

CEUS findings of this case of intraperitoneal nodular lymphoma showed hypoperfusion in the early stage of enhancement compared with the delayed perfusion of surrounding tissues, and rapid clearance. The pattern of lesion initiation enhancement is varied. To the best of our knowledge, this report is the first to describe CEUS findings of intraperitoneal nodal lymphoma. CEUS is rarely used in the diagnosis of lymphoma compared with other diseases. The value of CEUS for intraperitoneal nodal lymphoma still needs to be confirmed by subsequent studies.
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We report a rare case of primary nodal, poorly differentiated endometrioid carcinoma associated with Lynch syndrome. A 29-year-old female patient was referred by her general gynecologist for further imaging with suspected right-sided ovarian endometrioid cyst. Ultrasound examination by an expert gynecological sonographer at tertiary center revealed unremarkable findings in the abdomen and pelvis apart from three iliac lymph nodes showing signs of malignant infiltration in the right obturator fossa and two lesions in the 4b segment of the liver. During the same appointment ultrasound guided tru-cut biopsy was performed to differentiate hematological malignancy from carcinomatous lymph node infiltration. Based on the histological findings of endometrioid carcinoma from lymph node biopsy, primary debulking surgery including hysterectomy and salpingo-oophorectomy was performed. Endometrioid carcinoma was confirmed only in the three lymph nodes suspected on the expert scan and primary nodal origin of endometroid carcinoma developed from ectopic Müllerian tissue was considered. As a part of the pathological examination immunohistochemistry analysis for mismatch repair protein (MMR) expression was done. The findings of deficient mismatch repair proteins (dMMR) led to additional genetic testing, which revealed deletion of the entire EPCAM gene up to exon 1-8 of the MSH2 gene. This was unexpected considering her insignificant family history of cancer. We discuss the diagnostic work-up for patients presenting with metastatic lymph node infiltration by cancer of unknown primary and possible reasons for malignant lymph node transformation associated with Lynch syndrome.
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1 Introduction

Patients with malignant infiltration of lymph nodes and negative history of malignancy represent a diagnostic challenge. The infiltration of lymph nodes can be related to metastases of cancer of unknown primary site (CUP) (1), lymphoproliferation (2), melanomas (3, 4), and others. There are also rare cases of carcinomas arising primarily from lymph nodes, associated with malignant transformation of ectopic epithelial tissue, such as carcinoma arising in endosalpingeosis (5).

CUP accounts for approximately 3–5% of all malignant neoplasms (6). It represents a heterogeneous group of metastatic tumors for which no primary site is detected following a full diagnostic work-up and in 30% of all CUP patients even at autopsy (6). More than 50% of CUP patients present with multiple sites of involvement, and the single site CUP are most commonly in the liver, lymph nodes, peritoneum, lungs, bones, and brain (6). Although iliac lymph node metastases are usually related to gynecological cancers (uterine cervix, endometrium, the tubes, and ovaries) or colorectal cancer, their involvement with unknown primary cancer in women is rare (7).

There are recommendations available regarding the diagnosis, treatment, and follow-up of CUP (8, 9). Primary tumor can be anticipated based on the regional drainage of the infiltrated lymph node(s). Obtaining histology from the infiltrated lymph nodes using tru-cut biopsy or fine-needle aspiration (FNA) can be done under ultrasound guidance. These initial steps help direct search for primary tumor and choose appropriate treatment strategy (7, 10–14). The recommended whole-body imaging for targeted search for primary source of tumor dissemination is positron emission tomography combined with computed tomography (PET-CT) or whole-body diffusion-weighted magnetic resonance imaging (15, 16). The addition of a more extended tumor marker profile can also be considered (16).

Less likely, de novo primary nodal malignant transformation has been reported in literature associated with malignant transformation of ectopic epithelial tissue, such as serous carcinoma arising in endosalpingeosis, for example, a case of a serous borderline tumor or a high-grade serous carcinoma within an inguinal lymph node without known primary tumor (17, 18).

The occurrence of carcinoma in younger patients can be associated with hereditary syndromes characterized by germline mutation with higher risk of cancer development. A possible source of endometrioid carcinoma, which can be associated with Lynch or Cowden syndrome, can be the uterus or ovary, or endometriosis in any localization (19). Hereditary breast and ovarian cancer (HBOC) syndrome is associated with no or low risk of endometrial cancer, however, of different histotype, mainly endometrial serous carcinoma (20, 21). Lynch syndrome is an autosomal dominant disorder caused by a germline mutation in one of several DNA mismatch repair (MMR) genes (mostly MSH2, MLH1, MSH6, and PMS2), and it is not only the most common cause of inherited colorectal cancer but it also accounts for approximately 3% of endometrial cancer (mainly endometrioid carcinoma often located in the lower uterine segment) (22–25). Atypical manifestations related to Lynch syndrome were also described in literature, as Lynch syndrome–associated squamous cell CUP in retroperitoneal lymph node (26) and primary peritoneal endometrioid carcinoma after prophylactic gynecological surgery (27). There was also a case of an incidental endometrioid carcinoma of unknown primary isolated in the external iliac lymph nodes at risk reducing hysterectomy and bilateral salpingo-oophorectomy in a Lynch syndrome carrier with no history other than previous hyperplastic polyp (28).

We describe a rare case of a 29-year-old female patient presenting with infiltrated lymph nodes in the right obturator fossa with no visible primary source.



2 Case summary

A 29-year-old patient was referred for an expert ultrasound examination to gynecologic oncology center for hypoechogenic round lesion, presumed endometrioma. The patient did not have any symptoms suggestive of endometriosis. Apart from two Caesarean sections and tonsillectomy, her surgical history was unremarkable. She suffered from multiple sclerosis treated with immunosuppressive therapy (Interferon β) and bicuspid aortal valve. Her grandmother died the aged of 50 of pancreatic cancer, and her great grandfather succumbed to colorectal cancer at unknown age.

Ultrasound examination performed at gynecologic oncology center by experienced sonographer revealed normal gynecologic findings of the uterus and adnexa, smooth peritoneum, small amount of free fluid, and neither adhesions in the pelvis nor other signs related to endometriosis (
Figure 1
). Lateral to the right ovary, there were three bulky lymph nodes detected in the right obturator fossa, which were misinterpreted by the referring physician as endometrioma (
Figure 2
 and 
Videoclip 1
). Systematic ultrasound examination of pelvic and abdominal lymph nodes revealed no other suspicious lymph nodes in the retroperitoneum or groins. Expert sonographer detected two inhomogeneous lesions of 24 and 25 mm in the segment 4b of liver parenchyma, considered to be metastatic spread on gray scale ultrasound (
Supplementary Figure S1
 and 
Videoclip 2
). During the same visit, ultrasound-guided tru-cut biopsy of infiltrated lymph nodes was performed. To briefly describe ultrasound-guided tru-cut biopsy using a transvaginal approach, no patient preparation, fasting, or routine administration of analgesics or antibiotics is required for this minimally invasive approach in the outpatient setting (
Supplementary Figure S2
 and 
Videoclip 3
). The entire procedure is performed with the patient in the lithotomy position. The sonographer selects a safe site for biopsy from a lesion that is not necrotic or cystic, so that an adequate sample can be obtained for histologic analysis and immunohistochemical evaluation. After ruling out possible contraindications (in particular the use of anticoagulant drugs) and to ensure the safety of the procedure, a needle guide attached to the probe is used; a disposable needle (30 cm/18 Gauge) is inserted into the automated biopsy device, then the needle is inserted into the needle guide and the needle tip is inserted through the vaginal wall into the pelvis in close proximity to the infiltrating lymph nodes and aligned with the lesion. A penetration depth between 15 and 22 mm is selected, and the procedure is performed with continuous monitoring of patient comfort and needle position on the ultrasound machine monitor. Collection of two to three core samples allows for better adequacy and accuracy of histological analysis. The procedure takes several minutes. After biopsy, the biopsy site is checked for internal bleeding (“fountain sign”), and the intensity of the external per vaginal bleeding is checked. The patient is instructed and discharged home. The result of the histopathological examination is available within 72h (7, 10, 12).




Figure 1 | 
Transvaginal ultrasound evaluation of uterus and adnexa. Uniform endometrium (A) and right and left ovaries of normal appearance (B, C).







Figure 2 | 
Ultrasound and power Doppler imaging of infiltrated lymph nodes in the right obturator fossa. Transvaginal ultrasound imaging demonstrates three bulky lymph nodes: first iliac lymph node (29 × 26 × 31 mm) infiltrated by tumor nodules located in the close proximity to the right ovary (arrow) (A) with visible transcapsular vessels penetrating the lymph node from the outside (arrows) and ring-shaped vessels marked with white circles (D). Second iliac lymph node (25 × 13 × 21 mm) was lateral to the first one, infiltrating the pelvic side wall and internal iliac vessels up to the interiliac bifurcation with infiltration of the external iliac vein (B), this lymph node was less vascularized on color Doppler images (E). Third infiltrated node (26 × 13 × 30 mm) was located deeper in the pelvis, near the right lateral parametrium (C), with transcapsular vessels on color Doppler image (F) See also 
Videoclip 1
.




In addition to the collection of the biopsy, a tumor marker profile was obtained during the same appointment and additional imaging tests were scheduled. Tumor marker profile included cancer antigen 125 (CA 125), carcinoembryonic antigen (CEA), cancer antigen 19-9 (CA 19-9), cancer antigen 15-3 (CA 15-3), and cytokeratine fraction 21-1 (CYFRA 21-1).The PET-CT was chosen for targeted search of primary tumor. Magnetic resonance imaging of the liver was added for closer characterization of liver lesions and their potential resectability.

Results were presented to the multidisciplinary team. Tumor markers CA 125, CEA, CA 19-9, CA15-3, and CYFRA 21-1 were in normal range. The PET-CT showed metabolic accumulation of 18F-fluorodeoxyglucose (18F-FDG) in the right obturator fossa (
Figure 3
) but no other metabolically active lesions in the body including the liver (
Supplementary Figure S1
). On MRI, the liver lesions showed enhancement in the early stage with persistence to late stage suggesting the lesions to be more likely adenoma or focal nodular hyperplasia (
Supplementary Figure S1
). Tru-cut biopsy revealed a poorly differentiated tumor composed of solid sheets of polygonal eosinophilic cells with marked nuclear pleomorphism, conspicuous mitotic activity, and necrotic areas (
Supplementary Figure S3
).




Figure 3 | 
Axial fused PET-CT showed increased accumulation of 18F-FDG in the bulky iliac lymph nodes on the right obturator fossa of up to 36 × 25 mm (A, C), morphologic images from CECT demonstrating enlarged nodes in the right obturator fossa (white arrows) (B, D). PET-CT (positron emission tomography combined with computed tomography), CECT (contrast enhanced computed tomography), and 18F-FDG (18F- fluorodeoxyglucose).




Immunohistochemically, the tumor cells showed positive expression of PAX8 and CK7, loss of expression of PTEN, ARID1A, and p53 wild-type expression. This immunoprofile suggested Müllerian differentiation favoring endometrioid or clear cell carcinoma, since loss of PTEN and ARID1A is found in 40 and 50% of these cases (29). The markers used for distinction between endometrioid and clear cell carcinoma showed ambiguous results. HNF1β was mostly weakly to moderately positive (strong positivity is more typical for clear cell carcinomas). In 
Supplementary Figure S4
, positive expression of CK7 and HNF1β were demonstrated. Napsin A, which is used as another marker of clear cell carcinoma with intermediate sensitivity, was negative. On the other hand, ER and PR were negative, which favor a diagnosis of clear cell carcinoma (30). In addition, WT1 showed negativity as a marker used to rule out the derivation from adnexal serous carcinoma. The morphology and immunophenotype of the tumor were not quite characteristic for either clear cell or endometroid carcinoma. However, due to the immunohistochemical findings, the first differential diagnosis was poorly differentiated endometrioid carcinoma and second possibility was eosinophilic variant of clear cell carcinoma. Due to the absence of primary origin of invasive carcinoma on the imaging (including PET-CT), we considered either a primarily nodal tumour arising from endometriosis or occult spread from another source (e.g. from the endometrium or ovary).

Since the patient’s reproductive plan was complete and the possibility of fertility preservation was not considered, the treatment plan would not have differed if additional biopsy specimens, such as endometrial biopsy, had been performed before definitive surgery. Surgical treatment including hysterectomy and bilateral salpingo-oophorectomy with extirpation of the infiltrating lymph nodes and systemic dissection of the pelvic and paraaortic lymph nodes was chosen.

Intraoperative assessment revealed no suspicious findings except the enlarged lymph nodes in the right obturator fossa. These were infiltrating the right pelvic side wall, including right internal iliac vessels and partially external iliac right vein, psoas muscle as well as S2–S3 rami of the lumbosacral plexus. The extent of the infiltration was not evident in any preoperative imaging assessment. Therefore, the senior surgeon was requested to join the intervention, and a laterally extended endopelvic resection was performed on the right side, including resection of the internal iliac vein, partial resection of the external iliac vein, psoas muscle, periostium of the pubic bone, and S2–S3 rami (divisions) of the lumbosacral plexus. Total abdominal hysterectomy with bilateral salpingoophorectomy, pelvic, and paraaortic lymph node dissection were carried out with no visible residual tumor left at the end of surgery.

Histological evaluation of the final specimen from the uterus and adnexa did not reveal any cancer, and all 36 lymph nodes removed during the dissection did not show malignant cells. The three infiltrated lymph nodes in the right obturator fossa were confirmed to have extensive involvement by poorly differentiated cancer (
Figure 4
) with loss of MSH2 and MSH6 protein expression. There were no signs of endometriosis in the affected lymph nodes (e.g., neither hemosiderin nor signs of active bleeding).




Figure 4 | 
Ultrasound and final histological demonstration of infiltrated lymph node. Non-infiltrated residual cortex on the ultrasound and histological imaging of lymph node marked with yellow circles (A, B), with intranodal involvement due to solid sheets of poorly differentiated extensively necrotic carcinoma marked with white circles on specimen (B) and white asterisks on ultrasound images (C, E) and on the specimen (D); on Power Doppler imaging infiltrated nodules reveal a ring-shaped vascularization (yellow circles) in (E); arrows indicate intact lymph node capsule (F). See also 
Videoclip 4
.




Based on the finding of deficient mismatch repair proteins (dMMR), which is indicative of genetic disorders and Lynch syndrome in particular (31), genetic testing was recommended. This revealed an inherited deletion of the entire EPCAM gene up to exon 1-8 of the MSH2 gene corresponding to Lynch syndrome. Patient underwent adjuvant combined chemotherapy consisting of paclitaxel and carboplatin (six cycles). As expected, after the resection of the right iliac veins, the patient developed transient lymphoedema of the right leg, which resolved spontaneously within a few weeks. No neurological sequelae were reported, as the integrity of the ventral part of the lumbosacral plexus was preserved. For the first 5 years, follow-up is planned to be in our gynecological oncology center with physical examination and pelvic and abdominal ultrasound imaging (controls every 3 months for the first 2 years; every 4 months in the third year; every 6 months for the fourth and fifth years). After the fifth year, yearly controls with a general gynecologist based on the patients individual surveillance plan. In addition, patient surveillance for lifetime risk of Lynch syndrome-associated colorectal cancer (30-73%) and gastric cancer (up to 18%) will be provided at a specialised centre for hereditary cancer syndromes, including annual colonoscopy and gastroduodenoscopy every 3 years (32).

Informed consent was obtained from the patient for publication of this article.



3 Discussion

This is the first case of nodal malignancy without evident gynecological or relevant medical history, documenting a young patient journey from the incidental finding of enlarged lymph nodes in the right obturator fossa to the diagnosis of a primary nodal, poorly differentiated endometrioid carcinoma after extensive diagnostic work-up and surgery. Patient is in complete clinical remission after 36 months postoperatively (
Supplementary Figure 5
).

In the diagnostic approach to lymphadenopathy, a vast array of diseases and drugs ought to be considered. The prevalence of nodal malignancy is approximately 0.4% in young population and 4% in adults (33). The region of the metastatic lymph nodes and its area of drainage can often be used to guide us toward a potential location of the pathology. Current evidence on evaluation and differential diagnosis of metastatic lymph nodes recommends a thorough medical history and physical examination as well as systematic work-up including biopsy of the most suspicious lymph node/-s, tumor marker profile,  imaging, and other tests as appropriate (33). In this case, the young female patient had no relevant medical history besides multiple sclerosis treated with interferon-β. Her family history showed insignificant oncologic risk and her physical examination was unremarkable.

Ultrasound imaging offers high resolution of the pelvis with the endovaginal probe, permitting above else a meticulous scanning of the pelvic lymph node morphological and vascular architecture. This allows an accurate differentiation between benign and malignant transformations of lymph nodes with the possibility to perform ultrasound-guided biopsy (7, 10, 11). The Vulvar International Tumor Analysis (VITA) consensus opinion provides a guide for standardized assessment and description of lymph nodes using ultrasound (34). In this case, the expert sonographer identified three enlarged lymph nodes in the right obturator fossa with sonographic features of malignant changes such as subcapsular such as subcapsular tumor nodules contrasting against the residual non-infiltrated lymphoid tissue. The color Doppler demonstrated ring-shaped vessels around the subcapsular tumor nodules as well as transcapsular flow (
Figures 2
, 
4
 and 
Videoclips 1
, 
4
). In addition, two suspicious intraparenchymal liver lesions were described on the ultrasound (
Supplementary Figure S1
 and 
Videoclip 2
). An alternative technique to evaluate lymph node is PET-CT, which provides not only metabolic information but also a systemic staging. PET-CT confirmed the ultrasound findings showing high metabolism rate in the pelvic nodes but no enhanced metabolic activity in the hepatic lesions neither showed a possible primary tumor site.

To differentiate lymphoproliferative disease from secondary cancer metastases and to direct us to the possible primary source, tru-cut biopsy was performed, enabling a histologic diagnosis with high accuracy. In this case, poorly differentiated carcinoma was found in the lymph nodes with immunoprofile, suggesting endometrioid carcinoma differentiation. After an extensive histological examination of the specimen from hysterectomy and bilateral salpingo-oophorectomy, the primary source of tumor spread from uterus or adnexa was excluded and only nodal infiltration by endometrioid carcinoma was confirmed. Due to the result of histopathology and the young age, we have included MMR analysis to exclude Lynch syndrome. In tumor cells MLH1, PMS2 expression was retained in nuclei whereas MSH2 and MSH6 expression was lost, suggesting microsatellite instability (MSI, dMMR). These findings were highly suspicious of Lynch syndrome. Genetic testing was performed, which confirmed patient was a Lynch syndrome carrier of EPCAM gene deletion up to exon 1-8 of the MSH2 gene. Lynch syndrome is inherited via a pathogenic germline variant in one of the four mismatch repair (MMR) genes MLH1, MSH2, MSH6, and PMS2. A second somatic hit affecting the remaining functional allele of the same MMR gene leads to DNA MMR deficiency. Thus, MMR deficiency is a major driving force in Lynch syndrome carcinogenesis.

Given the negative findings from hysterectomy and bilateral salpingo-oophorectomy, we considered primary malignant transformation of ectopic Müllerian tissue inside the lymph node. Regarding primary nodal malignant infiltration, to our knowledge, there are only a few case reports of Lynch syndrome–associated carcinoma with retroperitoneal lymph node infiltration (26, 28). Most similar case was reported by Koual et al. (28) on a 50-year-old patient with Lynch syndrome with previous history of a hyperplastic polyp who underwent prophylactic hysterectomy and bilateral salpingo-oophorectomy. During the surgery a nodule in the broad ligament was excised, revealing a nodal endometrioid adenocarcinoma within the pelvic lymph nodes, with no evident primary tumor (28).

Our case report represents the first case of nodal malignancy without evident gynecological pathology even after extensive work-up and with no possible link in the past history, unlike the Koual’s case where the endometrial hyperplasia may have caused a possible spillage or spread of undetected malignant cells in the lymph nodes.

Our case is also unique compared with the published literature in regard to the patient’s young age, absence of uterine abnormality, and the absence of a suspicious family history. We can hypothesize that the most likely origin was a primary infiltration from ectopic epithelial Müllerian tissue, which underwent malignant transformation. This could have happened by a possible spillage of endometrial tissue during the previous C-section or by the spread of occult endometriosis/endosalpingiosis reaching the hilum of the lymph nodes and/or the afferent lymphatic vessels. In this presented case, immunosuppression, due to inferferon-β therapy combined with genetic genotype, may have also amplified the cancerogenic cascade.



4 Conclusions

This is a rare case of a primary nodal poorly differentiated endometrioid carcinoma associated with Lynch syndrome. Ultrasound guided tru-cut biopsy of the suspected lymph node is essential for planning appropriate management. Immunohistochemical evaluation of MMR protein expression may help to detect Lynch syndrome-associated endometrioid carcinoma, allowing regular surveillance and immune checkpoint-based treatment options.
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Supplementary Figure 1 | 
Hepatic focal lesions. Ultrasound imaging demonstrates two inhomogeneous mostly hyperechoic lesions of 25 mm in the S4b segment of liver (A); CECT shows hyperdense formation up to 25 mm in the S4b (arrow) without increased accumulation of 18F-FDG (B); on MRI T2 weighted images with fat saturation, the lesions showed slightly hypointense deposits (arrow) (C); and on the dynamic contrast sequence T1 weighted images with fat saturation, the lesions showed dynamic contrast enhancement in early and late phases (arrows) (D). CECT (contrast enhanced computed tomography), 18F-FDG (18F-fluorodeoxyglucose), and MRI (magnetic resonance imaging). Ultrasound findings are also presented in 
Videoclip 2
.


Supplementary Figure 2 | 
Transvaginal tru-cut biopsy technique. In this case the needle penetration depth on the automated biopsy gun was chosen to be 15 mm due to the proximity of the large vessels (A), the biopsy needle is inserted into a needle guide placed on the transvaginal probe; the guide fixes and determines the possible movement of the needle (B); the stylet and cannula move automatically during the biopsy to avoid fragmentation of the sample; the end of the stylet penetrates the tissue, immediately behind it, there is a notch for biopsy sample collection, which is cut through the cannula (C); the tip of the biopsy needle penetrating the target lesion is monitored on an ultrasound monitor during the biopsy (D); and an 18G needle with a length of 30 cm was chosen for the transvaginal approach (E). See also 
Videoclip 3
.


Supplementary Figure 3 | 
Morphological assessment of tru-cut biopsy sample. Non-fragmented core obtained from tru-cut biopsy (length 15 mm, width after fixation 1.2 mm) (A), solid sheets of polygonal eosinophilic cells (B).


Supplementary Figure 4 | 
Immunoprofile of the tru-cut biopsy sample showed immunohistochemical positivity of cytokeratin 7 (CK7) (A) and of hepatocyte nuclear factor 1-beta (HNF1β) (B).


Supplementary Figure 5 | 
Timeline reporting the patient’s journey from diagnosis to final diagnosis, treatment, and follow-up.


Supplementary Video 1 | 
Three bulky infiltrated lymph nodes can be identified in the right obturator fossa. In the first lymph node, a transcapsular flow and ring-shaped vessels can be seen with color Doppler imaging.


Supplementary Video 2 | 
Ultrasound imaging showing hepatic focal lesions: Two inhomogeneous mostly hyperechoic lesions of 25 mm can be identified in the S4b segment of liver.


Supplementary Video 3 | 
With real-time ultrasound monitoring, the needle tip can be seen to penetrate the target lesion and collect the biopsy as a hyperechogenic line. A total of three samples were taken.


Supplementary Video 4 | 
Ultrasound imaging and histopathology showing residual non-infiltrated lymph node cortex (dashed yellow circles). The yellow filled circles on the ultrasound image and the arrows on the histopathology image show nodular tumor changes within the lymph node; in addition, the white dashed circle in the middle of specimen indicates necrotic changes within the tumor nodule. 
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Congenital portosystemic shunts (CPSS) are rare vascular anomalies that cause abnormal communications between the portal and systemic venous systems and may be incidentally detected on imaging or via abnormal laboratory parameters due to the lack of specificity in the condition’s clinical presentation. Ultrasound (US) is a common tool for examining abdominal solid organs and vessels and is the initial imaging modality for diagnosing CPSS. Here we report the case of an 8-year-old Chinese boy with CPSS diagnosed using color Doppler US. Doppler US first found intrahepatic tumor, then revealed that the left portal vein was directly communicating with the inferior vena cava, and the boy was finally diagnosed with intrahepatic portosystemic shunts. Interventional therapy was employed to occlude the shunt. During the follow-up, the intrahepatic tumor disappeared and no complications. Hence, to be able to differentiate such vascular anomalies, clinicians should be fairly acquainted with the normal ultrasonographic anatomical features in daily clinical work. Furthermore, increased disease awareness and advances in imaging equipment and technology are essential for CPSS diagnosis.
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1 Introduction

Congenital portosystemic shunts (CPSS) are an abnormal connection between portal veins (PV) and systemic veins, resulting in varying degrees of portal blood flow diversion directed away from the liver to the systemic circulation. It may occur due to incomplete vascular remodeling between the embryonic and fetal hepatic and perihepatic circulations during fetal development (1, 2). The prevalence in neonates is approximately 1 in 30,000–50,000 (3). CPSS may present with various symptoms, including hepatic multiple tumors, galactosemia, neonatal cholestasis, abnormal liver function, hepatic encephalopathy (HE), among others (3, 4).

Color Doppler ultrasound (US) is the first imaging modality of choice for detecting CPSS and can demonstrate PV waveform, vascular shunts, thrombosis as well as intrahepatic nodules and other related complications (2, 5). Early diagnosis using Doppler US allows the prompt management of potentially life-threatening manifestations, ultimately improving the outcome in these patients (3). This report aimed to describe the case of a patient with CPSS with multiple hepatic tumors diagnosed using color Doppler US in Hangzhou Red Cross Hospital as well as the clinical progress from initial diagnosis to treatment improvement.




2 Case description

An 8-year-old Chinese boy visited our hospital and presented with emaciation without symptoms. He was previously healthy without known medical conditions.

Abdominal US examination revealed multiple hepatic nodules with a maximum size of 4.0 × 3.1 cm (Figure 1A), clear boundary, and non-uniform internal echo, leading to local inferior vena cava (IVC) compression. The following notable findings were reported: the left PV (LPV) directly communicated with IVC (1.2 cm in diameter); color Doppler US confirmed the PV flow toward IVC (Figure 1B), the flow velocity in the shunt was 98 cm/s (Figure 1C), the right PV (RPV) was not shown, and no abnormal echo was observed in IVC; and splenomegaly (2 cm below the ribs). The rest of the abdominal organs showed no abnormal findings, and the abdominal cavity had no effusion. The patient was believed to have ectopic PV drainage (PV communicating with IVC), with unknown nature of multiple nodules. We recommended that the patient should undergo an additional abdominal contrast-enhanced computed tomography (CT) and digital subtraction angiography (DSA) to better understand this anatomic anomaly and clarify the nature of the nodule.




Figure 1 | Abdominal ultrasound and contrast-enhanced computed tomography (CT) were performed before interventional therapy. (A) Grayscale indicates the largest hepatic nodule (arrows) with clear boundary and inferior vena cava (IVC) compression; (B) left portal vein directly communicated with IVC (arrows); (C) color Doppler ultrasound image confirmed PV flow toward IVC, with a flow velocity of 98 cm/s in the shunt; (D) contrast-enhanced CT showed the presence of direct communication between PV and IVC (arrows).



Laboratory tests showed the total bilirubin (TB; 40.6 μmol/L; reference range: 1.7–25.0 μmol/L), direct bilirubin (DB; 13.2 μmol/L; reference range: 0.0–7.1 μmol/L), indirect bilirubin (27.4 μmol/L; reference range: 1.7–19.0 μmol/L), alanine aminotransferase (ALT) (68 U/L; reference range: 3–50 U/L), aspartate aminotransferase (59 U/L; reference range 8–40 U/L), alkaline phosphatase (296 U/L; reference range: 20–145 U/L), and glutamyl transpeptidase (233 U/L; reference range: 3–40 U/L) levels. Prothrombin time (PT) extended to 28.5 s (reference range: 12.0–14.8 s) and the prothrombin activity (PTA) was 28.0% (reference range: 80.0–120.0%). Furthermore, the blood ammonia level increased to 80 µmol/L (reference range: 10.0–47.0 µmol/L) without any evidence of HE.

Based on the abovementioned findings and personal preference, he was admitted to Children’s Hospital, Zhejiang University School of Medicine to perform contrast-enhanced CT, which confirmed the presence of direct communication between PV and IVC (Figure 1D). Contrast-enhanced CT revealed the presence of hepatic nodules, which were misinterpreted as hemangiomas.

Subsequently, he was hospitalized in several hospitals in Shanghai, where lung CT, electrocardiogram, tumor marker (alpha fetoprotein, carcinoembryonic antigen, and carbohydrate antigen 199) levels, hepatitis B antigen–antibody, and cranial magnetic resonance imaging (MRI) showed normal results. Hepatic nodule puncture was performed (three puncture tissues at the center and edge of hepatic nodules were collected), with a pathological diagnosis of focal nodular hyperplasia (FNH) or nodular regenerative hyperplasia (NRH). DSA revealed hepatic vascular malformation, LPV was closely associated with IVC, and RPV was not clearly visualized. He was finally diagnosed with intrahepatic portosystemic shunts (IPSS), and interventional therapy was used to occlude the shunt.

The patient visited our hospital 6 months after the shunt closure. Abdominal US revealed the complete disappearance of multiple FNH/NRH (Figure 2A), and the diameter of LPV was 1.3 cm, with a hyperechoic area of 2.1 × 1.3 cm between LPV and IVC (Figure 2B). Subsequent CT examination confirmed that this hyperechoic area was a metal occluder placed after the interventional therapy. Color Doppler US showed bidirectional venous waves in the intraportal spectrum (Figure 2C). Blood tests were repeated several times after the operation, which showed normal blood ammonia level and liver function gradually. No complication occurred during the 3-year follow-up after the shunt occlusion. Abdominal contrast-enhanced CT revealed normal liver size and shape, without local density abnormality and with annular metal density shadows in the hilum of the liver 3 years after the interventional therapy (Figure 2D). The process of disease discovery to patient diagnosis and treatment is shown in Figure 3 as a flowchart.




Figure 2 | Abdominal ultrasound and contrast-enhanced computed tomography (CT) reexamination were performed 3 years after the interventional therapy. (A) Grayscale indicates the complete disappearance of multiple intrahepatic nodulars (LPV: left portal vein, GB: gall bladder); (B) hyperechogenicity between LPV and inferior vena cava (arrows); (C) color Doppler ultrasound image showed bidirectional venous waves in the intraportal spectrum; (D) contrast-enhanced CT on this reconstructed coronal view showed annular metal density shadows in the hilum of the liver (arrows).






Figure 3 | The flowchart from disease discovery to patient diagnosis and treatment.






3 Discussion

CPSS is a malformation wherein the splanchnic vein is directly shunted into the systemic circulation via abnormal vascular connections, and is categorized into extrahepatic portosystemic shunts (EPSS, also known as “Abernethy malformations”) and IPSS (between PV branches and the hepatic veins or IVC) (4, 6). IPSS can be further classified into five types: type 1 is a connection between the main PV branch and IVC; type 2 is a peripheral vascular connection confined to a single hepatic segment; type 3 is a connection through a PV varix; type 4 is diffuse small connections; and type 5 involves the ductus venosus (2, 7). The current case was type 1 IPSS (LPV–IVC). Prematurity may be a risk factor for IPSS; however, its characteristics and natural history are unclear (8).

In 1956, IPSS was first reported by Doehner et al. (9). In 2000, the reported number of IPSS cases was fewer than 50 (10). Recently, however, the number of reported cases has been increasing with improvements in imaging techniques and enhanced IPSS recognition. Cytter-Kuint et al. (8) reported that IPSS without other hepatic abnormalities was a benign, self-limiting condition and in 15 infant cases, all shunts closed spontaneously without major sequelae. IPSS has a smaller size and reduced blood flow compared with EPSS; hence, it is expected to have fewer complications and a better chance of spontaneous closure. Studies have shown a spontaneous closure ratio of approximately 47% in IPSS compared with 4% in EPSS (3). However, the spontaneous closure had no established predictors. In our patient, IPSS did not exhibit spontaneous closure, which may be related to the presence of hepatic nodules and the size of the shunt. It has been reported that small intrahepatic shunts may spontaneously disappear by the age of 1–2 years, but the large shunts may persist throughout life and carry the risks of complications (4, 11). Sokollik et al. (12) recommended shunt closure in cases where severe complications occurred or IPSS did not disappear even at around 2 years of age.

The methods of closing the shunt include interventional therapy (endovascular), surgical approach and liver transplantation. Interventional therapy is the treatment of choice for most IPSS (1–3). This case was treated with interventional therapy, Multiple hepatic tumors disappeared following 6 months, which is consistent with case C reported by Albers. A 5-year-old boy’s hepatic nodules were also misinterpreted as hemangiomas by MRI. Finally, repeat US and re-review of previous imaging confirmed the presence of CPSS between the main PV and the IVC. Hepatic nodule histology was NRH/FNH. In addition, pulmonary hypertension. The difference was that he used surgical approach to close the shunt, and later on the disappearance of hepatic nodules, the pulmonary hypertension disappeared after 2 years after closure (2). The indication for another case to choose surgical shunt closure was that the FNH increased from 2 cm to 8 cm in 8 years follow-up: a failed attempt at interventional closure. Almost complete regression of the FNH after the surger (13). The evolution of liver tumor is consistent with the results reported by previously, stating that benign nodules (even for large nodules) resulting from IPSS show a good prognosis (4, 5). Tyraskis et al. (14) tracked the tumor evolution of 11 benign tumors after shunt closure. Of these, partial (4 patients) or complete (3 patients) tumor regression was observed in 7/11 (64%) patients at shunt closure, 3 patients had no change, and 1 patient presented with malignant transformation 6 months after shunt closure. In our case, the liver tumor completely disappeared after the shunt was closed, which may be related to the cause of tumor formation.

CPSS could develop various clinical features due to different pathophysiologies (15) associated with multisystem complications, with the most common being liver tumors and being present in a wide range of benign (NRH, FNH, adenomas, and hemangiomas) and malignant (hepatoblastomas, hepatocellular carcinomas, and sarcomas) hepatic nodules (14). Of these, the most common are FNH and NRH (6). It is well known that approximately 70% of the liver transfuses blood from the portal venous system during the postnatal period; however, the presence of IPSS reduces portal flow. It has been reported that the absence of intrahepatic portal flow has been known to lead to a significantly higher rate of hepatic tumor formation (16). Thus, in our case, IPSS may alter the growth factor and sex hormone metabolism owing to reduced portal venous flow and compensatory increases in hepatic arterial flow, which could drive FNH formation (14). FNH is a non-neoplastic lesion characterized by benign appearing hepatocytes with vascular anomalies and ductal proliferation (13). As reported in a previous study, the main cause of FNH is abnormal blood perfusion, which could involve either PV or arteries (17). In our case was followed-up for 6 months to 3 years, and no new liver tumor was found, indicating that shunt is closed, portal flow contributes to liver health and growth. Contrast-enhanced CT revealed FNH with a typical central stellate scar and spoke-like vascular structures (18). However, the characteristic features in our case were not obvious and were misinterpreted as hemangiomas.

CPSS identification and continued surveillance are essential, especially since timely intervention can improve clinical outcomes in the appropriate circumstances (6). The diagnosis of CPSS relies on imaging and is mostly diagnosed using DSA, which can identify the presence, location, type of CPSS, as well as PV circulation patency (10, 15). Furthermore, the development of prenatal imaging has enabled prenatal diagnosis, which has led up to 42% of CPSS cases, particularly IPSS cases, to be currently diagnosed prenatally (19). Color Doppler US can detect CPSS via direct shunt visualization or indirect signs, such as the diameter of the involved vessels (PV and hepatic veins), diameter of PV at the afferent side of the fistula, and size of the liver and spleen (8, 19); however, prenatal CPSS diagnosis requires US reexamination after birth due to changes in circulation. Moreover, color Doppler US is extremely useful in the follow-up of CPSS after treatment (5). In our case, no complications were found during the US follow-up for 3 years following shunt closure; therefore, it is recommended as a screening and monitoring tool (3). However, US has a few limitations: first, the surveillance and imaging protocols were not uniform. Second, the detection of the shunt may not be accurate due to several factors, such as gastrointestinal gas interference, atrophic liver, and limited imaging characteristics. Third, it is often not possible to clearly distinguish EPSS from IPSS. Fourth, EPSS away from the liver may be difficult to detect by US. Xu et al. (15) reported that two IPSSs cases and one EPSS case were missed by abdominal US and later detected by contrast-enhanced CT or MRI. Therefore, contrast-enhanced CT or MRI should be performed to further evaluate the shunt and observe other accompanying abnormalities when clinicians suspect CPSS in patients with negative US results. In summary, each type of examination could provide and supplement the relevant CPSS information.

Studies showed hyperammonemia in 79% (123/156) of children with CPSS and abnormal liver function in 78% (42/54) (4, 13), possibly because venous blood from the intestines and spleen bypasses the liver and directly diverts into the systemic circulation through the abnormal vessels (14). These values decrease after the portal flow restoration and return to normal after several days. Both are useful markers for monitoring the effectiveness of shunt closure (4, 19). Further, the presence of shunts can impair hepatic synthesis, resulting in coagulation disorders (14). PT was prolonged in 40% (31/77) of children involved in a study by Bernard et al. (4). Our patient showed increased blood ammonia levels, abnormal liver function, and prolonged PT at the hospital visit, which did not reach the degree of cholestasis and HE, and the laboratory parameters gradually returned to normal over time following shunt closure, suggesting that interventional therapy was effective for the boy.

In summary, CPSS may be asymptomatic or present with multisystem diseases of varying severity, mimicking common or rare pediatric conditions. Although CPSS is less common, it has gradually been acknowledged by clinicians, which is important for early diagnosis considering the potentially serious clinical consequences. Color Doppler US imaging is free of ionizing radiation and well tolerated, and hence, has become the first choice for assessing the pediatric abdomen. Therefore, color Doppler US is recommended as a noninvasive imaging technique to identify CPSS, monitor the therapeutic response, and conduct follow-up to guide the management of this disease and improve its outcomes.
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/USA (15) disturbances 14 cydles. After the 4th cycl, doxorubicin was.
displaced into dactinomycin
Huguenard/  34/M  Headache, back 3 Right fronal fossa ~ Solidcystic  Highdensity  Hypointense-  Hypointense-  Obvious’Y 37 Piamater,  Surgery, VC + cisplatin, FOCAL RT Y Spinal cord Died/s
2021/UsA pain to-isointense  to- ‘meninges
(16) hyperintense:
Melai2010/  S6/F  Headache, - Right temporal Solidystie -~ - - Obviows¥ - N Surgery. N N Alive/18
taly (17) confusion fossa
Auabib/2006/  48/F  Headache, let 6 Left cavernous - - - - ObviowN 40 N Surgery, VCD (alternated with EI every 3 weeks), 54 N N Alive/14
Canada (15) ptosis fossa Gy
DAntonio/  SOF  Headaches, - Right parieto- - - - - Obvious¥ 60 N Surgery. N N Alive/12
2004/1taly vomiting temporal fossa
(19
Simmons/ 67/ Headache, 18 RightCA - - - - - - Bone Palliative radiation Y Meninges  Died/13
2001/UK (20) facial paralysis involvement
Kalamarides/ ~ M/F Vertigo, 2 Lftca Salid - - Hyperintense  ObviousN 1.8 N Surgery, craniospinal N Alive/12
2001 France timnitus radiotherapy (35 Gy with an overdosage to 55 Gy
en over the tumor bed)
Kalamarides/ ~ 41/F  Dizziness, let 2 Litca Solid - - Hyperintense  Obvious N 14 N Surgery, craniospinal radiotherapy (35 Gy withan N N Alive/12
2001 France deatiess overdosage to 55 Gy over the tumor bed)
@n
Tanboon/ 2F Headache, 3 Right fronal fossa Soid-cystic  ~ - - Obviows’¥ 40 Bone Surgery ¥ Muliple  Died/13
2012/Canada vomiting, involvement bones,
) blurred vision
cervical
INs
Antonelli/ M Headache, 05 Right frontotemporal Isodensity - - Obvious’¥ - N Surgery, RT 6 weeks ¥ N Alive/17
2011/1tly coma fossa
3)
Mobley2006/  2UM  Headache, 2 Right occipital fossa  Predominantly  Isodensity - - Obvious’¥ 35 N Surgery, Dactinomycin, VAC, 54 Gy ¥ Cenial  Alive/17
USA (24) double vision and
thoracic
spine
ldrees M/ 46/ Headache, 05 Covernoussinusand  Solid Isodensity  Lointense  Hyperintense  ObviousN 23 N Vincristine, 5400 <Gy - - -
2005/ USA nausea, and sella
s) vomiting
Ishii/2001/ 19/F Headache - Right frontal s~ ~ - - - - - N Surgery, VAC, pallatve radiation - Died/36
Japan (26)
Papotti/1998/  30/F  Headache, - Right frontal fossa~~ Solid-cystic  ~ - - - 0 N Surgery, VAG, 50 Gy ¥ Thodic  Died/120
laly (2 diziness spine
Hoveman/  S376IM ~ - Temporal fossa - - - - - - NSNS Surgery, 6xVIDE, 7xVAG, RT - - Died/1s
2020/
Netherlands
(8)
Hoveman/  3036/F -~ - Frontal fossa - - - - - - Bone Surgery, 6 VIDE, 8x VAL RT - - Died/38
2020/ involvement
Netherlands
(8)
Haveman/  6934M - - Parieto-occipial - - - - - - N Surgery, 6 VIDE, 7x VAC, RT - - Died/1s
2020/
Netherlands
(8)
Current e 19M  Accidental N Left temporal fossa Isodensity  Slight Hyperintense Obvious’Y 50 N Surgery, VAC, pallative rdiation N Multiple  Died/66
discovery hypointense bones and
muscles

“refers to the solid component density of the tumor. M, male; F, female; Y, yes: N, not; CT, computed tomography; CNS, central nervous system; MRI, magnetic resonance imaging; CE, contrast enhancement; CA, cerebellopontine angle; R, radiotherapy; LN,
lymph nodes; VAC, vincristine, doxorubicin, cyclophosphamide; VCE, vincristine, cyclophosphamide, epirubicin; VIDE + C, vincristine, ifosfamide, doxorubicin, etoposide plus cyclophosphamide; VIDE, vincristine, ifosfamide, doxorubicin, etoposide; V'TI,
vincristine, temozolomide, irinotecan; VAI, vincristine, actinomycin D; RT, radiotherapy.
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(M/F)

Type of

literature Lo

53.1

lymphoid
neoplasms

CEUS feature

The peripheral arrival time of
lymphoma is significantly later
than that of metastatic cancer
Iymph nodes, the central arrival

Conclusion

CEUS can provide
additional information for

Contrast
agent/
dosage

Shan-sh: SonoVue/
Yi:‘; al“" 2018 | China Research 7174 + | Notspecified  time is earlier than that of the differential diagnosis 1‘:”;‘:1 el
) 144 metastatic cancer lymph nodes, of superficial lymph node )

and the AT is significantly enlargement.
shorter than that of metastatic
cancer lymph nodes.
Secndio CEUS of lymphoma shows CEUS s highly accurate
Rubzltelli 2004 Ttal Research 28/17 27-76 | Not specified niense but hetesogencons inithe differenthl Esatune/
o v pect speckle-like enhancement in the | diagnosis of benign and | 4.8ml
& early arterial phase. malignant lymph nodes.
Quantitative analysis of CEUS Sontrastsenhanceli
parameters showed that the PI .
. ultrasound is used for the
534 {and AUC were lower in differential diagnosis of  SonoVue/
JiNieetal. = 2020 | China Research 76167 + | Notspecified  lymphomas than in cancerous &
head and neck 2.4ml
129 lymph nodes. Lymphomas tend
Iymphomas and
to show homogeneous erous lymph nod
enhancement cancerons fymph noces.
Contrast enhancement
patterns and temporal
Of the 17 lymphomas, 9 showed | intensity profiles provide
Ming Y1 h luable di ti SonoV
ST 2009 | China Research 18/46 46 | Notspecified O OECneOUS b oy
etal. hyperenhancement and 6 information for the 2.4ml
showed absence of perfusion. differential diagnosis of
benign and malignant
lymph nodes.
The real-time
In the current lymph nodes, Al ;x;}éancemenlt process and
. . parameters can
Xiaoyan ) i AUC, and AS showed positive ! g SonoVue/
201 hi h 42/21 N fi h
Sl 018 | China Researd] / 50 otspecified | = Lt PET.CT provide comprehensive Sl
information regarding the
values. ;
activity of lymph nodes
for further examination.
The quantitative
f hel,
When lymphoma CEUS shows | Parameters of CEUS help
Wenbin AT <55 or AS > 2,58, it fo ssess the diffecent SonoVue/
X 2018 | China Research 42/21 50 Not specified . " -5 clinical and pathological
Jiang et al. indicates advanced stage and 2.4ml
apgressivenessiof the lymphoma | 2208 Of
88 extramedullary
Iymphoma.
The rapid distribution of
highly enhanced patterns
) 83.1% of lymphomas present .
4
XueletMa | 2518 | China Research 4318 | 508 | Notspecified  with diffuse uniform in CEUS canbera yeefil | {SonoVie/
etal. diagnostic criterion for 24ml
hyperenhancement )
both aggressive and non-
aggressive lymphomas.
Subperltone.al FJEUS showed subcapslar CEUS may
Shirong Liu 4067 that the mafority (6 of 7, 857%) | o0 ictinguish SonoVue/
s 2019 | China Research 18/14 + | Notspecified  of lymphomas exhibited P s
etal. ) between benign and 2.0ml
16.83 heterogeneous perfusion and . :
= e malignant lesions
lymphatic tract distortion.
Quantitative CEUS parameters | The results of this study
before and after the first three suggest that quantitative
. cycles of chemotherapy showed | analysis of CEUS may be
Lei Xi 4
(‘31 " 2017 | China Research 12/23 50.5 | Not specified significant differences in Aread, a useful method for ?Z:l uel
SR PIA, and 1A in the overall assessing treatment &
response group compared to the | response to superficial
no responsive group. lymph node enlargement
in lymphoma before and
after chemotherapy
Accordingly, changes in the Changes in perfusion
M. ratio of PE < 1.09 and changes | parameters assessed by Daiichi-
Kumagawa = 2021  Japan Research 18/9 66 | Notspecified  in the ratio of PI < 1.65, CEUS may be able to Sankyo/
etal. distinguished CR from non-CR assess the prognosis of 0.5ml

accurately.

patients with lymphoma
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Lulu Yang
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Li Yang
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2009
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2022
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2009

2010
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2015

2021

2022

2016

Country

Ttaly

Japan

Ttaly

Australia

China

Germany

America

Japan

Germany

Germany

China

China

Germany

Type of
literature

Research

Case

Research

Case

Research

Research

Case

Case

Research

Research

Research

Case

Case series

Gender Age  Organ
(M/F) involved
53/47 30/ | spleen
32
F 73 | spleen
43/34 48 | spleen
M 66 | spleen
20/29 31- | spleen
73
27/24 20-  spleen
83
M 62/ | liver
58
F 66 liver
22/16 60.1  liver
M 75 Pulmonary
8/23 65  Thyroid
M 59 Testicular
M 59 Testicular

lymphoid
neoplasms

Hodgkin
lymphoma

Not
mentioned

Not specified

diffuse large B
cell
Iymphoma

Not specified

Not specified

MALT

MALT

Not specified

Not specified

Not specified

Not specified

Not specified

CEUS feature

After contrast
material injection,
most malignant
nodules had clear
intralesional vessels
with isoenhanced
and fine
intralesional
microcirculation
with hypoenhanced
appearance in the
parenchymal phase.

Arterial phase at 15
s. initially,
inhomogeneous
parenchymal
enhancement.
Splenic lesions are
isoechoic compared
to the surrounding
parenchyma.
Parenchymal phase
at 35s.
Hypoenhancement
of the lesion.

The enhancement
pattern of
lymphoma
characterized by
isoenhancement in
the arterial phase
followed by wash-
out appearance that
had early

onset and marked
degree.

In the early phase,
the mass
demonstrated
homogenous
enhancement
similar to the
surrounding normal
spleen and was
isoenhanced for the
first 20 seconds.
Rapid wash-out
then occurred with
the mass being
hypoenhanced
relative to normal
spleen in the
parenchymal phase
and becoming
subsequently.

It mostly showed
uniform
enhancement when
checking Splenic
lymphoma by
CEUS, which could
be low or high
enhancement, but
not septal

enhancement
within lesions.
Spacer
enhancement can
be used to
distinguish splenic
lymphoma from
splenic tuberculosis.

During the arterial
phase focal lesions
were
hypoenhancement
or isoenhancement,
During the
parenchymal phase
focal lesions were
hypoenhancement.

Contrast-enhanced
ultrasonography
showed that the
nodular lesion had
mild
inhomogeneous
hyperenhancement
in the arterial phase
and wash-out in the
portal and late
phases.

After Sonazoid
injection, the tumor
was depicted as a
homogeneously
hyper-enhanced
lesion with
penetrating vessels
in the early arterial
phase, which began
to wash out in 15
seconds. The tumor
was hypo-enhanced
in the portal and
late phases on
CEUS.

The present study
shows
hypoenhancement
in the portal phase
in n = 36 (94.7%)
cases. Inn =2
(5.3%) cases hepatic
lymphoma
presented
isoechogenic
enhancement in the
portal phase. In n =
38 (100%) cases
lymphoma lesions
exhibited
hypoenhancement
during the late

phase.

pulmonary
lymphomas
surprisingly showed
aPA
vascularization
pattern in all but 1
case. the
typical”wash-out”
sign that has been
understood to be a
sign of malignancy
was detected in 3
patients, whereas 3
patients also
showed isoechoic
parenchymal
enhancement.

For most of the
PTL lesions,
contrast agent
entered in a
centripetal way and
presented as
hypoenhancement,
as well as
heterogeneous. In
CUES

mode, PTL had
significant lower
values of PI and
AUC than those of
NHT.

the PTL lesions
presented by a
hyperenhancement
by enlarged range
in CEUS along with
a nonbranching
linear vascular
pattern on
microvascular US.

On CEUS, all
lymphoma lesions
show marked
hyperenhancement.

Conclusion

Harmonic compound
US with contrast
enhancement for the
characterization of
possible nodules
provides a higher
sensitivity in the
detection of splenic
involvement by
Hodgkin lymphoma.

CEUS was able to
correctly identify as
malignant.

1t is important
indications of CEUS for
assessing the spleen at
risk of lymphomatous
invasion.

With second-generation
sonographic contrast
agents, the
enhancement
characteristics of the
primary splenic
lymphoma in our case
were identical to those
of secondary splenic
lymphoma described in
the literature with early
contrast enhancement
and rapid progressive
washout.

Contrast-enhanced
ultrasound is valuable
for the differential
diagnosis of splenic
Iymphoma and splenic
tuberculosis.

CEUS has no clear
advantage for diagnosis
of splenic lymphoma
involvement.

There is no imaging
pattern on CEUS is
specific for PHL.

Primary hepatic
extranodal marginal
zone lymphoma of
MALT presenting image
findings different from
those of typical
hepatocellular
carcinoma along with
the vessel penetration
sign.

The application of
CEUS can help to find
the right diagnosis. A
discrimination between
malignant liver lesions,
such as liver
lymphomas, metastasis
or HCC, remains
impossible.

Definite differentiation
from other malignant or
benign pulmonary
lesions cannot be
achieved by CEUS

CEUS is an efficient
diagnostic tool in the
differential diagnosis of
PTL and NHT for
patients with diffuse
HT.

Combined with straight
vascular signs on grey-
scale US and painless
testicular mass of
physical examination, it
can provide some help
for early non-invasive
diagnosis of PTL.

the key sonographic
features of testicular
lymphoma are as
follows:(1) sharply
demarcated
homogeneous
hypoechoic testicular
lesions with marked
hypervascularization on
colorcoded sonography;
(2) a rapid (<7 seconds)
filling time of contrast
bubbles; and (3) a
straight parallel course
of intralesional vessels
in most cases, as shown
by contrast-enhanced
sonography.

Contrast
agent/
dosage

Sonovue/
2.4ml

Sonovue/
Not
mentioned

Sonovue/
2.4ml

Definity/
1.5ml

SonoVue/
2.4ml

Sonovue/
2.4ml

Sonovue/
2.4ml

Sonazoid/
Not
mentioned

Sonovue/
2.5ml

Sonovue/
2.4ml

Sonovue/
2.0ml

Sonovue/
2.4ml

Sonovue/
2.4ml
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