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Abstract
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Background and Aims: Hepatic angiomyolipoma (HAML) is a rare benign liver tumor that can be
difficult to distinguish from other benign and malignant liver tumors. The clinical diagnosis is
challenging, and the treatment strategies and prognosis remain unclear. This study was performed to
explore the clinical, imaging, and pathological characteristics, as well as the treatment strategies and
prognosis of HAML, to provide a reference for its clinical diagnosis and treatment.

Methods: The clinical, pathological, imaging, and follow-up data of 46 cases of HAML treated in the
Department of Hepatobiliary and Pancreatic Surgery of the Second Xiangya Hospital of Central South
University from January 2012 to December 2023 were retrospectively analyzed.

Results: Among the 46 HAML patients, 12 were male (26.1%) and 34 were female (73.9%), with an age
range of 20 to 70 years (median age of 46 years). Twenty-nine cases were asymptomatic at onset,
17 presented with abdominal discomfort, 6 had concurrent hepatitis B, and 7 had concurrent renal
angiomyolipoma (RAML). No cases were associated with tuberous sclerosis. Tumor markers (AFP,
CEA, CA19-9, and abnormal prothrombin II) were not significantly abnormal. Based on clinical data
from 4 HAML patients, the average growth rate of HAML was 0.46 cm/year, with a median growth rate
of 0.39 cm/year. Imaging characteristics were diverse, with the accuracy rates of preoperative imaging
diagnosis of HAML being 3.8% for ultrasound, 34.1% for CT, and 40.9% for MRI. Among the
46 samples, 26 cases (56.5%) had left liver lesions, 18 cases (39.1%) had right liver lesions, and 2 cases
(4.3%) had caudate lobe lesions. One case had multiple lesions confined to the left liver, and the
remaining 45 cases had single lesions. Tumor diameters ranged from 1 to 15 cm, with a median diameter
of 4.3 cm. Pathological results indicated that 41 cases were benign, while 5 cases were malignant;
10 cases were epithelioid HAML. Immunohistochemistry showed 100% positivity for HMB-45 and
Melan-A, 95.1% for SMA, 89.7% for CD34, and 54.5% for S-100. Follow-up ranged from 0.25 to
12 years, with 16 cases lost to follow-up. One case recurred 19 months after the operation and 2 years
later died of lung adenocarcinoma (confirmed by postoperative pathology at our center), and another
case died of lung cancer 5 years after the operation (confirmed by pathology at an external hospital).
Both deaths were unrelated to HAML. The remaining 28 patients were healthy with no recurrence or
metastasis.

Conclusion: HAML predominantly occurs in middle-aged women, often without apparent symptoms,
and grows slowly, making it prone to misdiagnosis through imaging. Pathological diagnosis is the gold
standard for HAML, with HMB-45 and Melan-A positivity being specific indicators. The majority of
HAML cases are benign, with a minority being malignant. Overall prognosis is good, but epithelioid and
malignant HAML have a risk of recurrence, warranting active follow-up. Surgical resection is an
effective treatment for HAML.

Liver neoplasms; Angiomyolipoma; Prognosis
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Figure 1 Age distribution of the 46 HAML patients
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Figure 3 Imaging and pathological characteristics of classic HAML A-D: CT images of axial plain scan, and enhanced

arterial phase, venous phase, and delayed phase scans, respectively, and a mixed-density nodule in liver segment S2 (red
arrow) is visible, showing both fat and soft tissue density, with marked enhancement of the soft tissue component on the
enhanced scan; E: Postoperative gross specimen, the S2 section shows two nodules, both gray-white to gray-yellow and
fish-flesh-like in appearance, the larger nodule measures 2.2 cm x 2.0 cm x 1.5 cm, adjacent to the liver capsule, suggesting
HAML, the smaller nodule measures 1.0 cm x 0.7 cm x 0.5 cm, located 0.3 ¢cm from the liver capsule, and nodules in S4
and S6 are both neuroendocrine tumors (G1 grade); F: HE staining of the large nodule in S2 (x100), microscopically, the
tumor tissue comprises fat tissue, blood vessels, and epithelioid, oval-shaped cells, and combined with
immunohistochemistry, the findings are consistent with HAML; G: Immunohistochemical staining of tumor cells in the
large nodule in S2 shows HMB-45 positivity (x100); H: Immunohistochemical staining of tumor cells in the small nodule
in S2 shows CgA positivity (x100)
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Figure 4 Imaging and pathological characteristics of classic HAML A-D: CT images of axial plain scan, and enhanced

arterial phase, venous phase, and delayed phase scans, respectively, a roundish, slightly hypodense lesion (red arrow) is
visible in liver segment S4, measuring approximately 89 mm x 83 mm, the lesion contains fat components and shows
heterogeneous enhancement on the enhanced scan, with significant persistent enhancement in the soft tissue areas but not in
the fat components, and in the arterial phase, the tumor is supplied by both the left and right hepatic arteries; E-F: HE
staining of HAML, Microscopically, cyst-like wall structures and fibrous tissue proliferation are observed, with spindle and
short spindle cell proliferation at the periphery, and focal areas of fat-like tissue (x100); G: Immunohistochemical staining
of tumor cells shows Melan-A positivity (x100); H: Immunohistochemical staining of tumor cells shows HMB-45
positivity (x100)
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Figure 5 Imaging (preoperatively misdiagnosed as hepatic adenoma) and pathological characteristics of myomatous HAML

A-D: CT images of axial plain scan, and enhanced arterial phase, venous phase, and delayed phase scans, respectively,
a roundish, slightly hypodense lesion (red arrow) is visible in the left lobe of the liver. The lesion shows uniform,
significant enhancement in both the arterial and venous phases, and clearing in the delayed phase; E: Postoperative gross
specimen (a single tumor in the left liver), measuring 7.0 cm X 5.5 cm X 3.0 cm, located near the liver capsule. The cut
surface is gray-white with some attached liver tissue; F: HE staining (x40), microscopically, tumor cells are seen infiltrating
the surrounding liver tissue, with significant atypia, visible nucleoli, giant tumor cells, coagulative necrosis, and infiltrative
growth. These features suggest malignant angiomyolipoma; G: Immunohistochemical staining of tumor cells shows HMB-

45 positivity (x100); H: Immunohistochemical staining of tumor cells shows Melan-A positivity (x100)
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Figure 6 Imaging (misdiagnosed as hepatocellular carcinoma before surgery) and pathological characteristics of myomatous
HAML A-D: CT images of axial plain scan, and enhanced arterial phase, venous phase, and delayed phase scans,
respectively, a mixed-density mass (red arrow) approximately 106 mm x 87 mm is visible in the right lobe of the liver, with
unclear boundaries, the enhanced scan shows heterogeneous enhancement in the arterial phase, persistent enhancement in
the venous phase, and partial decrease in enhancement in the delayed phase, multiple new blood vessels are visible within
the mass. Most of the lesion has clear edges, but the boundary with the gallbladder is unclear; E-F: HE staining (x100), the
tumor is composed of numerous fat cells, blood vessels, and round cells, and tumor cells have abundant cytoplasm,
appearing red or clear, with focal mild atypia; G: Immunohistochemical staining of tumor cells shows Melan-A
positivity (x100); H: Immunohistochemical staining of tumor cells shows HMB-45 positivity (x100)
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Figure 7 Imaging and pathological characteristics of lipomatous HAML A-D: CT images of enhanced plain, arterial phase,

venous phase, and delayed phase scans, respectively, a slightly lobulated mass (red arrow) is visible in liver segments S5
and S8, measuring approximately 6.3 cm x 5.1 cm x 5.7 cm, the mass has clear boundaries and relatively uniform density,
with a CT value of about -86 HU, and o enhancement is observed, but small blood vessels are visible within the
lesion; E: Postoperative gross specimen of fragmented tissue, with a gray-yellow, soft cut surface; F: HE staining (x100),

microscopically, the lesion consists entirely of blood vessels and fat tissue
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Figure 8 Imaging and pathological characteristics of angiomatous HAML

A-D: CT images of axial plain scan (A), and

enhanced arterial phase, venous phase, and delayed phase scans, respectively, a linear high-density lesion is visible under

the capsule in the left lobe of the liver, with multiple roundish low-density lesions of varying sizes within the liver

parenchyma, the largest lesion is located at the junction of liver segments S7 and S8 (red arrow), measuring approximately

8.0 cm x 6.8 cm X 7.0 cm, the lesion has relatively clear edges, and in the early phase of the enhanced scan, the lesions

show heterogeneous, marked enhancement, followed by further centripetal filling, presenting a "fast in, slow out"

enhancement pattern; E: HE staining (x100), Microscopically, hepatocytes show hydropic degeneration, with small areas of

necrosis, focal regions of fibrous vascular proliferation, and some cells with enlarged nuclei; F: Immunohistochemical

staining of tumor cells shows HMB-45 positivity (x100)
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Figure 9 Gross and microscopic appearance and immunohistochemical features of epithelioid HAML
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A: Postoperative
gross specimen from a middle liver lobectomy showing a tumor measuring 9 cm x 9 cm x 3.2 cm, with a gray-yellow, soft,
fish-flesh-like cut surface; B: HE-stained image of the liver tumor (x100); C: HE-stained image of the liver tumor (x200),
showing numerous epithelioid clear cells and eosinophilic cells; D: Immunohistochemical staining of the liver tumor shows
Melan-A positivity (x100); E: HE-stained image of a moderately differentiated lung adenocarcinoma 10 months
postoperatively (x100); F-H: HE-stained image of a liver biopsy performed 19 months postoperatively after
recurrence (x100), microscopically, there is proliferation of large polygonal cells with abundant red cytoplasm, resembling
epithelioid cells, with focal perivascular growth, the nuclei are enlarged with intranuclear inclusions, tumor cells show
HMB-45 positivity and Melan-A positivity on immunohistochemical staining (x100)
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