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Angiomyolipoma (AML) is a rare benign tumor that
occurs most commonly in the kidney. Occasionally
it may be found in the liver. Lesions in the liver are
usually solitary. Multiple AMLs are extremely rare
and are typically seen in patients with tuberous
sclerosis. We now report an unusual case of a 46-
year-old woman with multiple hepatic AMLs. There
were more than 15 lesions distributed predomi-
nantly in the right hepatic lobe. The tumors ranged
from 0.2 to 6 cm in size and consisted of a variable
admixture of proliferating blood vessels, adipose
tissue, and smooth muscle. There was no clinical
evidence of tuberous sclerosis in this patient. Poly-
merase chain reaction amplification of the highly
polymorphic human androgen receptor gene (HU-
MARA) was performed and the pattern of X chro-
mosome inactivationwas analyzed. Three of the five
representative AML nodules showed a preferential
loss of one of the two HUMARA alleles indicating a
clonal proliferation with involvement of different
alleles. Histologic examination of the corresponding
lesions showed clonal lesions to be predominantly
composed of epithelioid myoid cells while the poly-
clonal lesions were predominantly composed of ad-
ipose tissue. While the histologic diagnosis of AML
in a surgical resection specimen is often straightfor-
ward, the radiographic, cytologic and intra-
operative interpretation of a case with multiple le-
sions presents a considerable challenge.
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Ishak first described angiomyolipoma (AML) in
1976 as a rare benign mixed mesenchymal tumor of
the liver (1). Like its more commonly encountered
renal counterpart, AML of the liver consists of a
variable admixture of three histologic components,
namely blood vessels, smooth muscle and adipose
tissue. More than 80 cases of hepatic AMLs have
been reported and their clinicopathologic features
have been well described (2–9). Most hepatic AMLs
are solitary tumors. Multiple AMLs are uncommon
and usually occur in tuberous sclerosis patients (2,
10, 11). There have been only two reported cases of
multiple hepatic AMLs in patients without tuberous
sclerosis (12, 13); both patients were Japanese and
each had only two hepatic lesions. To the best of
our knowledge, cases with more than two AMLs of
the liver in patients without tuberous sclerosis have
not been reported to date. We now describe a case
of a 46-year-old woman without any evidence of
tuberous sclerosis and with more than 15 hepatic
AMLs involving the right hepatic lobe at
presentation.

CASE REPORT

Clinical History and Presentation
The patient is a 46-year-old white woman who

had been found to have liver masses 5 years previ-
ously in 1995 during a preoperative evaluation of an
ovarian mass. She subsequently underwent total
abdominal hysterectomy with bilateral salpingo-
oophorectomy for this large ovarian mass, which
was found to be an endometrioma She had had
thyroidectomy 20 years earlier for a papillary carci-
noma of the thyroid. CT scan and MRI revealed at
least six masses located in the right lobe of the liver
(Fig. 1). The largest lesion measured 4 cm in great-
est dimension while the remaining lesions ranged
from less than 1 cm to 2.2 cm. The smaller four
lesions were located superficially at the dome of the
right lobe and the rest were deeper within the he-
patic parenchyma. The lesions were hypointense
on T1 weighted images and hyperintense on T2
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weighted images. The larger lesions were mildly
heterogeneous in signal intensity. The remaining
hepatic parenchyma was unremarkable. The differ-
ential diagnoses considered were multiple hepatic
adenomata and hepatocellular carcinoma. Focal
nodular hyperplasia was ruled out with an hepatic
HIDA scan.

The patient was entirely asymptomatic with nor-
mal liver enzyme levels and no clinical or labora-
tory findings to suggest underlying chronic liver
disease. She admitted using oral contraceptives
from age 18 to 22. A fine needle aspiration (FNA) of
the lesions was performed yielding abundant cyto-
logical material that was interpreted as benign
hepatocytes. Given the relative stability of the le-
sions a benign diagnosis was favored, and the pa-
tient was managed conservatively by periodic MRI
to assess the growth of these lesions. Over the next
31/2 years, the largest lesion increased to 5.7 cm in
the greatest dimension. Of particular concern was
the location of this lesion immediately posterior to
and abutting the inferior vena cava. The patient
underwent right hepatic lobectomy. Frozen section
performed during surgery was interpreted as sug-
gestive of a hepatocytic neoplasm however, the fi-
nal diagnosis was deferred to permanent sections.
Intraoperative ultrasound examination showed no
lesions in the left lobe however, MRI performed 5
months after the surgery showed three enhancing
lesions (each less than 1 cm) in the medial and
lateral aspects of the left hepatic lobe.

Pathologic Findings

Gross
The right hepatic lobectomy specimen weighed

780 grams and measured 20 � 12 � 7 cm. Serial

sectioning of the specimen revealed multiple poorly
circumscribed, unencapsulated, nodular, yellow to
tan lesions ranging from 0.2 to 6 cm in greatest
dimension (Fig. 2). At least 15 lesions were identi-
fied grossly. Five were greater than 3 cm in diame-
ter and showed varying degrees of hemorrhage. The
largest lesion measured 6 � 4 � 4 cm, was sub-
capsular in location and extended to the resection
margin grossly. This lesion showed extensive hem-
orrhage and focal necrosis. The smaller lesions had
a more yellow-tan and fatty appearance. The sur-
rounding liver parenchyma was unremarkable, and
there was no evidence of cirrhosis.

Histopathology
The lesions were unencapsulated and had an in-

filtrating border into the adjacent hepatic paren-
chyma. They were composed of a variable propor-
tion of adipose tissue, thick walled vessels and
smooth muscle. Some of the smaller lesions dem-
onstrated a typical histology with good admixture
of all three components(Fig. 3A). In the typical le-
sions the smooth muscle component had a spindle
cell morphology however, in many lesions, the
smooth muscle cells showed epithelioid features
simulating hepatocytes. In fact, some of the larger
lesions were predominantly composed of such ep-
ithelioid myoid cells arranged in diffuse sheets (Fig.
3B). The epithelioid myoid cells were polygonal in
shape, focally showed trabecular arrangement and
contained pale eosinophilic granular cytoplasm. In
many cells the cytoplasm showed peripheral clear-
ing with radiating strands of cytoplasm sticking to
the nucleus producing a “spider cell” appearance.
Hyaline cytoplasmic globules and intranuclear cy-
toplasmic pseudo-inclusions were present in many
cells. Moderate nuclear pleomorphism, prominent
nucleoli and rare mitotic figures were also identi-
fied. Review of the FNA slides revealed that most of

FIGURE 1. The MRI showing hypointense lesions predominantly in
the right hepatic lobe.

FIGURE 2. Gross photograph of the liver showing three different
lesions. The smaller one shows a predominant component of adipose
tissue while the two larger ones that were composed of a predominant
myoid component show varying degrees of hemorrhage.
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the cells initially interpreted as “benign hepato-
cytes” were in retrospect the epithelioid myoid cell
component of the AML. Foci of extramedullary he-
matopoiesis, varying degree of hemorrhage, nu-
merous hemosiderin-laden macrophages and occa-
sional fibrin thrombi were seen in many of the
lesions. The surrounding hepatic parenchyma
showed patchy mild steatosis and focal nonspecific
portal triaditis. Immunostains performed on the
resection specimen demonstrated the epithelioid
myoid cells to be strongly positive for HMB45 (1:
400; DAKO, Carpinteria, CA), and negative for ker-
atin AE1/3 (1:2400, Boehringer Mannheim, India-
napolis, IN), CAM5.2 (1:20; Becton Dickinson, San
Jose, CA) and desmin (1:2000; DAKO, Carpinteria,
CA). Focal and weak area of positive staining for
vimentin (1: 10; Biognex, San Vermont, CA) and
smooth muscle actin (1;10000; Sigma, St. Louis,
MO) was found in the epithelioid myoid cells. The
vascular smooth muscle and focally the spindle
smooth muscle component of the AMLs was
strongly immunoreactive for smooth muscle actin,
vimentin and desmin.

Electron microscopy demonstrated presence of
many mitochondria, abundant rough endoplasmic
reticulum, glycogen and rare premelanosome like
structures in the cytoplasm of the epithelioid myoid
cells. Tight junctions and basal lamina were iden-
tified. Thick filaments were not seen in the epithe-
lioid myoid cells.

Clonality Analysis
As the patient is female, we were provided with

an unique opportunity to perform clonality assays
on the hepatic AMLs by examining the pattern of X
chromosome inactivation. Polymerase chain reac-
tion (PCR) amplification of the highly polymorphic
human androgen receptor gene (HUMARA) was
performed using methylation-sensitive restriction
enzyme, HhaI (14–16). The DNA was extracted
from 10 �m thick sections representative of various
lesions as well as adjacent non-neoplastic liver ob-
tained from formalin fixed paraffin embedded tis-
sue. The amplification product was electropho-
resed through a 11% agarose gel (Fig. 4). Three of

FIGURE 3. A, Low magnification showing two small adjacent angiomyolipomata demonstrating typical histology. B, Higher magnification from one
of the larger lesions showing predominant myoid component with spindle cell morphology. C, Higher magnification from one of the larger lesions
showing predominant myoid component with epithelioid cell morphology.
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the five AML nodules showed a preferential loss of
one of the two HUMARA alleles indicating a clonal
proliferation. Different alleles were involved in
these three lesions. The fast moving allele was in-
volved in two of the lesions (Fig. 4, no. 1 and 5),
while the slower moving allele was involved in an-
other lesion (Fig. 4, no. 3), as seen on the gel. These
results suggest that these tumors originated inde-
pendently and did not represent intrahepatic
spread from a single original clone. Histologic ex-
amination revealed that the clonal lesions were pre-
dominantly composed of epithelioid myoid cells
while the polyclonal lesions were predominantly
composed of adipose tissue.

DISCUSSION

Angiomyolipoma of the liver is an extremely rare
benign tumor (1–9). Although the radiologic, histo-
logic, immunohistochemical and ultrastructural
features are well described in the literature, the
lesions are frequently misdiagnosed. This is often
due to a lack of familiarity with the wide clinico-
pathologic spectrum of these rare lesions.

The association of these tumors with tuberous
sclerosis is well established and bilateral or multiple
renal AMLs are often associated with tuberous scle-
rosis (40%) (17). The incidence of tuberous sclerosis
with hepatic AML is only about 6 to 10% (2, 18) and
the majority of the hepatic lesions are solitary. Truly
multiple AMLs (more than two lesions) along with
multiple renal AMLs have only been described in
patients with tuberous sclerosis (2, 10, 11). Two
patients, each with two hepatic AMLs, have been
reported from Japan without any clinical evidence
of tuberous sclerosis (12, 13). This is the first report
of a patient with multiple hepatic AMLs without
neurologic manifestations or any radiologic fea-
tures suggestive of tuberous sclerosis.

On MRI studies, the fatty component of AML
usually demonstrates increased intensity on T1-
weighted images. The MRI evaluation of our case
demonstrated the heterogeneity in one of the larger
lesions with low intensity signal on T1-weighted
images and high signal on T2-weighted images.

These findings suggested the presence of central
necrosis. Due to increasing size and its unusual
presentation the possibility of AML was not consid-
ered. Even the FNA and the intra-operative frozen
sections from this lesion which were composed
predominantly of the epithelioid myoid cell com-
ponent were misinterpreted as ‘hepatocytic lesion.“

The clinical differential diagnosis of hepatic AML
often includes lipoma, hemangioma, focal nodular
hyperplasia, hepatic adenoma and hepatocellular
carcinoma. AMLs are usually slow growing and can
be followed conservatively. Rapid change in size
and composition has only rarely been documented
in hepatic AML, and could result from intratumoral
hemorrhage, necrosis or actual proliferation of the
tumor cells (19). In any given case this could easily
raise concern leading to a surgical resection. In our
case there was evidence of enlargement of the le-
sions during the three and a half-year period before
the resection. Histologic examination revealed an
absence of significant mitotic activity, suggestive of
a slow rate of proliferation and raising the possibil-
ity that the increase in size was secondary to intra-
tumoral hemorrhage The presentation of hemor-
rhage or necrosis in an AML is itself an extremely
uncommon phenomenon and presents another po-
tential source of confusion with more aggressive
neoplasms (2).

Angiomyolipoma exhibit a wide histologic spec-
trum and increasing awareness of the diverse clin-
icopathological presentation of these lesions is nec-
essary if surgical resection is to be avoided (20–22).
Features that could lead to misinterpretation of
AMLs have been discussed in an excellent paper by
Tsui et al. (2). In our case, features that were mis-
leading both on the frozen section and the FNA
were: 1) sampled areas were composed predomi-
nantly of epithelioid myoid cells, 2) the polygonal
shape and cytoplasmic clearing of the epithelioid
myoid cells simulated hepatocytes, 3) cytoplasmic
hyaline globules similar to those often seen in
hepatocytic neoplasms were present in epithelioid
myoid cells, and 4) presence of adipose tissue in the
tumor simulated macrovesicular steatosis on frozen
section. Features helpful in making the correct di-
agnosis were 1) marked variation in the shape and
size of the epithelioid myoid cells and their nuclei
as compared to normal hepatocytes, 2) foci of spin-
dle cells admixed with epithelioid myoid cells, 3)
presence of thick walled tortuous vessels, not typi-
cally seen in hepatocytic neoplasms, 4) the lack of
an easily identifiable trabecular architecture like
that commonly seen in hepatic adenoma and well
differentiated hepatocellular carcinoma, 5) the im-
munoreactivity of the myoid component against
HMB45 and smooth muscle actin, and lack of im-
munoreactivity for keratins (AE1/AE3 and Cam5.2),
and finally 6) presence of premelanosome-like

FIGURE 4. Pattern of X-chromosome inactivation as seen by PCR
amplification of the human androgen receptor gene showing loss of
one of the alleles in three of the lesions (lanes 1, 3, and 5). A nonclonal
pattern is seen in two of the lesions (lanes 2 and 4) In each lane the
PCR before restriction enzyme digestion is designated by (�) and after
the digestion is designated by (�).
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structure in the epithelioid myoid cells on electron
microscopy.

AMLs have been regarded as hamartomas; how-
ever, clonality assays performed in a recent study of
renal AMLs has shown the myoid and the vascular
components to be monoclonal, implying a neoplas-
tic proliferation (15, 16). The adipose tissue com-
ponent of the AML was found to be polyclonal and
the authors speculate that the fat is metaplastic or a
reactive change in the neoplasm. The findings in
our case are similar in that lesions with predomi-
nant muscle components (epithelioid or spindle
cell) were found to be clonal; further supporting the
neoplastic origin of AMLs. Moreover, multiple
AMLs in our case seem to represent separate indi-
vidual clones rather than intrahepatic metastasis.

Another interesting aspect of this case is that the
lesions were restricted to the right hepatic lobe at
presentation. Postoperative follow-up 5 months af-
ter the resection revealed appearance of tiny new
lesions in the remaining left lobe. Preferential in-
volvement of only one of the hepatic lobes has been
known to occur, not only in cases of hepatic ab-
scesses but also in diffuse process like viral hepati-
tis. Differential blood flow has been implicated for
this phenomenon. Whether this explanation also
applies in this case remains a matter of speculation.

In summary, we have reported an unusual case of
multiple AML of the liver that presented diagnostic
difficulties during preoperative imaging studies,
FNA and intra-operative frozen sections. Careful
examination of the histologic, immunohistologic
and ultrastructural features was helpful in making a
correct diagnosis. This case further broadens the
wide spectrum of various clinicopathological as-
pects of AML s and provides some insight into the
pathogenesis of multiple AMLs.
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