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INTRODUCTION

Angiomyolipomas (AMLs) are predominantly found in 
the kidneys and less frequently found in extra-renal sites, 
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such as the liver and retroperitoneum [1]. Renal AML is 
one of  the most common renal benign tumors, which is 
a histologically complex mesenchymal tumor composed 
of fat cells, spindled smooth muscle cells, and dysmorphic 
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blood vessels [2]. Studies have shown that renal AML 
accounts for approximately 1% of all renal tumors. Both 
sexes are equally affected by renal AML and the mean age 
at diagnosis is 38 years [2,3]. There are two types of renal 
AML, classic AML and epithelioid AML (EAML), classified 
according to the 2004 World Health Organization (WHO) 
classification of tumors [4]. Classic renal AML is a benign 
mesenchymal tumor [2,5]. On the other hand, EAML is a 
potentially malignant mesenchymal tumor of the kidneys, 
part of the family of tumors with perivascular epithelioid 
cell dif ferentiation [1]. EAML is partially or entirely 
composed of atypical large epithelioid cells with abundant 
cytoplasm, vesicular nuclei, and prominent nucleoli [6]. It also 
exhibits a unique immuno-histochemical profile. Typically, 
EAML stains positive for melanocytic markers (Human 
Melanoma Black [HMB]-45, HMB-50, Mart-1/Melan-A, and 
microphthalmia-associated transcription factor) as well as 
smooth muscle markers (smooth muscle actin, and muscle-
specific actin) due to the presence of  epithelioid cells [3]. 
EAMLs and their relationship with classic AML were first 
reported by Martignoni et al. [7] and Mai et al. [8], who 
demonstrated the poorer clinical outcomes of EAML.

Many studies of  EAML have revealed its malignant 
potential; however, most of  these studies include only a 
few case reports, and the follow-up periods are not long 
enough. Moreover, AML is not truly malignant according 
to the WHO [9]. Therefore, knowledge of the characteristics 
and prognosis of EAML is insufficient. The primary end-
point of this study was to identify the differences in clinical 
characteristics and long-term prognosis between EAML 
and classic AML to clarify the malignant potential and 
predicting factors of  EAML. In addition, since there are 
no clinical or specific radiological criteria that characterize 
EAML, we attempted to determine the different clinical 
and radiographic features of EAML to differentiate it from 

classic AML before pathological diagnosis. 

MATERIALS AND METHODS

After receiving approval from the Institutional Review 
Board of Asan Medical Center (approval number: 2014-0498), 
the medical records of 231 patients diagnosed with classic 
AML or EAML in Asan Medical Center were reviewed from 
2000 to 2015. The patients were pathologically diagnosed as 
classic AML or EAML by nephrectomy or needle biopsy. 
The patients were recommended to perform nephrectomy 
or needle biopsy when there was increase in tumor size on 
follow-up radiographic examination, such as multiphasic 
computed tomography (CT) or ultrasonography, even 
though the tumor was considered as a benign classic AML. 
Additionally, when the formal reading of  radiographic 
examination by radiologist suggested a possibility of 
malignancy, nephrectomy or needle biopsy was performed. 
Fig. 1 shows the pathological differences between the two 
types of AML. Classic AML was defined pathologically as 
a tumor that is composed of varying proportions of smooth 
muscle cells, fat cells and vascular cells. EAML was defined 
as a tumor that is predominantly composed of epithelioid 
cells. The exact criteria of the amount or ratio of epithelioid 
cells for diagnosing EAML pathologically were not defined. 
In this study, EAML was diagnosed when the pathologic 
specimens contained a high proportion of epithelioid cells 
and characteristically stained positive for HMB-45. 

Multiphasic CT was performed for all of the enrolled 
patients. The Hounsfield unit (HU) of  the tumors on 
contrast-enhanced CT images, age, sex, size of the tumor, 
body mass index, and comorbidities were analyzed to 
determine factors that could contribute to the poor prognosis 
of EAML. The unfavorable group was defined as patients 
with recurrence, metastasis and death due to tumor pro-

Fig. 1. Histology of classic angiomyolipoma (AML) and epithelioid angiomyolipoma (EAML). (A) Classic AML composed of different proportions of smooth 
muscle cells, adipose tissue, and blood vessels (H&E, ×100). (B) EAML composed of a large number of hyperplastic epithelioid cells (H&E, ×100). (C) with 
positive staining for HBM-45 (Human Melanoma Black-45, ×100). 
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gression. The variables were compared by univariate analy-
sis and multiple logistic regression analysis to identify fac-
tors for diagnosing EAML.

RESULTS

Of the 231 patients, 27 EAML patients (11.7%) were 
identified. Table 1 shows the patient characteristics of 
patients with AML and EAML. The median age of  the 
EAML group was younger compared with that of the classic 
AML group (41.2±12.3 vs. 49.1±11.6, p=0.001). The median size 
of the tumor was 7.5±4.7 cm in the EAML group and 4.2±4.4 
cm in the classical AML (p<0.001). In addition, 5.4% of classic 
AML patients and 7.4% of  EAML patients had diabetes 
mellitus (p=0.978). Classic AML patients had higher incidence 
of hypertension (20.1% vs. 0.0%, p=0.024). The median pre-
contrast HU was 14.7±41.0 in the classic AML group and 
29.9±23.7 in the EAML group (p=0.071). The median HU in 
the arterial phase was 79.9±55.0 and 76.6±40.5 in the classic 
AML group and EAML group, respectively (p=0.769). The 
median difference in the HU between the arterial phase and 
pre-contrast phase was 65.7±39.7 in the classic AML group 
and 46.6±34.6 in the EAML group (p=0.022). The median 
difference in the HU between the arterial phase and venous 
phase was -1.1±30.0 and 4.1±22.0 in the classic AML group 

and EAML group, respectively (p=0.426). The median follow-
up duration was 30.5±33.7 months in the classic AML group 
and 46.3±43.2 months in the EAML group (p=0.029).

Table 2 shows the univariate and multivariate analysis 
of each characteristic. The difference in the HU between 
the arterial phase and pre-contrast phase was statistically 
significant in univariate analysis (p=0.021) but not in 
multivariate analysis. The difference in the HU between 
the arterial phase and venous phase was not statistically 
significant. Age, sex, and the size of the tumor mass on CT 
images were statistically significant in multivariate analysis. 
The odds ratio (OR) was decreased by 4.0% for every age 
increase of 1 year (OR, 0.96; 95% confidence interval [CI], 
0.92−0.99). Males were 3.33 times more likely than females to 
be diagnosed with EAML (OR, 3.33; 95% CI, 1.30−7.56). If the 
tumor mass on CT images was larger than 4 cm, there was a 
3.8 times higher chance of being diagnosed with EAML (OR, 
3.80; 95% CI, 1.62−11.08).

Five EAML patients (18.5%) showed unfavorable out-
comes, defined as metastasis, recurrence, and death due to 
tumor progression. Two patients in the unfavorable group 
had lymph node metastasis in the para-aortic or aortic area 
with no metastasis in other sites. After radical nephrectomy 
and LN dissection, metastasis or local recurrence did not 
occur in these patients. Three of the five patients had lung 

Table 1. Demographic and pathologic characteristics

Variable Classic AML (n=204) EAML (n=27) p-value
Age (y) 49.1±11.6 41.2±12.3 0.001
Sex 0.009
   Male 58 (28.4) 15 (55.6)
   Female 146 (71.6) 12 (44.4)
Body mass index (kg/m2) 23.7±3.4 23.9±2.3 0.681
Diabetes mellitus 11 (5.4) 2 (7.4) 0.978
Hypertension  41 (20.1) 0 (0.0) 0.024
Mass size at CT (cm) 4.2±4.4 7.5±4.7 <0.001
   <4 cm 133 (65.2) 7 (25.9)
   ≥4 cm 71 (34.8) 20 (74.1)
Report of CT 0.372
   Renal cell carcinoma 116 (56.9) 19 (70.4)
   Angiomyolipoma 52 (25.5) 4 (14.8)
   Undetermined 36 (17.6) 4 (14.8)
Hounsfield unit
   Pre-enhancement phase (1) 14.7±41.0 29.9±23.7 0.071
   Arterial phase (2) 79.9±55.0 76.6±40.5 0.769
   Venous phase (3) 80.8±49.9 73.3±33.3 0.494
   Δ (2)–(1) 65.7±39.7 46.6±34.6 0.022
   Δ (2)–(3) -1.1±30.0 4.1±22.0 0.426

Values are presented as mean±standard deviation or number (%).
AML, angiomyolipoma; EAML, epithelioid angiomyolipoma; CT, computed tomography.
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metastasis. In the classic AML group, none of the patients 
had metastasis, and none of  them expired due to tumor 
progression.

DISCUSSION

EAML is a rare disease characterized by the predominance 
of epithelioid cells with positive staining for melanocytic 
markers, such as HBM-45 [10]. According to previous studies, 
many patients with EAML have poor prognosis [6,9,11,12]. 
Several case reports have shown that EAML has malignant 
potential and can result in mortality [13]. Distant metastasis 
was found to occur 1.5−9 years postoperatively, and most 
patients expired within 1 year of metastasis [12,14,15]. Brimo 
et al. [5] reported a malignancy rate of  26%. Most case 
reports on EAML indicated that it is radiologically and 
histologically similar to renal cell carcinoma [16]. In addi-
tion, it may exhibit clinically aggressive behavior, such 
as metastasis or local recurrence, mimicking renal cell 
carcinoma. Nese et al. [13] reported that among a sample of 
41 EAML patients, the rate of recurrence and metastasis 
was 17% and 49%, respectively. Sites of metastasis include 
the liver, lymph nodes, lungs, bones, and other rare sites [13]. 
Folpe and Kwiatkowski [17] have observed the aggressive 
behavior of EAML especially for tumors larger than 5 cm 
with an infiltrative growth pattern, high nuclear grade, and 
necrosis. Our study revealed a marked difference of in the 
prognosis between classic AML and EAML. The results are 
in contrast with those of a study by Aydin et al. [2], in which 

all cases of EAML (n=15) showed a benign course with a 
median follow-up of  5.1 years. Of the 27 EAML patients 
in our study, five of them had unfavorable outcomes. The 
first patient was diagnosed as having lymphoma or atypical 
renal cell carcinoma with peri-renal mass and para-aortic 
lymph node metastasis by CT. His chest CT scan showed 
multiple metastatic nodules in both lungs at the time of 
diagnosis. He also had bone metastasis in the left ileum, 
which was identified in positron emission tomography CT. 
EAML was diagnosed with the needle biopsy of the peri-
renal mass. He was hospitalized in the oncology department 
for palliative care. He refused to receive chemotherapy 
and expired a month later. The second patient underwent 
partial nephrectomy and was pathologically diagnosed 
with EAML. Lung metastasis was found on the follow-
up CT scan 3 years after the surgery, and the patient 
expired 1 year later. The patient did not receive additional 
therapy due to the patient’s refusal. The third patient was 
diagnosed with EAML after right radical nephrectomy. 
Chest posteroanterior (PA) view showed a left upper lung 
nodule 5 years after the surgery, which demonstrated slow 
growth when compared with that in a prior chest PA. Lung 
biopsy was performed, which indicated metastatic EAML. 
This patient expired after 2 years. There was no information 
on whether this patient received adjuvant chemotherapy. 
The other two patients in the unfavorable group had lymph 
node metastasis at the time of diagnosis. They underwent 
radical nephrectomy with lymph node dissection and tumor 
did not recur during the follow-up period. Table 3 shows 

Table 2. Logistic regression to predict factors associated with epithelioid angiomyolipoma

Variable
Univariate Multivariate

p-value OR 95% CI p-value OR 95% CI
Age 0.001 0.93 0.91−0.98 0.032 0.96 0.92−0.99
Sex 0.006 3.15 1.39−7.26
   Male 3.15 1.39−7.26 0.013 3.33 1.30−7.56
   Female Reference Reference
Side 0.053
   Right 0.41 0.15−0.97
   Left Reference Reference
Mass size on CT (cm) <0.001
   <4 cm Reference Reference
   ≥4 cm 5.35 2.25−14.20 0.009 3.80 1.62−11.08
Hounsfield unit 
   Pre-enhancement phase (1) 0.071 1.02 1.00−1.04
   Arterial phase (2) 0.769 1.00 0.99−1.01
   Venous phase (3) 0.494 1.00 0.99−1.01
   Δ (2)–(1) 0.021 0.99 0.98−1.00 0.702 1.00 0.99−1.01
   Δ (2)–(3) 0.702 1.00 0.99−1.01

OR, odds ratio; CI, confidence interval; CT, computed tomography.
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the patient and tumor characteristics of unfavorable group. 
None of the 204 patients diagnosed with classic AML had 
metastasis or expired due to classic AML. 

Despite the advancements in diagnostic techniques and 
increased knowledge about EAML, the prognostic factors 
that contribute to the malignancy potential of  EAML 
remain unknown [13]. We found that male and younger 
patients had higher chance of having EAML, and the size of 
the tumor was an additional indicative factor for diagnosing 
EAML. According to the literature, most renal AMLs are 
small; however, they may be larger than 30 cm in diameter, 
and EAML is usually larger compared with classic AML [2]. 
Patients with tumors measuring up to 4 cm in diameter had 
a 3.33 times higher chance of being diagnosed with EAML. 

Tumors, which are predominantly composed of smooth 
muscle cells or epithelioid cells, such as EAML can 
radiologically mimic renal cell carcinoma in the kidneys [2]. 
The radiographic diagnosis of EAML is difficult because 
abnormal blood vessels and mature fat cells are not appa-
rent compared with those of classic AML [16]. Liu et al. [18] 
showed that EAML presents as a large soft tissue lesion 
with high density compared with normal renal parenchyma 
on CT images. A characteristic enhancement pattern of 
EAML is rapid wash-in and slow wash-out. Zhu et al. [19] 
reported several cases of  EAML, and the radiographic 
characteristics were inconsistent with those of  previous 
studies. According to the report, EAML has a wide range of 
imaging characteristics, some of which overlap with those 
of other renal tumors; thus, it is difficult to differentiate 
between renal cell carcinoma and fat-poor classic AML 
without immunohistochemistry. Most of  EAMLs were 
diagnosed as renal cell carcinoma based on CT scans in our 
center. In our study, the pre-contrast HU of the tumor mass 
appeared to be lower for EAML but was not statistically 
significant. The difference in the HU between the arterial 
phase and pre-contrast phase was significantly lower in the 
EAML group in univariate analysis but not in multivariate 
analysis. 

As EAML does not have distinctive imaging charac-
teristics, surgical removal and needle biopsy are methods 

of diagnosing EAML. Special stains may be used to help 
diagnose EAML, such as melanocytic markers and smooth 
muscle markers. The percentage of the epithelioid component 
for classifying a tumor as EAML has not been established. 
Some studies have used a cut-off of 10% epithelioid cells in a 
given tumor to classify it as EAML [4]. Based on more than 
100 case reports in four largest series, all tumors developing 
metastasis had ≥80% epithelioid histology [5]. In our study, 
a specific cut-off  percentage of  epithelioid cells was not 
used. EAML was diagnosed when epithelioid cells were 
predominant with positive staining for HBM-45.

Thus far, surgery is the treatment choice for EAML. 
However, surgery might be insufficient in some cases, 
such as those with local recurrence or distant metastasis. 
Cibas et al. [20] and Park et al. [21] used doxorubicin, 
cyclophosphamide, and cisplatin for EAML, and they 
found that these agents were effective. Benson et al. [22] 
recommended mammalian target of rapamycin inhibitors as 
a first-line therapy for patients with perivascular epithelioid 
cell neoplasms. However, long-term observation is needed 
to confirm their effects. In our study, metastatic EAML 
patients did not receive chemotherapy due to the patients’ 
refusal and rapid progression causing death. Therefore, 
long-term follow-up and prospective studies of metastatic 
EAML patients who received chemotherapy with or without 
surgery are needed to establish an optimal therapy for 
EAML patients. 

This study had some limitations. This was a single cen-
ter, retrospective study; thus, selection bias could not be 
avoided. In addition, the follow-up period for classic AML 
had relatively shorter than that of EAML. We could not 
identify significant factors in radiologic examination. A 
larger scale study may identify diagnostic tools for radiologic 
or laboratory examination. 

CONCLUSIONS

In conclusion, EAML has poorer prognosis compared 
with classic AML. Younger age, male sex, and larger tumor 
mass may increase the possibility of diagnosing of EAML. 

Table 3. Patient and tumor characteristics of unfavorable group

Patient No. Age (y) Sex Size (cm) Sites of metastasis Diagnostic method
1 53 Male 8.6 Lung Needle biopsy
2 38 Male 6.4 Lung Nephrectomy
3 52 Female 21.0 Lung Nephrectomy
4 44 Male 9.0 Paraaortic LN Nephrectomy
5 28 Female 8.5 Paraaortic LN, Aortocaval LN Nephrectomy

LN, lymph node.
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The lower HU of  the mass on the pre-contrast CT scan 
showed a tendency to be diagnosed as EAML but was not 
statistically significant. EAML has malignant potential and 
requires careful follow-up. Because there is no established 
radiologic diagnostic tool for EAML, performing a needle 
biopsy should be considered for young and male patients 
with a relatively large AML (a diameter more than 4 cm) to 
rule out EAML. 
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