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Clinicopathological correlation and post-resection 
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Backgrounds/Aims: Angiomyolipoma is a rare neoplasm of mesenchymal origin derived from perivascular epithelioid 
cells. Due to rarity, hepatic angiomyolipoma (HAML) has been often misdiagnosed as hepatocellular carcinoma (HCC) 
or other hypervascular liver tumors based on imaging studies. This study investigated the clinicopathological correlation 
and post-resection outcomes of HAML. Methods: This retrospective observational study included 40 patients who un-
derwent hepatic resection (HR) for HAML between 2008 and 2018. Results: Mean age of the patients was 42.6±11.4 
years and there were 30 (75.0%) females. Hepatitis B and C virus infection was present in 8 patients (20.0%) and 
1 patient (2.5%), respectively. Preoperative diagnoses on imaging studies were HCC in 23 (57.5%) patients, HAML 
in 14 (35.0%) patients, focal nodular hyperplasia in 2 (5.0%) patients, and hepatic adenoma in 1 (2.5%) patient. 
Percutaneous liver biopsy was performed in 10 (25.0%) patients and HAML was diagnosed in all patients. Only 3 
patients (7.5%) showed a slight elevation in the level of liver tumor markers. Major HR was performed in 10 (25.0%). 
Laparoscopic HR was performed in 9 (22.5%). The mean tumor size was 4.8±3.9 cm and single tumor was present 
in 38 (95.0%) patients. Currently, all the patients are alive without tumor recurrence during the follow-up observation 
period of 75.7±37.3 months. Conclusions: HAML is a rare form of primary liver tumor and is often misdiagnosed as 
HCC or other hypervascular tumors. Although HAML is benign in nature, it has malignant potential, thus resection 
is indicated if the tumor grows or malignancy cannot be excluded. (Ann Hepatobiliary Pancreat Surg 2021;25:215-220)
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INTRODUCTION

Various types of primary tumors can develop in the liv-

er, ranging from benign to malignant lesions with differ-

ent cell origins. Hepatocellular carcinoma (HCC) and in-

trahepatic cholangiocarcinoma are the most common pri-

mary liver malignancies, but there is a wide range of rare 

liver tumors that require a differential diagnosis from 

these common hepatic malignancies.

In 2002, perivascular epithelioid cell tumors (PEComas) 

were classified as an independent entity according to the 

World Health Organization (WHO).1 The family of PEComas 

includes angiomyolipoma of the kidney and extra renal 

sites, clear cell sugar tumor of the lung and extra-pulmo-

nary lymphangioleiomyomatosis, clear cell myomelanocytic 

tumor of the falciform ligament, and PEComa not other-

wise specified. PEComas are very rarely diagnosed in 

anatomical locations other than the kidney and lung.2

Angiomyolipoma, which is a rare neoplasm of mesen-

chymal origin, is derived from perivascular epithelioid 

cells. This lesion is frequently detected in the kidney, with 

an incidence of 0.3% in the general population, and ac-

counts for 3% of the renal masses.3 It is very rarely identi-

fied in the liver, thus there exists only a small number 

of available case series and reports in the literature.3-6 We 

have previously reported a series of 23 cases of hepatic 

angiomyolipoma (HAML).6

Recently, there has been an increase in the diagnosis 
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of HAML, primarily due to the frequent routine screening 

imaging studies for liver malignancy and the recent devel-

opments in imaging studies.7 However, it is still difficult 

to diagnose HAML through imaging studies, thus patho-

logical confirmation is essential to diagnose HAML through 

immunohistochemical staining studies after percutaneous 

liver biopsy or hepatic resection (HR).

In the present study, we investigated the clinicopatho-

logical correlation and post-resection outcomes of 40 pa-

tients who underwent HR for HAML in our institution.

MATERIALS AND METHODS

Patients

The primary liver cancer database at our institution was 

extensively searched to identify patients diagnosed with 

HAML after HR. We identified 40 patients over a 11-year 

period from January 2008 to December 2018. During this 

study period, 12,854 cases of HR were performed for pa-

tients with various diseases in our institution;8 therefore, 

40 cases of HAML comprised approximately 0.3% (40 of 

12,854) of all HR cases.

The medical records of the patients were retrospectively 

reviewed following the approval of the Institutional 

Review Board at our institution (IRB No. 2019-1347), 

which waived the requirement for informed consent due 

to the retrospective nature of this study. This study was 

performed in accordance with the ethical guidelines of the 

World Medical Association Declaration of Helsinki 2013. 

The patients were followed up until August 2020 based 

on the medical record review and with the assistance of 

the National Health Insurance Service.

Preoperative evaluation, surgical procedures, 

and postoperative follow-up

Routine preoperative evaluation for primary liver tu-

mors has been described elsewhere.9 In general, the HR 

patients with benign or borderline malignancy were fol-

lowed up every 3-6 months during the first year after sur-

gery and every 4-12 months thereafter.10-13

Pathological diagnosis

Formalin-fixed paraffin-embedded tissue samples were 

immunohistochemically stained with antibodies to human 

melanoma black‑45 (HMB45), smooth muscle actin (SMA), 

and various other markers. The morphologic features and 

immunohistochemical profile for diagnosis of HAML are 

based on the 2010 WHO classification of the liver tumors.14

Statistical analysis

Numeric data are presented as means and standard de-

viation or as median and range. As there was no case of 

tumor recurrence, survival analysis was not performed. A 

p-value ＜0.05 was regarded as statistically significant. 

Statistical analyses were performed using SPSS version 22 

(IBM, New York, NY).

RESULTS

Patient demographics and preoperative 

diagnosis

The mean age of the patients was 42.6±11.4 years. 

There were 30 (75.0%) female patients and 10 (25.0%) 

male patients. Hepatitis B virus (HBV) infection was pres-

ent in 8 (20.0%) patients, and one (2.5%) patient had hep-

atitis C virus infection.

The initial clinical manifestations were abdominal pain 

or discomfort (n=9), fatigue (n=2), and fever (n=1). The 

other 28 patients (70.0%) had no specific symptoms and 

the liver mass was detected incidentally on routine health 

screening. One patient had undergone kidney transplan-

tation 17 years before.

The preoperative diagnoses on imaging studies were 

HAML in 14 (35.0%) patients (Fig. 1), HCC in 23 (57.5%) 

patients (Fig. 2), focal nodular hyperplasia in 2 (5.0%) pa-

tients, and hepatic adenoma in 1 (2.5%) patient. Two pa-

tients had undergone transcatheter arterial chemoemboli-

zation under the clinical diagnosis of HCC.

Percutaneous liver biopsy was performed in 10 patients 

with an initial diagnosis of HAML (n=4), HCC (n=3), fi-

brous nodular hyperplasia (n=2), and hepatic adenoma 

(n=1) and HAML was pathologically diagnosed in all pa-

tients who had undergone liver biopsy. Five patients were 

observed for 1 to 7 years after liver biopsy, and finally 

they underwent HR due to progressive tumor growth. The 

final preoperative diagnoses for HR were HAML in 20 

(50.0%) patients and HCC in 20 (50.0%) patients.

The mean and median levels of preoperative alpha-feto-

protein (AFP; reference: 7.5 ng/ml) were 4.0±10.9 ng/ml 

and 2.1 ng/ml, those of protein induced by Vitamin K ab-
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Fig. 1. Preoperative computed 
tomography findings and gross 
photographs of the surgical spe-
cimens of patients with a clini-
cal diagnosis of hepatic angio-
myolipoma. (A) A 17 cm-sized 
large mass was presented with 
abdominal discomfort as a result 
of compression symptoms. (B) 
A 8.4 cm-sized mass was detect-
ed at routine follow-up imaging 
studies following kidney trans-
plantation. (C) A 2.7 cm-sized 
mass was detected at the rou-
tine health screening.

Fig. 2. Preoperative computed 
tomography findings and gross 
photographs of the surgical spe-
cimens of patients with a clini-
cal diagnosis of hepatocellular 
carcinoma. (A) A 8 cm-sized 
mass was detected at the rou-
tine health screening. (B) A 8 
cm-sized mass was presented 
with abdominal discomfort. (C) 
A 4 cm-sized mass was detect-
ed at the routine health screening.

sence or antagonist-II (PIVKA-II; reference: 40 mAU/ml) 

were 20.1±7.5 mAU/ml and 18 mAU/ml, and those of 

carbohydrate antigen 19-9 (CA19-9; reference: 37 ng/ml) 

were 12.3±16.2 ng/ml and 8.1 ng/ml, respectively. Two 

patients showed slightly elevated AFP levels (64.9 ng/ml 

and 8.6 ng/ml, respectively) and one patient showed con-
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currently elevated PIVKA-II (48 mAU/ml) and CA19-9 

(94.5 ng/ml) levels. The remaining 37 patients (92.5%) 

showed no elevation in preoperative AFP, PIVKA-II and 

CA19-9 levels.

Outcomes after hepatic resection

The indocyanine green retention test at 15 minutes 

yielded a mean value of 10.1±4.1%. Four patients (10.0%) 

underwent preoperative portal vein embolization for right 

hepatectomy. The extent of hepatic resection comprised of 

right hepatectomy (n=6 [25.0%]), left hepatectomy (n=2 

[5.0%]), central bisectionectomy (n=2 [5.0%]), right ante-

rior sectionectomy (n=2 [5.0%]), right posterior sectionec-

tomy (n=2 [5.0%]), left lateral sectionectomy (n=3 [7.5%]), 

left medial sectionectomy (n=1 [2.5%]), and segmentec-

tomy/partial hepatectomy (n=18 [45.0%]). Laparoscopic 

HR was performed in 9 patients (22.5%). All operations 

were regarded as macroscopic curative resection with tu-

mor-negative resection margins. None of our patients ex-

perienced major surgical complications that required any 

intervention or re-exploration.

The mean and median tumor sizes were 4.8±3.9 cm and 

3.5 cm, respectively. Only 2 (5.0%) patients had two tu-

mors and the other 38 (95.0%) patients had a single tumor. 

The location of the tumor was the right liver in 30 

(75.0%) patients and the left liver in 10 (25.0%) patients. 

Immunohistochemical staining exhibited positive findings 

for HMB45 in all 40 patients and SMA in all of 30 

patients.

Currently, during the follow-up observation period of 

75.7±37.3 months (range, 21-149 months), all the patients 

are alive without recurrence of HAML. 

DISCUSSION

HAML is a rare liver tumor of mesenchymal origin. In 

the present study, the majority of patients were diagnosed 

with or suspected of HCC based on the imaging studies 

owing to hypervascularity of the tumor and half of pa-

tients underwent HR under the final preoperative diag-

noses of HCC. HAML is usually asymptomatic unless 

nonspecific abdominal pain or discomfort develops due to 

the growth of tumor. As a result, the majority of HAML 

lesions have been incidentally identified in liver imaging 

studies during health screening tests.

The features of HAML in imaging studies are asso-

ciated with the histological components of the tumor. 

Most of the tumors were devoid of adipose tissue, thus 

fat attenuation was rarely observed in computed tomog-

raphy and magnetic resonance imaging studies.15,16 Mean-

while, nearly all the tumors are markedly enhanced in the 

arterial phase, thus they are visualized as hypervascular 

tumors.17 There are two types of enhancement patterns in 

the portal venous/delayed phase: lesions with abundant 

central vessels exhibiting a rapid contrast decrease or le-

sions with small or no vessels demonstrating prolonged 

enhancement.17,18 In addition, most of the tumors ex-

hibited significantly reduced contrast enhancement in the 

portal venous and delayed phases.15

So far, there is no specific imaging technique or imag-

ing finding that can discern HAML from other liver 

tumors. Consequently, the majority of HAML has been di-

agnosed with HCC or other hypervascular tumors until 

pathological diagnosis with percutaneous liver biopsy or 

HR.4,15 In the present study, all 9 patients with HBV or 

hepatitis C virus infection were preoperatively diagnosed 

with HCC and none of them underwent preoperative liver 

biopsy.

HAML is finally diagnosed only after the outcomes of 

the pathological studies. Histologically, these tumors com-

prise of aggregates and sheets of mature adipose tissue, 

tortuous thick-walled vessels, and perivascular muscle cell 

proliferation. The epithelioid concept is applicable when 

1 of the 3 components of these tumors, particularly the 

smooth muscle cells, has a rounded or polygonal appear-

ance, with a large round nucleus, prominent nucleoli, and 

abundant eosinophilic cytoplasm. Such perivascular epi-

thelioid cells are one of the diagnostic clues.3

In the present study, percutaneous liver biopsy was per-

formed in 10 patients under the clinical diagnosis of 

HAML, HCC, fibrous nodular hyperplasia or hepatic ad-

enoma, and HAML was pathologically diagnosed in all 

patients who had undergone liver biopsy. Although percu-

taneous liver biopsy led to the correct diagnosis of hepatic 

AML in the present study, previously it has been reported 

that correct diagnosis of this condition through needle bi-

opsy is difficult due to the heterogeneous appearance of 

HAML.19

HAML is a benign disease. Nevertheless, it is difficult 

to discern HAML from various malignant hepatic lesions. 
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Thus, hepatic tumors mimicking HCC or other hyper-

vascular tumors as well as tumors showing progressive 

growth are reasonably indicated for surgical treatment. 

Surgical resection is the only potentially curative treat-

ment for primary PEComas.20 In practice, surgical re-

section is the only accepted treatment for patients with 

large or multiple tumors with malignant potential.21,22 A 

case of liver transplantation due to tumor recurrence fol-

lowing HR has previously been reported in the literature.23

On the contrary, an asymptomatic small tumor diag-

nosed with HAML through percutaneous needle biopsy is 

usually not indicated for surgical resection. However, 

HAML should be regularly followed up lifelong as this 

tumor can grow and induce compressive symptoms, tumor 

rupture and malignant transformation.20,24,25 Conservative 

treatment has been recommended for patients with tumors 

smaller than 5 cm; HAML diagnosed by percutaneous 

needle biopsy; good compliance for long-term follow-up 

study.26

The present study had limitations of note. This is a ret-

rospective, single-center observation study with a rela-

tively small number of patients. Thus, multi-center studies 

are necessary to collect more cases. The follow-up ob-

servation period was not sufficiently long to evaluate the 

lifelong risk of tumor recurrence or malignant transfor-

mation.

In conclusion, HAML is reported as a rare primary liv-

er tumor. It is often misdiagnosed as HCC or other hyper-

vascular hepatic tumors. This disease is benign in nature, 

but the definite diagnosis is not possible with current 

imaging studies and there exists a risk of malignant trans-

formation during long-term follow-up. Therefore, close 

observation is recommended for most of the biopsy-pro-

ven small HAMLs, but surgical treatment is indicated un-

der conditions of progressive growth of the tumor or ex-

clusion of hepatic malignancy.
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