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Epithelioid angiomyolipoma:
a pathological entity discovered in Verona
with the endorsement of Doctor Rosai
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Maurizio Pea', Guido Martignoni®?

" Department of Diagnostic and Public Health, Section of Pathology, University of Verona, ltaly; ? Department of
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Summary

In this manuscript, we summarize the main features of angiomyolipoma highlighting
the recognition of epithelioid angiomyolipoma and the discovery of immunohistochemi-
cal expression of HMB45 in a group of tumors that now are referred to as as PEComas.
In this scenario, Dr. Rosai believed in our intuition, demonstrating his intellectual honesty
and motivated us with his experience (“when a tumor seems malignant it is malignant”)
and enthusiasm for the new entities (“in Verona, you use HMB45 instead of H&E”). He
really pushed the improvement of the knowledge in this field.

Key words: angiomyolipoma, epithelioid angiomyolipoma, PEComa, Rosai, tuberous
sclerosis

Historical review

‘Angiomyolipomas constitute the most controversial of benign tumor and
tumor-like lesions in the kidney” as Mostofi stated in 1965 in one of his
seminal articles '. Although the term angiomyolipoma was first used in
1951 by Morgan et al. 2, the renal lesion which histologically corresponds
to angiomyolipoma had been first described 40 years before by Fisher
in association with tuberous sclerosis 3. In the manuscripts published
at that period, due to the multiplicity and bilaterality observed in a per-
centage of angiomyolipomas, the main issue was the relationship with
tuberous sclerosis complex rather than the morphological features of the
lesion. From a histological point of view, the characteristics were rather
constant, with the tumors composed of admixture of mature adipose
tissue, tangles of tortuous thick-walled blood vessel, and collarettes and
sheets of smooth muscle fibers (Fig. 1). Another established topic was
the hamartomatous nature of angiomyolipoma. Only in the 1990s was
clonality detected demonstrating non-random inactivation of the X-chro-
mosome *. Later, the loss of heterozygosity (LOH) of chromosome 16p
(TSC2) % and the frequent presence of TSC2 gene mutation observed in
angiomyolipoma have confirmed its neoplastic nature “.

In 1968, angiomyolipoma was considered uncommon with only 150 cas-
es appeared in the literature ® and not the most common renal mesen-
chymal tumor as we currently know based on the actual information.
This discrepancy in frequency may be explained by the higher detection
by imaging performed to evaluate other conditions 7. On the other hand,
in the past, predominantly lipomatous or predominantly leiomyomatous
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Figure 1. Classic angiomyolipoma showing mature adipo-
cytes and thick-walled blood vessels intermixed with bun-
dles of smooth muscle cells.

lesions were recorded under different headings such
as lipoma, liposarcoma, leiomyoma, leiomyosarcoma,
fibromyxolipoma, mesenchymoma, etc. However, un-
til 1988 the consciousness of possible misdiagnoses
was limited to mesenchymal tumors whereas a mono-
phasic proliferation made up by atypical epithelioid
smooth muscle component was not contemplated.

In summary, from 1951 to the 1990s, the attention on
angiomyolipoma was mainly addressed to radiologi-
cal (detection/recognition and embolization) and sur-
gical (management/complication) aspects. The com-
prehension of its neoplastic nature, the discovery of
epithelioid angiomyolipoma, and the identification of
HMB45 as an immunohistochemical tool to reach this
difficult diagnosis revived the pathological interest in
angiomyolipoma.

Importance of the contribution
of Dr. Rosai

In the autumn of 1988, the case of a young male,
16 years old, from Sicily, who suffered from hema-
turia, was observed in the Hospital of the University
of Verona. Imaging analysis identified a large renal
mass treated by nephrectomy. During surgery, the
urologist identified numerous enlarged locoregional
lymph nodes which were removed. In the Department
of Pathology, the nephrectomy specimen revealed
a 10 cm solid tan-brownish mass with hemorrhagic
areas. After careful examination, in the extra-tumor-
al renal parenchyma, several yellow nodules ranging
from millimeters to 1 cm were seen (Fig. 2A). Due

to the unusual presentation, extensive sampling was
performed including the large mass and the numer-
ous small yellow nodules. Moreover, all the five lymph
nodes removed were completely embedded. Based
on our limited experience of pediatric renal tum-
ors at that time, the first diagnostic hypothesis was
Wilms tumor or other rare, strange tumors occurring
in young patients. Surprisingly, the microscopic ap-
pearance was completely unexpected since none
of the morphological features ascribable to Wilms
tumor, mesoblastic nephroma, rhabdoid tumor, or
clear cell sarcoma of the kidney were present. The
principal mass was composed of medium and volu-
minous epithelioid cells mainly with clear cytoplasm
often with feathery appearance arranged in sheets
(Fig. 2B). Hemorrhagic areas were noted in which the
neoplastic cells were dissociated “floating in a sea of
red blood cells” as Dr. Rosai used to say. The large
epithelioid cells showed frequently pleomorphic ir-
regular nuclei, sometimes with nuclear pseudoinclu-
sions. Considering all these characteristics together
the cells were considered atypical. However, from the
beginning, it was noted that the mitotic figures were
rare and very difficult to find. For all these reasons,
the first idea regarding the nature of the epithelioid
cells was epithelial rather than mesenchymal and the
tumor was considered an extremely unusual carcino-
ma arising in the kidney of a young boy. The slides
of the case were shared among different pathologists
of the department and the first impression was the
same: an extraordinary uncommon renal carcinoma.
The hypothesis of carcinoma was supported by the
evidence of the same epithelioid neoplastic cells ful-
filling the sinus of the lymph nodes, conceivably con-
sidered as metastasis (Fig. 2C). On the other hand,
the occurrence of large anaplastic cells in the sinus
was reminiscent for some of us to the recently rec-
ognized, and so-called at that time, Ki1 lymphoma.
The cautious attention looking at the small nodules
opened our minds. Some nodules were made up of
epitheliod large cells as the main neoplastic mass,
others were composed of the epithelioid cells and few
adipocytes, and a minority of nodules were consti-
tuted of epithelioid cells, few adipocytes, and spindle
cells (Fig. 3). The latter was reminiscent of angiomy-
olipoma even though the characteristic thick-walled
vessels were absent. Moreover, intraglomerular le-
sions were observed. The case turned out to be even
more complicated and the main idea of renal carci-
noma became questionable because the evidence of
these small nodules possibly linked to angiomyolipo-
ma argued for the possibility that even the main mass
could be related. But the question was: how can we
consider the involvement of lymph nodes? In the liter-
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Figure 2. Original pictures from the case in 1988. (A) Gross
appearance of the specimen with a large tan-brownish par-
tially hemorrhagic renal mass and small satellite nodules in
the surrounding parenchyma. (B) Microphotograph of the
main tumor revealing sheets of medium-sized epithelioid
clear to eosinophilic cells with nuclear atypia and some-
times prominent nucleoli. (C) High power magnification of
a regional lymph node partially replaced by neoplastic cells,
closely resembling those of the larger renal lesion, suspi-
cious for a nodal metastasis.

ature, it was well known the possible involvement of
the lymph nodes by angiomyolipoma which was con-
sidered as multicentric lesion rather than metastasis.
Although the epithelial appearance of the main tumor,
this hypothesis was not completely to be discarded.
The clock was running and the calls from urologists
but also from a colleague of ours who moved to Sicily
at that time became insistent. Although we convinced
each other, day by day, that it was a strange tumor
related to angiomyolipoma, we decided to send the
slides to a renowned ltalian Institution and a famous
American pediatric pathologist. The following consult-
ant diagnoses were obtained “La neoplasia renale,
da considerarsi biologicamente paragonabile a un
carcinoma a cellule renali di grado terzo rappresenta
verosimilmente una forma di dedifferenziazione ad-
enocarcinomatosa di un tumore di Wilms. Metastasi
a 5 linfonodi (uno di tipo subtotale e quattro di tipo
parziale)” and “This is obviously not an easy case. On
the basis of the four sections you sent me, | have the
following comments. | believe there is a carcinoma
which in one corner of one of the two H&E sections
labelled as an area could well be a large clear cell
type of renal cell carcinoma. Everywhere else what |
consider a carcinoma is made of small poorly differ-
entiated cells. These cells have metastasized to the
regional lymph nodes” (Fig. 4). Not completely per-
suaded to the idea of renal carcinoma and becoming
more and more confident to deal with a renal tumor
related to angiomyolipoma, we decided to send it to
the most famous pathologist in the world: Dr. Juan
Rosai. At that time, he was the chairman of the De-
partment of Pathology of Yale University and quickly
answered us with the following letter. “I agree with
your interpretation of this extraordinary case. | think
that this is an example of the type of angiomyolipoma
which is so cellular and atypical as to closely simu-
late a malignant epithelial tumor such as renal cell
carcinoma. | also agree with you that this lesion is
probably related histogenetically to the small“hamar-
tomas” present elsewhere in the kidney, and that the
lesion in the lymph node should be regarded as an
expression of multicentricity” (Fig. 5). He was excit-
ed about the extraordinary case because we had not
only sent the hematoxylin and eosin slides of the tu-
mor but also the immunohistochemical stains, in par-
ticular HMB45. During that period, we were studying
HMBA45 antibody, and we had been staining all the
strange tumors encountered during routine practice,
including this one. Not only the large mass but also
the small nodules were patchy positive for HMB45.
In the meanwhile, retrospective cases of classic an-
giomyolipoma with the typical triphasic appearance
with different proportions of adipose tissue, spindle,
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Figure 3. Small nodules in the renal parenchyma, variably made up of (A) mature adipocytes and (B) spindle cells surround-
ing blood vessels, with fewer adipocytes.
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parziale).

i

La nzoplaszia revale, da considerarsi biclogicamente para
gonabile a un carcinoma a cellule renali di grade IIl rappresenta
verosimilmente una forma di d1fferenzaaz1nne adenoca|C1nomatosa di

Metastasi a § linfonodi (1 di tipo subtntale =] 4 di tipn

= 5 This i obviously not an my emr— Bn Ehrbgﬁia qf t&e ._ 
.snctiensmusentm, Ihawethefolhving comments. I be is

mfamﬂm cell type of renal cell carcinoma.

hich in one corner of one of the 2 HE sections labelled
e :ls mde of ml:t pooriy differentima cell—a. ‘mm ce“ﬂszm

s

-

Figure 4. Consultation reports’ from (A) Italian and (B) American pathologists.

and epithelioid smooth muscle, and thick-wall vessels
were stained and variable labeling of HMB45 were
seen (Fig. 6).

After three years from nephrectomy, the young boy
suffered seizures, a CT scan was performed and cal-
cifications around the third ventricle were observed.
Due to this pathognomonic finding a final diagnosis
of tuberous sclerosis was made, supporting after a
few years the diagnosis of tumor strongly related to
angiomyolipoma as suggested by Verona group and

strengthened by Dr. Rosai. After the endorsement of
Dr. Rosai who considered this a brilliant finding, we
started collecting tumors with similar morphological
and immunohistochemical features, some of them
with oxyphilic appearance. In September 1993, one
of us flew to the United States and went to Memori-
al Sloan Kettering Cancer Center in New York for a
fellowship with Dr. Rosai who was the chairman of
the Department of Pathology at that time. Showing
the interesting cases collected in Verona, we tried
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I agree with your interpretation of this extraordinary case.

I think

that this is an example of the type of angiomyolipoma which is so cellular and
atypical as to closely simulate a malignant epithelial tumor such as renal

cell carcinoma.

I also agree with you that this lesion is probably related

histogenetically to the small "hamartomas" present elsewhere in the kidney,
and that the lesion in the lymph node should be regarded as an expression of

multicentricity.

Figure 5. Doctor Rosai’s consultation regarding the case sent for second opinion.
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Figure 6. Patchy HMB45 immunohistochemical expression
in classic angiomyolipoma, mainly labeling smooth muscle
cells.

to convince Dr. Rosai that the tumors were indolent
despite the atypical (carcinoma-like) morphology. His
response was hasty but experienced: “When a tumor
seems malignant it is malignant” (Fig. 7). Trying to
prove this affirmation, we looked for similar cases in
the personal archives of Dr. Rosai and the archives
of the Department of Pathology of Memorial Sloan
Kettering Cancer Center. A handful of cases were
retrieved, mainly originally considered as carcinoma.
All the tumors were characterized by epithelioid cells,
some with clear feathery cytoplasm other with a more
oxyphilic appearance, with a range of atypia particu-
larly evident in a Brazilian case collected in Dr. Rosai’s
file (Fig. 8). Of 7 cases collected, four in men and three
in women, two had tuberous sclerosis and, during fol-
low-up, died of neoplastic disease. Although our initial
hope of identifying a tumor with atypical features and

indolent behavior, we acknowledged Dr. Rosai had the
right intuition regarding the potential aggressiveness
of this tumor. During a night of work discussing these
cases, we summarized all the findings in a table, and
we summarized the main common characteristics of
this entity. All were localized in the renal parenchyma,
made up of epithelioid cells, most of them with oxyph-
ilic cytoplasm. Therefore, to describe this pleomorphic
monophasic variant of angiomyolipoma, Dr. Rosai
coined the term Renal Epithelioid Oxyphilic Neoplasm
briefly called REON by using one of the acronyms
which he liked to create 8. All these tumors immuno-
histochemically expressed HMB45 and Dr. Rosai liked
joking about this finding “/n Verona, you use HMB45
instead of H&E” recognizing the experience of Verona
group on this issue (Figs. 9, 10).

Figure 7. Doctor Rosai and his fellows in Memorial Sloan
Kettering Cancer Center in New York in 1993.
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Figure 8. Renal tumor of a Brazilian patient from Doctor
Rosai’s personal collection, made up of large epithelioid
cells with oncocytic cytoplasm and marked nuclear pleo-
morphism and atypia.

ot e Fr T S T TS

Figure 9. HMB45 immunohistochemical staining in epithe-
lioid angiomyolipoma.

Evolution of the knowledge
and recent developments

Nowadays, epithelioid angiomyolipoma is a well-rec-
ognized entity, firstly accepted by World Health Organ-
ization (WHQ) in 2004 ° and defined as a rare variant
of angiomyolipoma which consists of at least 80% ep-
ithelioid cells in 2016 WHO Classification .

Morphologically epithelioid angiomyolipoma may dis-
play two different patterns, one “carcinoma-like” as the
first case identified in 1988 and the other “epithelioid
and plump spindle cells in diffuse growth” The “carci-

Figure 10. Doctor Rosai’s personal dedication to the Vero-
na group written on the AFIP book of Tumors of the Thyroid
gland in 1994.

noma-like” is made up of atypical large eosinophilic
cells with prominent nucleoli and frequent intranuclear
inclusions (ganglion cell-like appearance), sometimes
multinucleated, arranged in cohesive nests separated
by thin vascular-rich septa (Fig. 11). Mitotic figures are
present but difficult to find. Necrosis can be seen. The
other pattern consists of epithelioid and plump spin-
dle cells arranged in diffuse sheets with less atypia,
and clearer cytoplasm in comparison with the carcino-
ma-like tumors ™3, Immunohistochemically, besides
HMB45 staining, epithelioid angiomyolipoma express-
es other melanocytic markers such as Melan-A and
microphthalmia transcription factor (MiTF) and vari-
ably smooth muscle markers (smooth muscle actin,
muscle-specific actin, and less common desmin).
More recently the expression of cathepsin k (Fig. 12),
CD68 (PG-M1), and STING has been described in
epithelioid angiomyolipoma 7,

From a molecular point of view, loss of heterozygosity
(LOH) of TSC2 has been reported in occasional cas-
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Figure 11. “Carcinoma-like” morphology of epithelioid
angiomyolipoma: sheets and nests of plump and large epi-
thelioid cells, with eosinophilic cytoplasm, voluminous and
sometimes vesicular nuclei, and prominent nucleoli (“gan-
glion cell-like appearance”).

fusely immunolabeling for cathepsin K.

es of sporadic epithelioid angiomyolipomas as well as
classic angiomyolipoma indicating clonality and its re-
lationship with tuberous sclerosis as initially hypothe-
sized. TFE3 gene rearrangement has also been rarely
described and, usually, the partner gene of such rear-
rangement is SFPQ/PSF 8.

As Dr. Rosai supposed, the potential aggressiveness
of epithelioid angiomyolipoma is well-established.
However, the clinicopathological features to predict
the clinical behavior of each case managed in rou-
tine practice are still debatable. The main two prog-
nostic systems were published by Brimo et al. in 2010
and Nese et al. in 2011 '°2°_|n the first, the prognostic
criteria proposed are exclusive pathological based,
whereas in the second combined clinical and patho-
logical information was considered (Tab. I). Brimo et
al. reported 40 atypical angiomyolipomas where the
epithelioid component ranged from 5% to 90%, nine
of which with aggressive behavior and suggest as
criteria for malignancy the presence of three or more
of the following histopathological parameters: = 70%
of atypical epithelioid cells, = 2 mitotic figures per 10
HPF, atypical mitotic figures, and necrosis. In the oth-
er system, 41 cases of epithelioid angiomyolipomas
(> 95% of epithelioid component) were evaluated for
the presence of tuberous sclerosis and/or concurrent
angiomyolipoma, tumor size (> 7 cm), carcinoma-like
morphologic pattern, involvement of perinephric fat
tissue and/or renal vein and presence of necrosis as
associated with disease progression, recurrence, me-
tastasis, or death due to disease. The authors provided
a frequency of adverse prognostic parameters-based
risk stratification model and divided tumors into low
(0 to 1 parameter), intermediate (2 to 3 parameters),
and high risk (4 or more parameters) for progression
categories with 15%, 64%, and 100% risk for disease
progression in each of the categories, respectively.
Patients with 3 or more adverse parameters had dis-
ease progression in 80% of cases.

Currently, the term used for epithelioid angiomyolipo-

Table I. Prognostic stratification models to predict clinical behavior of epithelioid angiomyolipoma.

Study Classification Criteria
Brimo et Benign epithelioid angiomyolipoma with atypia (< 2 adverse 1) = 70% atypical epithelioid cells
al.’® parameters) 2) = 2 mitotic figures per 10 HPF

3

parameters)

Malignant epithelioid angiomyolipoma with atypia (= 3 adverse

Atypical mitoses

Nese et al.” | Low-risk group (0-1 worrisome features)

1) Evidence of TSC and/or concurrent angiomyolipoma
2) Large tumor size (> 7 cm)

Intermediate-risk group (2-3 worrisome features)

)
)
4) Detection of necrosis
)
)
)

3) Histological pattern A
4) Extrarenal extension and/or involvement of renal vein

High-risk group (4-5 worrisome features)

5) Detection of necrosis

Abbreviations: HPF: high power field; TSC: Tuberous Sclerosis Complex.
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ma is pure epithelioid PEComa . This term derives
from the perivascular epithelioid cell (PEC) 2! which
is a cell type characterized by distinctive features: i)
an epithelioid appearance with a clear to granular cy-
toplasm, a round to oval, centrally located nucleus,
and an inconspicuous nucleolus; ii) a typical perivas-
cular location; iii) expression of myogenic and mel-
anocytic markers (HMB45, Melan-A, microphthalmia
transcription factor); iv) modulation in morphology
and immunophenotype. PEC may show muscular
features with a spindle shape and a stronger positiv-
ity for actin than for HMB45 or it can have an epithe-
lioid feature with strong positivity for HMIB45 and a
mild, if any, reaction for actin. Supporting this idea of
plasticity in morphology, the ultrastructural analysis
demonstrated the presence of cells both with transi-
tion features between smooth muscle and adipocytic
cells 2228 and with granules and crystalloids in the
cytoplasm. Those granules have been variably con-
sidered over the years as renin granules or premela-
nosomes 24?7, At present, PEC has no known normal
counterpart. This unique cell is constantly present in
a group of tumors, named PEComas which include
angiomyolipoma, considered the prototype of this
group of tumors, clear cell “sugar” tumor of the lung
and extrapulmonary sites, lymphangioleiomyomato-
sis, clear cell myomelanocytic tumor of the falciform
ligament/ligamentum teres and rare clear-cell tumors
of other anatomical sites #2328,

The discovery of PEC and its immunohistochemical
expression of HMB45 and more recently cathepsin
K shed light on heterogeneous tumors arising in dif-
ferent sites and give an important diagnostic tool to
pathologists.
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