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Abstract
BACKGROUND
[bookmark: _Hlk60933088]Angiomyolipomas (AMLs), belonging to the family of mesenchymal tumors, are considered benign lesions that occur mostly in the kidney or as a part of tuberous sclerosis. Epithelioid AML (EAML) is a rare type of AML that appears to have malignant potential. Extrarenal AMLs usually occur in the liver according to the retrieved literature reports. There have been only two previous reports of monofocal primary AML of the pancreas; however, no cases of primary monotypic EAML of the pancreas have been reported.

CASE SUMMARY
An asymptomatic 59-year-old woman incidentally revealed a tumor during abdominal ultrasound examination. Routine blood tests and physical examination were within normal limits. Abdominal ultrasound revealed a 1.9-cm hypoechogenic mass in the tail of the pancreas, clearly visualized by endoscopic ultrasound. However, contrast-enhanced abdominal computed tomography scans did not demonstrate the lesion. A subsequent gadolinium-enhanced magnetic resonance imaging scan showed that the lesion had some characteristic manifestations. The lesion was initially thought to be a neuroendocrine tumor (asymptomatic PanNET). After surgical resection, histopathology and immunohistochemistry confirmed the diagnosis of EAML. At the 6-mo follow-up, no recurrence, spread, or metastasis was identified on computed tomography or magnetic resonance imaging.

CONCLUSION
The preoperative diagnosis of pancreatic AML is extremely difficult. Imaging techniques are essential for providing valuable morphological features for differential diagnosis.
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Core Tip: We present a rare case of pancreatic epithelioid angiomyolipoma diagnosed after an anatomopathological examination. The patient was asymptomatic. Here are several findings from multiple modalities, including multidetector computed tomography, ultrasound, endoscopic ultrasound, magnetic resonance imaging, and providing a pathologic correlation. Awareness of the characteristic features, including immunoreactivity for the human melanoma black-45 marker, may help in the diagnosis of this rare entity. This report represents, to our knowledge, the first epithelioid angiomyolipoma arising in the pancreas.

INTRODUCTION
Angiomyolipoma (AML) is classified into two distinct histological subtypes: Classic triphasic AML and monotypic epithelioid AML (EAML). Classic AML is benign and characterized by proliferation of blood vessels, smooth muscle, and adipose tissue in variable proportions. EAML is composed of purely epithelioid cells with a paucity of adipose tissue components. The fact that immunohistochemical staining for melanocyte and smooth muscle cell markers in these tumors has standardized the histological diagnosis of this entity. The reported characteristics of renal EAML with malignant potential often resemble those of renal cell carcinoma on both radiology and histology[1-3]. In the present report, we present an extrarenal EAML in the pancreas.

CASE PRESENTATION
Chief complaints
A 59-year-old asymptomatic woman underwent abdominal ultrasound (US) in the workflow of health examination, revealing a 1.9-cm hypoechogenic mass in the tail of the pancreas.

History of past illness
The patient used amlodipine besylate for 20 years for the treatment of hypertension. The remarkable medical history was thyroid cancer resection 5 mo prior and treatment with radionuclide therapy.

Personal and family history
Neither she nor anyone in her family had a history of tuberous sclerosis complex (TSC).

Physical examination
The patient’s vital signs and physical examination were likewise unremarkable.

Laboratory examinations
Laboratory findings indicated that the patient’s carbohydrate antigen 19-9 level, as well as her carcinoembryonic antigen level, was within the normal range.

Imaging examinations
Following abdominal US examination, the patient underwent enhanced multidetector computed tomography (MDCT), magnetic resonance imaging (MRI), and endoscopic US (EUS) for further evaluation. The size and morphology of the pancreas were nearly normal in all imaging examinations. US and EUS revealed a 1.9-cm hypoechogenic mass in the tail of the pancreas that did not display the typical expected adipose echogenicity. No hypervascularity was noted on the Doppler images (Figure 1A). Ultrasonic elastography showed a green-to-blue cold color, indicating soft conditions (Figure 1B). The soft tissue mass was occult on the computed tomography (CT) scan due to its homogeneous isodensity to the background pancreatic parenchyma in the unenhanced, arterial, portovenous, and delayed phases (Figure 2). No other lesions were detected on the abdominal and pelvic CT scan. On MRI, the mass demonstrated a long or equal signal intensity (SI) on LAVA-T1-weighted imaging and slightly long SI on FS-T2-weighted imaging. Chemical shift gradient-echo images demonstrated a slight loss of SI on out-of-phase imaging related to the small amount of microscopic lipid component within the mass (Figure 3A-C). DWI showed the mass-region of hyperintesity. ADC map was dark with an ADC value 0.707 × 10-3 mm2/s, consistent with reduced diffusivity (Figure 3 D). Additionally, contrast-enhanced MRI revealed that the mass was slightly hyperenhancing relative to surrounding pancreas on arterial phase imaging. Then, the mass washed out in the portal and delayed phases very quickly (Figure 3E-H).

MULTIDISCIPLINARY EXPERT CONSULTATION
Liu-Xin Cai, MD, Chief Doctor, Department of General Surgery, Zhejiang University School of Medicine
A neuroendocrine tumor (asymptomatic PanNET) was preoperatively diagnosed based on location and imaging findings. Considering the overall characteristics of the mass and the patients’ health condition, surgical resection should still be recommended due to the absence of available data on long-term follow-up.

FINAL DIAGNOSIS
Gross pathological examination revealed a well-defined, brown nodular tumor in the tail of the pancreas measuring 1.7 cm × 1.7 cm. The pathological diagnosis was based on pleomorphic perivascular epithelioid cells (PECs) (Figure 4) and immunohistochemical staining for melanoma and smooth muscle cell markers. While adipose tissue was scarcely observed, mitotic figures were rare, and atypical mitoses were not detected. The sections were immunostained using monoclonal anti-HMB-45, anti-desmin, anti-melan-A, and anti-SMA antibodies. Typical smooth muscle cells and epithelioid cells were immunoreactive for HMB-45 (Figure 5) and positive for melan-A and SMA. Accordingly, the final pathological diagnosis was primary EAML.

TREATMENT
The patient requested surgical intervention. During the operation, it was noted that the lesion was adjacent to splenic vessels. Subsequently, laparoscopic resection of the tail of the pancreas and spleen was performed.

OUTCOME AND FOLLOW-UP
The patient made an uneventful recovery and was discharged from the hospital on the 8th day after surgery. The patient was followed for 6 mo postoperatively, and no signs of recurrence or metastasis were observed on CT and MR examinations.

DISCUSSION
Etiology and demographics
AML was recognized as a mesenchymal tumor in the 2004 World Health Organization classification of renal tumors[4] and a member of the family of PEComas[5] that may occur sporadically or in association with TSC[6]. Although AML is most common in the kidney, extrarenal sites can also be involved. The liver, with over 100 reported hepatic cases[7-9], is reported to be the most frequently involved extrarenal organ. Rare additional sites of reported AMLs include the lung[10,11], spleen[12,13], colon[14,15], heart[16], skin[17,18], parotid gland[19,20], mediastinum[21], spermatic cord[22], nasal cavity[23,24], and retroperitoneal soft tissue[25,26]. The nature of most AMLs is benign, while examples of renal and extrarenal AMLs have described malignant potential[1-3,27]. EAML is considered a potentially malignant neoplasm since one-third of patients develop metastatic lesions involving extension into the vena cava and metastasis[27]. EAML can occur locally, metastasize, and result in death[28]. No clear criteria have been developed to identify malignant tumors, but most reported examples did not exhibit increased mitotic activity[27,29]. Our patient’s tumor exhibited benign historical characteristics, and follow-up information 6 mo after the operation indicated no evidence of recurrence. The patient remains in continuous follow-up.

Clinical and imaging findings
Clinical presentation varies and is nonspecific. Adding to the difficulty of a preoperative diagnosis, most extrarenal AMLs are asymptomatic and remain occult unless incidentally detected. 
Renal AMLs involve the renal cortex and exhibit diffusely high echogenicity on US. Most renal AMLs demonstrate a fat density of less than -20 HU on a nonenhanced CT scan, although EAMLs show high attenuation. On a CT scan with contrast agent, they show a prolonged enhancement pattern homogeneous with peripheral kidney tissue. On MRI, the signal intensities of AMLs are decided by the fat content[30]. Nevertheless, the majority of renal AMLs can be recognized easily under the technique of fat suppression or chemical shift, except for those with poor lipids. It may be challenging to achieve the accurate diagnosis of EAMLs because adipocytes are scarce in tumors. Renal EAMLs demonstrate a range of MR appearances, with non-specific DWI findings, hypointensity on T2-weighted MR images, and differing degree of enhancement depending on the components of the tumor. It must be recognized that renal EAML can appear adjacent or even within conventional AML and show high attenuation on CT and homogenous enhancement with a prolonged enhancement pattern[31].
Due to advances in US, MDCT, and MR imaging technologies, both symptomatic and asymptomatic extrarenal AMLs that can occur in various parts of the body have been noticed and reported frequently. So far, the most frequent location is the liver. One-half of AMLs occurring in the liver lack an appreciable fat content, which is unlike renal AMLs. Hepatic EAMLs on US appear as hyperechogenic lesions with clear boundaries. Relative hypervascularity may be found in the lesions. MDCT is useful for the evaluation of fat content within a mass, which can be helpful to differentiate lipid-rich and lipid-poor types. On CT scans, lipid-poor hepatic AMLs have a peripheral angiomyomatous component and soft tissue attenuation. On MRI scans, imaging findings of hepatic AMLs are consistent with those of renal AMLs[28]. Fifty percent of hepatic AMLs lacking macroscopic fat content remain a diagnostic dilema[9,32,33].
The primary EAML in the pancreas that we reported in our patient appeared differently on CT and MRI when compared with primary hepatic and renal AMLs. The incidence and general radiographic features of primary EAML of the pancreas are not known. The pancreas can be involved by EAML, and as such, when faced with a pancreatic mass, doctors ought to include EAML in the differential diagnosis. Upon a review of the literature, there are a limited number of imaging studies on AML of the pancreas and no studies on EAML of the pancreas[34]. Imaging features of pancreatic AML have been infrequently reported. The imaging findings associated with the mass in our case were partially similar to those of primary pancreatic AML but differed from those of reported EAMLs in the kidney and liver. The uncommon primary AML of the pancreas was reported for the first time by Heywood et al[34] in 2004 with US and CT examination before surgery. The thick-walled cystic mass, measuring 4.5 cm × 3 cm × 2.5 cm, was located in the uncinate process of pancrease and was accompanied by hemorrhage. In 2017, Kim et al[35] reported the second known case of monofocal primary AML. The mass, measuring 2 cm, was located in the body of the pancreas, suggesting a low-grade malignant or benign tumor. EUS revealed a hyperechogenic mass without hypervascularity. Isodense mass on unenhanced CT images and peripheral enhancement were observed during the arterial, parenchyma, and portovenous phases. On MRI, the mass, without diffusion restriction, displayed heterogeneous peripheral high SI on T2 imaging and homogenous low SI on T1 imaging. Additionally, dynamic MRI revealed that the central part of the mass was poorly enhanced, while the peripheral part was strongly enhanced. 

Pathological features
Our case represents a pancreatic EAML whose epithelioid cell component is predominant. Histologically, EAML is composed of a group of PEC tumors with cells of epithelioid morphology, smooth muscle, and a partially melanocyte phenotype[3,5]. These lesions can resemble melanoma or conventional renal tumors in the kidney that have a predominance of sarcomatous elements. Characteristic histology and an immunohistochemical phenotype should aid in the correct diagnosis.
Typical AMLs feature lobular structures and are colored gray-to-yellow on gross examination. Necrosis as well as intratumoral hemorrhage can be observed. Approximately 30% of patients are found to have multiple tumors, and in patients with TSC, the proportion is even higher. Multiple tumors are not equal to metastasis but the indication of multifocality[6,36].
Through microscopic examination, various proportions of components, including vessels with thick walls, smooth muscle, and mature adipose tissue, were observed in AML. Rare cases (i.e., monotypic EAML) with the predominant proportion of epithelioid cells can be extremely difficult to diagnose. In general, EAMLs are considered to originate from smooth muscle and are characterized by abundant eosinophilic cytoplasm as well as nuclear pleomorphism, atypia, and mitotic activity to varying degrees[37,38]. Apits[39] was the first to describe epithelioid features in renal AML, often arranged around vascular spaces, and increasing awareness of the lesion has led to the recognition of monotypic EAML[39]. However, very subtle differences were observed between benign and malignant EAMLs, and there were no clear diagnostic criteria for malignancies. If there is no conclusive evidence of metastasis, the diagnosis of malignant AML is extremely difficult.
Some AMLs have an unusual morphology, including those with one predominant component, such as EAML, which may prompt a misdiagnosis of leiomyosarcoma, liposarcoma, and even carcinoma. Immunohistochemical staining reflects the distinctive cellular differentiation of the tumor. The most instructive finding is the smooth muscle or myoid cells in AMLs that coexpress muscle markers, such as SMA, and human melanocytic markers, such as HMB-45. In our patient, negative staining for cytokeratin, chromogranin A, and synaptophysin argued against carcinoma and neuroendocrine carcinoma, while positive staining for HMB-45, Melan-A, and SMA was added in the correct diagnosis.

Treatment and prognosis
In most cases, AMLs are benign in the clinical course, even those with multiple foci, a bizarre morphology, or local invasion. Surgical resection can reach the cure level. EAML, in contrast to classic AML (which is benign), may be associated with distant metastasis and local recurrence. Making a prognosis of malignant EAML is challenging for a limited number of cases. According to the literature, the survival of patients with malignant EAML ranges from several months to 3 years. Cibas et al[31] reported a case of malignant EAML that was treated successfully with single-agent doxorubicin.

CONCLUSION
Our horizon about the occurrence sites and morphological features of AML has been enlarged to a great extent in recent years. Our report of primary pancreatic EAML prompts our awareness of AML. This report of primary EAML in the pancreas further widens this spectrum. To date, this is the first such case of only a few HMB-45-positive EAMLs outside the kidney and liver and is the first to describe relatively complete imaging findings of primary AML in the pancreas without hemorrhage. Further evaluation, including imaging modalities, imaging features, and prognosis, is urgently necessary to better characterize primary pancreatic AML.
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[bookmark: _Hlk60933047]Figure 1 Endoscopic ultrasound images of the epithelioid angiomyolipoma. A: Endoscopic ultrasound showed a hypoechogenic mass in the tail of the pancreas, measuring 1.9 cm, without obvious blood flow on color doppler flow imaging; B: Elastography showed that the elastic properties of the mass were a little harder than the surrounding tissue.
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Figure 2 Contrast-enhanced computed tomography images of the epithelioid angiomyolipoma. A-D: Axial contrast-enhanced multidetector computed tomography scan series failed to demonstrate any mass.
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[bookmark: _Hlk52615821]Figure 3 Gadolinium-enhanced magnetic resonance images of the epithelioid angiomyolipoma. A: Magnetic resonance (MR) imaging showed an isointensity to pancreatic parenchyma on fs-T2-weighted imaging; B and C: Axial T1-weighted in and out phase MR images, respectively, showing a slight loss of signal intensity (SI) related to microscopic lipid component; D: Diffusion-weighted image revealing a high SI area in the pancreas with corresponding low SI on the ADC map consistent with restricted diffusion; E-H: Axial T1-weighted fat saturated MR image before and after gadolinium administration, showing a mass with slightly intake of more contrast than surrounding pancreatic tissue, followed by rapid washout in the portal and delayed phases.
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Figure 4 Photomicrograh (hematoxylin and eosin staining; magnification, × 200). Microscopically, the tumor was composed of large epithelioid cells, while adipose tissue was scarcely observed.
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[bookmark: _GoBack]Figure 5 Immunohistochemical staining (magnification, × 200) demonstrated that the epithelioid cells and spindle smooth cells focally expressed human melanoma black-45.
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