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Abstract 
BACKGROUND
Hepatic epithelioid angiomyolipoma (HEAML) is a rare liver disease and is easily misdiagnosed. Enhanced recognition of HEAML is beneficial to the differential diagnosis of rare liver diseases.

CASE SUMMARY
[bookmark: _Hlk519712701]We presented two cases of HEAML in Changzheng Hospital, Naval Medical University, and then collected and analyzed all reports about HEAML recorded in PubMed, MEDLINE, China Science Periodical Database, and VIP database from January 2000 to March 2018. A total of 409 cases of HEAML in 97 reports were collected, with a ratio of men to women of 1:4.84 and an age range from 12 years to 80 years (median 44 years). Among the patients with clinical symptoms mentioned, 61.93% (205/331) were asymptomatic, 34.74% (115/331) showed upper or right upper quadrant abdomen discomfort, while a few of them showed abdominal mass, gastrointestinal symptoms, low fever, or weight loss. The misdiagnosis rate of HEAML was as high as 40.34% (165/409) due to its nonspecific imaging findings. Most of the tumors were solitary and round in morphology, with clear boundaries. Ultrasound scan indicated low echo with internal nonuniformity and rich blood supply in most cases. Computer tomography/magnetic resonance imaging enhanced scan showed varied characteristics. The ratio of fast wash-in and fast wash-out, fast wash-in and slow wash-out, and delayed enhancement was roughly 4:5:1. A definite diagnosis of HEAML depended on the pathological findings of the epithelioid cells in lesions and the expression of human melanoma black 45, smooth muscle actin, melanoma antigen, and actin by immunohistochemical staining. HEAML had a relatively low malignant rate of 3.91%. However, surgical resection was the main treatment for HEAML, due to the difficulty diagnosing before operation. 

CONCLUSION
HEAML is a rare and easily misdiagnosed disease, and it should be diagnosed carefully, taking into account clinical course, imaging, pathological ,and immunohistochemical findings.
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Core tip: Hepatic epithelioid angiomyolipoma (HEAML) is a rare and easily misdiagnosed disease, with a misdiagnosis rate as high as 40.34% and a relatively low malignant rate of 3.91%. In this work, we presented two cases of primary and secondary HEAML and analyzed the 409 cases of HEAML recorded in PubMed, MEDLINE, China Science Periodical Database, and VIP database from January 2000 to March 2018. This pooled analysis of HEAML, in view of clinical course, imaging, pathological and immunohistochemical findings, may provide a better understanding of HEAML.
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INTRODUCTION
Hepatic epithelioid angiomyolipoma (HEAML) is a rare subtype of hepatic angiomyolipoma (AML). It is a hepatic mesenchymal neoplasm with malignant potential that is primarily composed of epithelioid cells. Retrieved from major databases, a total of 409 cases of HEMAL have been reported with a misdiagnosis rate as high as 40.34% (165/409) due to its non-specific manifestations. Here we presented two cases of HEAML in Changzheng Hospital, Naval Medical University, Shanghai and made pooled analysis on the diagnosis and prognosis of HEAML. This work was performed in accordance with the Declaration of Helsinki and approved by the Institutional Ethics Committee of Changzheng Hospital. Written informed consents were obtained from the 2 patients for using their data for clinical research and publication.

CASE PRESENTATION
Case 1
History and physical examination: A 40-year-old female patient was admitted to hospital because "health examination revealed hepatic space-occupying lesion 1 wk ago". The patient had no obvious positive clinical manifestations and positive signs.

Diagnostic imaging: Ultrasound and computed tomography (CT) scan suggested a mass of 5 cm × 3 cm in the right lobe of liver (Figure 1A). The hepatitis B surface antigen and tumor markers, such as alpha fetoprotein (AFP), carcino-embryonic antigen (CEA), carbohydrate antigen (CA) 199, and CA125, were all negative. 

Histopathology: The postoperative pathological diagnosis was HEAML (potentially malignant) (Figure 1B-C). Immunohistochemistry results were as follows: Antigen Ki67 (Ki67) (1% positive), human melanoma black 45 (HMB45) (positive in some cells), smooth muscle actin (SMA) (weak positive), soluble protein-100 (S100) (-), cluster of differentiation (CD) 34 (positive in vessels), calponin (++) (Figure 1D), estrogen receptor (positive in some cells) (Figure 1E), progesterone receptor (+) (Figure 1F), Keratin-pan (Kpan) (weak positive) (Figure 1G), epithelial membrane antigen (EMA) (-), vimentin (partially positive) (Figure 1H), neuron-specific enolase (-), actin (partially positive) (Figure 1I), AFP (weak positive), and hepatocyte paraffin-1 (HepPar)-1 (-). 

Case 2
History of illness: A 39-year-old female patient underwent left nephrectomy due to a left kidney space-occupying lesion in October, 2009. Postoperative pathological examination suggested epithelioid AML. In April 2010, abdominal CT revealed left retroperitoneal lymph node enlargement, which was biopsied afterwards by surgery. Pathological examination prompted a diagnosis of AML. The patient was treated by radiotherapy and high intensity focused ultrasound during the next few years but did not achieve a complete cure. 

Imaging examination, histopathology: In routine review on 8 July 2014, ultrasound and CT scan revealed a mass with a maximum diameter of about 6 cm in liver. A CT-guided liver tumor puncture biopsy was performed (Figure 2A), and the pathological diagnosis suggested metastatic HEAML (Figure 2B-D). Immunohistochemistry results were as follows: Ki67 (1% positive), HMB45 (+), melanoma antigen (Melan-A) (+), SMA (+), S100 (-), EMA (-), vimentin (partially positive), AFP (-),  and HepPar-1 (-). On 25 July 25 2014, chest CT revealed multiple micronodules in the right lung, the largest one of which was approximately 4 mm and located in the superior lobe. 

FINAL DIAGNOSIS
Case 1
The patient was diagnosed with primary HEAML.

Case 2
This patient was diagnosed as a secondary HEAML of renal origin.

TREATMENT
Case 1
The patient underwent liver resection on the third day after admission. During intraoperative exploration, a mass with medium texture and clear boundaries was found located in segment 6, protruding from the liver surface, while no satellite lesions were discovered. 

Case 2
The patient underwent transcatheter arterial chemoembolization six times between 28 July 28 2014 and 10 March 2016. During that period, chest CT and abdominal magnetic resonance imaging (MRI) was performed repeatedly and confirmed the presence of bilateral lung nodules, liver space-occupying lesion, and retroperitoneal lymph node enlargement. 

OUTCOME AND FOLLOW-UP
Case 1
The patient recovered well after surgery and was discharged on the  postoperative day 9. There was no relapse during the 3 years of follow-up.

Case 2
The patient ultimately died on 15 October 2016 due to systemic metastasis of the tumor and multiple organ failure.

DISCUSSION
Literature review
[bookmark: OLE_LINK4][bookmark: OLE_LINK3][bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK7]General data: We collected all reports related to HEAML recorded in the PubMed, MEDLINE, China Science Periodical Database, and VIP database from January 2000 to March 2018. A total of 64 articles were enrolled into analysis after excluding 32 articles without valuable data and five articles with repeated data[1-64]. In total, there were 409 cases, of which 386 presented as single tumor and 23 presented as multiple tumors. The male to female ratio was 1:4.84, with 70 males and 339 females. The median age was 44 years old, ranging from 12 years to 80 years old. Of the patients with symptoms mentioned in articles, 61.93% (205/331) were asymptomatic when ultrasound or imaging examination discovered the tumors, while 34.74% (115/331) present with discomfort of the upper abdomen. Fourteen patients had a history of hepatitis B. Seven patients had tuberous sclerosis complex (TSC). The aminotransferases were abnormal in 4 patients. The CA199 level was elevated in 4 patients. Two patients had a history of breast cancer, while one patient was comorbid with cholangiocarcinoma and had elevated CA125 level. Two patients were comorbid with hepatic hemangioma, one patient was comorbid with gallstone disease, and one patient was comorbid with cirrhosis due to schistosomiasis.
The tumor was located in the right lobe in 181 cases, left lobe in 153 cases, and caudate lobe in 12 cases. The maximum diameter of the tumor ranged from 1 cm to 20 cm, with a median of 5.9 cm. Among the cases with tumor morphology described, tumors were round in 86 cases (85.15%) and lobular or irregular in 15 cases (14.85%), while tumors were well defined in 116 cases (84.67%) and ill-defined in 21 cases (15.33%).

Ultrasonography: Ultrasound usually indicated low echo on HEAML, with clear boundary, internal nonuniformity, and rich blood supply. A low echo halo presented in 27.66% cases (13/47). Contrast-enhanced ultrasonography revealed that all lesions appeared homogeneous hyperechoic during arterial phase, and most lesions appeared homogeneous isoechoic during portal and delayed phase (Table 1). 

CT: HEAML mostly showed as slightly low density with nonuniformity on CT plain scan. The lesions were obviously or moderately enhanced in arterial phase, and the enhancement decreased during portal and delayed phase in most cases. The enhanced scan showed varied characteristics. The ratio of fast wash-in and fast wash-out, fast wash-in and slow wash-out, and delayed enhancement was roughly 4:5:1. The central vessel sign could be seen in 75.80% of the cases (119/157), and the early drainage veins, which returned into branches of hepatic vein or portal vein, could be seen in 61.48% of the cases (75/122). HEAML usually had no capsule. When the tumor was large enough, it might oppress the surrounding liver parenchyma to form an incomplete pseudocapsule (Table 2).

MRI: MRI scan usually suggested inhomogenous and low T1 weighted imaging (T1WI) signal and an increase in T2WI and diffusion weighted imaging (DWI) signal. Gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid enhanced scan usually showed marked enhancement in the arterial phase, which was decreased during portal and delayed phase (Table 3).

Diagnosis and treatment: Preoperative diagnosis of HEAML was difficult. Among the 409 cases, 59 cases were preoperatively misdiagnosed as benign diseases, including 16 cases of focal nodular hyperplasia, 15 cases of hepatocellular adenoma (HCA), 11 cases of AML, five cases of hemangiomas, one case of hamartoma, and 11 cases of unclassified tumors. One hundred and four cases were misdiagnosed as malignant diseases, including 71 cases of hepatocellular carcinoma, one case of cholangiocarcinoma, five cases of metastatic cancer, three cases of mesenchymal tissue-derived tumors (angiosarcoma, liposarcoma, etc), and 24 cases of unclassified tumors. Another two cases were not diagnosed clearly preoperatively. The misdiagnosis rate was thus as high as 40.34% (165/409)[5-12,18-19,22-24,30-39,43-47,51-53,56,62-63]. Surgical resection was the main treatment for HEAML, due to the difficulty diagnosing before operation. For those not suitable for hepatectomy, ablation or interventional therapy could be the alternative treatment after puncture biopsy for pathological diagnosis.

Gross appearance: In general, the section of HEAML was incanus and grayish yellow or grayish red, and the texture was soft mostly. Most of the HEAML had no capsule, with clear or relatively clear boundaries. For HEAMLs, 40.27% (60/149) were accompanied by hemorrhage and necrosis, and 33.33% (23/69) were comorbid with fat lesions. Cystic degeneration occurred in 14.04% (16/114) of the tumors (Table 4).

Microscope appearance: Epithelioid tumor cells could be observed under the microscope and arranged irregularly in nodules or flaky structures, with relatively obvious atypia. Sometimes multinucleated giant cells and ganglion-like large cells could be observed. Generally, epithelioid tumor cells were round, polygonal, or short-spindle in shape and were radially distributed around thin-walled blood vessels or muscular arteries. The cytoplasm was abundant and slightly eosinophilic staining. Sometimes the cytoplasm was clear and contained adipose vacuoles. The centrally located nuclei were large, round, or oval in shape. The nucleoli were obvious and mitotic figures were rare. 

Immunohistochemistry: Immunohistochemical examination revealed that the expressions of HMB45, SMA, Actin, Melan-A, macrophage marker 387, melanoma antigen recognized by T-cells 1, A103, etc were positive. The expressions of CD31, CD34 on vascular wall, vimentin, pp70S6K, and MyoD1 were positive in about half of the cases. In a few cases, the fat S-100, CD68, desmin, muscle specific actin, human myeloperoxidase (MPO), E-cadherin, and b-cadherin was positive or weakly positive. The Kpan, AFP, HepPar-1, EMA, CEA, CD117, and p53 was basically negative (Table 5). The Ki-67 expression ranged from < 1% to 15%, with a median of 1.96%.

Follow-up: The duration of follow-up was 2 mo to 180 mo, with a median of 31 mo. The rate of malignancy was 3.96% (16/409). Notably, among the 16 malignant cases, only 1 case was diagnosed potential malignancy on pathology, other cases were identified malignancy because of intrahepatic recurrence (6 cases) and distant metastases (9 cases). Among those metastatic cases, 2 cases were lung metastasis and 1 case was bone metastasis, while other cases were not specified the sites of metastasis. The time of postoperative relapse was 5 mo to 108 mo, with a median of 42.5 mo.

DISCUSSION
Since Bonetti and colleagues first described AML in 1992, it has gradually been increasingly recognized as a relatively rare mesenchymal tumor. AML was most commonly found in the kidney and less often in the liver. Most patients with hepatic AML were female and asymptomatic, and the masses usually occurred in non-cirrhotic liver without serological abnormalities. In most cases, hepatic AML was discovered incidentally during regular health check-ups or examinations for other diseases. The pathogenesis of hepatic AML has not yet been clarified. There was an association with TSC in more than 50% of the AML in the kidney, but this association had been estimated to be only 5%-15% of the patients presenting with solitary liver tumors. In our review, TSC was found in 7 patients (1.7%), which might be underestimated due to incomplete information. However, TSC was probably a risk factor for malignant behavior of epithelioid AML[65]. Histologically, it was composed of blood vessels, adipose tissue, and smooth muscle. Compared with typical AML, HEAML was histologically dominated by epithelioid cells and contained much less adipose cells.
HEAML occurred primarily in young and middle-aged females, with an average age of 45 years old at the time of diagnosis. The male to female ratio was about 1:4.84. Approximately two-thirds of patients were found to be asymptomatic on physical examination, while one-third of patients presented with discomfort or swelling pain of the epigastrium or right upper quadrant. A few patients presented with an abdominal mass, poor appetite, nausea and vomiting, anemia, fatigue, low fever, weight loss, changes in bowel habits, etc[1]. Patients usually had no hepatitis, cirrhosis, or family history of this type of tumor. The common tumor markers were almost all negative. 
HEAML imaging findings included: (1) Most of the tumors were solitary and round in morphology, while a few were lobulated or irregular, with clear boundaries; (2) Ultrasound scan indicated low echo with internal nonuniformity, clear boundary, and rich blood supply in most cases, sometimes with low echo halo. Contrast-enhanced ultrasound showed that all lesions appeared homogeneous hyperechoic during arterial phase, and most lesions appeared homogeneous isoechoic during portal and delayed phase; (3) CT plain scan usually showed low density lesions, which was obviously or moderately enhanced in arterial phase, and the enhancement decreased during portal and delayed phase in most cases; (4) Most of the lesions were accompanied by central vessels and early drainage veins, which afflux into branches of the hepatic vein or portal vein; (5) The enhanced scan showed varied characteristics. The ratio of fast wash-in and fast wash-out, fast wash-in and slow wash-out, and delayed enhancement was roughly 4:5:1; (6) HEAML usually had no capsule. When the tumor was large enough, it might oppress the surrounding liver parenchyma to form an incomplete pseudocapsule. Recognizing the imaging features of no capsule, and hypervasularity with central punctiform or filiform vessels as a characteristic enhancement may distinguish Epi-HAML from other hepatic tumors[30]; and (7) MRI scan usually suggested inhomogenous and low T1WI signal, and increase in T2WI and DWI signal. Gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid enhanced scan usually showed marked enhancement in arterial phase, which was decreased during portal and delayed phase.
The preoperative misdiagnosis rate was as high as 40.34% (165/409) because of the non-specific clinical and imaging manifestations of HEAML. It was necessary to differentiate with hepatocellular carcinoma, focal nodular hyperplasia, HCA, hemangiomas, and metastatic cancers when making diagnosis. Currently, the major treatment strategy was surgical resection. In general, HEAML had no capsule, but presented with clear boundaries. HEAML demonstrated expansive growth and squeezed the adjacent liver parenchyma. Internal hemorrhage and necrosis was more common than typical AML. The definitive diagnosis of HEAML depended on pathological findings of epithelioid cells in the lesions, and the immunohistochemical findings of melanoma specific markers (HMB45, Melan-A) and myogenic markers (SMA, muscle specific actin, Actin).
Most of the HEAMLs were benign, with a relatively low malignant rate of 3.91% (16/409). Notably, 15 cases of malignancy were identified because of intrahepatic recurrence or distant metastasis, while the pathological examination did not demonstrate malignancy distinctly on the first operation. The malignant HEAML mainly metastasize to the lung and bones and could involve multiple organs in severe cases. The median time of postoperative relapse was 42.5 mo. Therefore, periodic reexamination was needed to prevent recurrence, especially within 5 years after surgery, just like gastrointestinal tumors. In addition, the HEAML could be secondary, with primary lesions mostly originated from kidney. The second case reported in this article initially presented as retroperitoneal lymph node enlargement 1 year after renal EAML resection, and eventually exhibited liver and lung metastases 5 years after the surgery. Secondary HEAML has rarely been reported. Among the 17 secondary cases reported[8,37,66-71], 5 cases turned to multiple metastases. Secondary HEAML had no significant differences from primary HEAML in terms of clinical manifestations, imaging findings, pathology, and immunohistochemistry.
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Figure 1 Imaging and pathological immunohistochemical findings of case 1. A: Computed tomography scan suggested a mass of 5 cm × 3 cm in the right lobe of liver; B, C: The postoperative pathological diagnosis was hepatic epithelioid angiomyolipoma (HE staining, B: × 100, C: × 400); D-I (× 200): Immunohistochemistry results were as follows: Calponin (++) (D); estrogen receptor (positive in some cells) (E); progesterone receptor (+) (F); K-pan (weak positive) (G); vimentin (partially positive) (H); and actin (partially positive) (I). HE: hematoxylin and eosin.
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Figure 2 Computed tomography guided percutaneous liver tumor puncture and pathological findings of case 2. A: Computed tomography scan revealed a mass of 3.5 cm × 3.0 cm in liver; B-D: The pathological diagnosis suggested metastatic hepatic epithelioid angiomyolipoma (HE staining, B: × 100, C: × 200, D: × 400).



Table 1 Ultrasound and contrast-enhanced ultrasonography of hepatic epithelioid angiomyolipoma
	Items
	Cases

	Ultrasound

	Echo (low/mixed/high)
	54/8/24

	Internal uniformity (heterogeneity/homogeneity)
	37/38

	Boundary (clear/indistinct)
	55/5

	Hypoechoic halo (Y/N)
	13/34

	Blood supply (rich/abundant/rare)
	22/6/7

	Contrast-enhanced ultrasonography

	Arterial phase (high/middle/low)
	15/0/0

	Portal phase (high or slightly high/middle/low or slightly low)
	4/8/3

	Delay phase (high or slightly high/middle/low or slightly low)
	3/7/5
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Table 2 Preoperative computed tomography manifestations of hepatic epithelioid angiomyolipoma
	Items
	Cases

	Computed tomography

	Plain scan phase

	Uniformity (uniform/non-uniform)
	15/24

	Density (low density/equidensity)
	63/9

	Arterial phase (Obvious uniform enhancement/apparent or moderate non-uniform enhancement)
	54/53

	Portal phase (obvious enhancement/enhancement reduction)
	33/42

	Delayed phase (sustained moderate enhancement/enhancement reduction)
	23/30

	Characteristic manifestations

	Central vessel sign (Y/N)
	119/38

	Early drainage veins (Y/N)
	75/47

	Enhancement mode (fast wash-in and fast wash-out/fast wash-in and slow wash-out/delayed enhancement)
	67/83/15

	Pseudocapsule (Y/N)
	65/73




Table 3 Preoperative magnetic resonance imaging and gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid enhanced scan manifestations of hepatic epithelioid angiomyolipoma
	Items
	Cases

	Magnetic resonance imaging

	T1WI

	Low, slightly low signal/equisignal/high signal
	107/1/1

	Slightly uniform/non-uniform
	13/26

	T2WI

	Slightly high signal/high signal
	39/70

	Slightly uniform/non-uniform
	3/29

	DWI

	Slightly high signal/high signal
	13/51

	Slightly uniform/non-uniform
	4/15

	Gd-EOB-DTPA

	Arterial phase

	Homogeneous enhancement/heterogeneous enhancement
	29/21

	Obvious enhancement/Medium enhancement
	47/7

	Portal phase

	Continuous enhancement/enhancement weakened
	22/29

	Delayed phase

	Continuous enhancement/enhancement weakened
	1/2



T1WI: T1 weighted imaging; DWI: Diffusion weighted imaging; Gd-EOB-DTPA: Gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid.


Table 4 Gross appearance of hepatic epithelioid angiomyolipoma

	Items
	Cases or manifestations

	Section
	Mostly incanus, grayish yellow or grayish red

	Capsule (Y/N)
	10/53

	Boundary
	Clear

	Texture (slightly soft/medium/slightly dense)
	65/6/18

	Hemorrhage or necrosis (Y/N)
	60/89

	Fat lesions (Y/N)
	23/46

	Cystic degeneration (Y/N)
	16/98






Table 5 Immunohistochemistry markers of hepatic epithelioid angiomyolipoma
	Markers
	Positive/weakly positive/negative (+/±/-)
	Positive rate

	HMB45
	219/2/5
	97.35%

	S-100
	19/5/63
	24.71%

	SMA
	128/15/32
	77.43%

	MSA
	4/10/1
	60%

	Actin
	32/1/5
	85.53%

	Melan-A
	91/1/22
	80.70%

	CD31
	2/0/2
	50%

	CD34
	38/0/34
	52.78%

	CD68
	2/6/5
	33.33%

	CD117
	0/0/13
	0%

	Vimentin
	23/11/17
	55.88%

	Kpan
	0/0/101
	0%

	HepPar-1
	0/0/52
	0%

	MAC387
	6/0/0
	100%

	EMA
	0/0/30
	0%

	Desmin
	0/20/30
	20%

	MART-1
	24/0/1
	96%

	CEA
	1/0/9
	10%

	AFP
	0/1/66
	0.75%

	MPO
	0/1/1
	25%

	p53
	0/0/9
	0%

	E-cadherin, b-cadherin
	0/1/4
	10%

	pp70S6K
	1/2/1
	50%

	MyoD1
	2/2/1
	60%


HMB45: Human melanoma black 45; SMA: Smooth muscle actin; MSA: Muscle specific actin; Melan-A: Melanoma antigen; EMA: Epithelial membrane antigen; CEA: Carcino-embryonic antigen; AFP: Alpha fetoprotein; MPO: Human myeloperoxidase.
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