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Abstract: Objectives: In order to provide further evidence for the origin and differentiation of PEComa, the clini-
copathologic and immunophenotype findings were analyzed in 26 cases with literature review. Methods:
Immunohistochemistry and special staining were used. Results: Multinucleated giant cells and polymorphism were
scattered visibly in 53.8% and 76.9% of the cases and spotty necrosis and hemorrhage were observed in 38% of
the cases. Capsular micro-invasion was detected in 46% cases accompanied by hemorrhage and/or necrosis in the
tumors with diameters larger than 5 cm. It was also found that 100% of cases diffusely expressed SMA, Melan-A,
and vimentin except one negative for HMB-45. The tumor cells partly expressed CD56, CD99, desmin, and S-100
and were negative for CK-pan, TFE3, CD117, CD44, and CD34. Clinical follow-up found that 22 out of 23 patients
were alive, with no recurrence or progression, ranging from 42 to 82 months. However, one patient died from leuke-
mia. Conclusions: In this study, the histopathologic features with the co-expressions of SMA and melanin, were the
diagnostic basis of PEComas. The interspersed expressions of desmin and S-100 were helpful for the differential
diagnosis of leiomyoma and neuroma. The expressions of S-100, CD56, and CD99 supported the origins of the plu-
ripotent cells from the neural crests. Tumors larger than 5 cm in diameter with micro-hemorrhaging/necrosis and
micro-capsular invasions should be considered either uncertain or of malignant potential. The spontaneous ruptur-
ing of blood vessels may be related to the amyloidosis and desmin negative expression, and broken elastic fibers.
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Introduction

Perivascular Epithelioid Cell (PEComa) tumors
are defined by the presence of perivascular epi-
thelioid cells co-expressing both muscle and
melanocytic markers and are characterized by
similar histologic and immunohistochemical
presentations. PEComa include the following:
Epithelioid angiomyolipoma (AML); clear cell
sugar tumor of the lungs (CCST); lymphangi-
oleiomyomatosis (LAM); hepatic falciform liga-
ment clear cell myomelanocytic tumors
(CCMMT); and soft-tissue clear cell myomela-
nocytic tumors [1], as well as very rare tumors
in other locations. PEComas are generally com-
posed of epithelioid or spindle smooth muscle
tissue, dysmorphic blood vessels, and mature
adipose tissue. PEComas were first described
as benign tumors and termed as “angiomyoli-
poma” in 1951 [2]. In recent years, several
hypotheses have been advanced for the pur-

pose of explaining the histogenesis of PEComa.
One proposed hypothesis was that the perivas-
cular epithelioid cells had originated from the
pluripotent cells derived from the neural crests,
which may give rise to smooth muscle cells and
melanocytes [3]. In actuality, PEComa tumors
have melanosomes by ultrastructure, and are
rich in glycogen and cytoplasmic filaments [4].
AMLs were previously classified as hamarto-
mas. However, they are now regarded as
belonging to the family of perivascular epitheli-
oid cells.

Materials and methods

Patient data and tissue specimens

In this study, 26 PEComas specimens that had
been resected between 2012 and 2016 were
obtained from the Department of Pathology at
the Affiliated Hospital of Inner Mongolia Medical
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Table 1. Summary of the clinical information

PatientID Age Sex Site Tumor number (size: cm) Invasive Follow-up (month) OQutcome
01 55 F Renal 1(5.0 x 5.0 x 2.0) Yes 82 Alive
02 41 F Renal 1(3.0 x 2.0 x 2.0) Yes 81 Alive
03 52 F Renal 1(1.5%x 1.5 % 1.0) No Unavailable Alive
04 53 F Renal 1 (5.0 x 5.0 x 4.0) No 78 Alive
05 44 F Renal 1 (4.0 x 3.0 x 3.0) Yes 77 Alive
06 49 F Renal 1(3.0%x2.0x2.0) Yes 65 Alive
07 41 F Renal 1(1.5% 1.0 x 1.0) No 64 Alive
08 58 F Renal 1(4.0 x 4.0 x 1.0) No 64 Alive
09 60 M Renal 2 (from 2.5 to 1.5) No 52 Deceased
10 40 F Renal 1(4.5x3.0x 1.0) No 73 Alive
11 55 F Renal 1 (5.0 x .4.0 x 4.0) No 73 Alive
12 39 F Renal 3 (from 0.8 to 3) Yes 72 Alive
13 29 F Renal 1 (15.0 x 8.0 x 6.0) Yes Unavailable Unknown
14 64 F Renal 1 (5.0 x 5.0 x 5.0) No Unavailable Unknown
15 59 F Renal 1(2.0x 1.5 % 1.0) No 68 Alive
16 73 M Renal 1(2.5%25x2.0) No 64 Alive
17 72 F Renal 1(3.0 x 3.0 x 2.0) No 64 Alive
18 51 F Renal 1(3.0x2.0x 1.0) No 63 Alive
19 43 M Renal 1(5.0 x 5.0 x 4.0) Yes 61 Alive
20 73 F Renal 1(10.0 x 10.0 x 5.0) Yes 60 Alive
21 73 F Liver 1(8.0 x 7.0 x 5.0) Yes 51 Alive
22 44 F Renal 1(10.0 x 4.0 x 4.0) Yes 42 Alive
23 62 F Renal 1 (6.0 x 4.0 x 3.0) Yes 42 Alive
24 35 F Renal 1 (8.0 x 6.0 x 2.0) Yes 42 Alive
25 29 M Renal 1(5.0 x 4.0 x 2.0) Yes 42 Alive
26 44 F  Retroperitonium 1 (5.0 x 5.0 x 4.0) No 42 Alive

Note: The averaged tumor sizes with and without invasive characteristics were 7.42 x 4.75 x 3.17 and 3.83 x 3.21 x 2.43,

respectively.

University. The tumor tissue samples were fixed
in 10% neutral buffered formalin and embed-
ded in paraffin. The diagnoses of all the patients
who received surgery were confirmed using his-
tologic and immunohistochemical analysis.
Then, follow-up surveys were conducted. The
clinical data, including age, sex, site, tumor
size, and follow-up surveys were available in all
of the examined cases, as detailed in Table 1.
The histopathologic features were then ana-
lyzed, including the cellular type, polymorphism,
multinucleated giant cells, hemorrhaging,
necrosis, chronic inflammation cell invasions,
stromal sclerosis, and capsule invasion. The
results are summarized in Tables 2 and 3.

Immunohistochemistry

The paraffin-embedded sections at 4 microm-
eters were prepared for IHC staining. This
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study’s IHC staining procedures were per-
formed using an EnVision two-step immunohis-
tochemical kit. A brief description of the pro-
cess was as follows: 1. The tissue sections
were de-waxed and rehydrated with ethanol,
and then quenched with 3% hydrogen peroxide
for 10 minutes; 2. The slides were soaked in
0.01 M sodium citrate buffer; 3. A hyper-pres-
sure induced antigen retrieval process was per-
formed for all the primary antibodies, as shown
in Table 4; 4. The slides were incubated with
primary antibodies overnight at 4°C; 5. The
slides were then washed with phosphate buff-
ered saline (PBS) and subsequently incubated
with secondary antibodies for 30 minutes; 6.
The sections were visualized by incubating then
with diaminobenzidine tetrahydrochloride and
counterstained with hematoxylin; 7. PBS was
used in place of the primary antibody as a neg-
ative control.
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Table 2. Histopathologic features

PatientID  Celltype  Polymorphism Giant Hemorrhage Necrosis LC Stromg .Bord.er
cells sclerosis invasion

01 Admix Scattered Visible Spotted No No No Invasive
02 Admix Scattered Visible No No Yes Yes Invasive
03 Epithelioid Scattered Invisible No No Yes No No
04 Admix Scattered Invisible No No No No No
05 Epithelioid No Invisible Spotted Scattered Yes No Invasive
06 Epithelioid Scattered Visible Spotted Scattered Yes Yes Invasive
o7 Admix Scattered Visible No Scattered Yes Yes No
08 Admix Scattered Invisible Spotted Scattered No No No
09 Admix Scattered Visible No No Yes No No
10 Admix No Invisible No No Yes No No
11 Epithelioid Scattered Visible No No No No No
12 Admix Scattered Visible No No Yes No Invasive
13 Epithelioid No Invisible No No Yes No Invasive
14 Epithelioid Scattered Visible Spotted Scattered Yes No No
15 Admix No Invisible No No No No No
16 Spindle Scattered Invisible No No No No No
17 Admix Scattered Visible Spotted No Yes No No
18 Admix No Invisible No No No No No
19 Admix Scattered Visible Spotted Scattered Yes No Invasive
20 Admix Scattered Invisible No No No No Invasive
21 Epithelioid Scattered Visible Spotted Scattered Yes Yes Invasive
22 Epithelioid Scattered Visible Spotted Scattered Yes No Invasive
23 Epithelioid Scattered Visible No No Yes No No
24 Spindle Scattered Visible No Scattered Yes Yes Invasive
25 Admix Scattered Invisible Spotted Scattered Yes No Invasive
26 Spindle No Invisible No No No No No
Note: In the table, LC represents lymphocyte infiltration.
Table 3. Correlations between pathologic characteristics

. o Cell types Giant cells Blood Necrosis Max-diameters
Pathological characteristic

Ad S E + - + - + - >5cm  <5cm

Invasive 6 1 5* 8* 4 * 5 7= 5 8* 4
Non-invasive 8 2 4 6 8 3 11 3 11 5 9
Necrosis 4 1 5# 7 3 8 2#
Non-necrosis 10 2 4 7 9 2 14

Note: In the table, *indicates that the microscopic or macroscopic invasions were much easier to be detected in the epithelioid
patterns (5 of 9) than in the spindle or admixed patterns (7 of 17), and correlated with scattered giant cells (8 of 12 versus 6
of 14), both blood and necrosis (7 of 12 versus 3 of 14), and more than 5 cm in maximum diameter (8 of 12 versus 5 of 14);
*indicates that the necrosis was more easily to be detected in epithelioid type than in the spindle and admixed types and was

correlated with the bleeding (5 of 9 versus 5 of 17).

Results
Clinical and histopathological features
The study group was composed of 26 patients.

The patients’ ages ranged between 29 to 73
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years, with a median age at the time of surgery
of 51 years. The ratio of females to males was
5.25:1. The anatomic locations of the tumors
included the kidneys (24 cases), liver (1 case),
and retroperitoneum (1 case), as listed in Table
1. All of the obtained samples were primary
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Table 4. Primary antibodies

Antibody Dilution Pretreatment Immunostain Clone number Positive control
SMA Ready to us PCA-EDTA Envision 1A4 Artery
Calponin Ready to us PCA-EDTA Envision CALP Artery
HMB45 Ready to us PCA-EDTA Envision HMB45 Melanoma
MelanA Ready to us PCA-EDTA Envision A103 Melanoma
Desmin Ready to us PCA-EDTA Envision D33 Artery
Vimentin Ready to us PCA-EDTA Envision Vo Artery

Kie7 Ready to us PCA-EDTA Envision MIB-1 Breast carcinoma
CD56 Ready to us PCA-EDTA Envision 56C04 NK/T
CD99 Ready to us PCA-EDTA Envision 013 PNET
S-100 Ready to us PCA-EDTA Envision 16/f5 Neurofibroma
CD34 Ready to us PCA-EDTA Envision QBEnd/10 Vessels
CD44v6 Ready to us PCA-EDTA Envision 2F10 Breast carcinoma
TEF3 Ready to us PCA-EDTA Envision MRQ-37 Renal cell carcinoma

Note: In the table, PCA indicates pressure cooker heating; and EDTA indicates ethylene demine tetra acetic acid buffer (0.01 M;

pH 9.0).

tumors. Among the 26 patients in the study
group, this study was able to obtain the com-
plete clinical data of 23 of the patients (92%),
with a mean follow-up duration of 49.5 (29 to
70) months. However, this study was unable to
determine the survival status in three cases
due to unavailable phone numbers for those
patients (Table 1). Upon completion of the fol-
low-up survey, it was determined that 22 of the
23 patients had healthy prognoses, without
tumor recurrence or distant metastases.
Meanwhile, one of the patients had died due to
another unrelated disease.

PEComa tumors are generally composed of
admixtures of a variety of blood vessels,
smooth muscle cells, and adipose tissue. The
amounts of the aforementioned components
tend to differ from case to case. The tumor
cells are either epithelioid or spindle arranged
in bands, nests, or swirls, and also intersected
by different amounts of adipose tissue. In
accordance with the predominant (> 90%) cell
shapes, PEComa tumors are generally classi-
fied into the following three subgroups: Spindle-
type; epithelioid-type; and admixed-type. In this
study, the spindle-type and epithelioid-type
tumors were identified in three and nine cases,
respectively. It has been found that the spindle
tumor cells are usually arranged arranged in
bundles, and appear as eosinophilic cytoplasm
(Figure 1A) with different vacuolar degenera-
tion (Figure 1B). In addition, the epithelioid
cells appear with bright and finely granulated
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cytoplasm. The nuclei tend to be relatively
small and round-to-oval shaped and are cen-
trally located within the cells (Figure 1C).
However, in the case of the liver PEComa, the
epithelioid cells displayed larger granular eosin-
ophilic cytoplasm, a round vesicular nucleus,
and prominent nucleoli, when compared with
those of the kidney PEComa. It was determined
that the admixed-type tumors accounted for
53.8% (14/26) of the cases in this study. In
addition, the proportions of the epithelioid cells
and spindle cells were different for each of the
cases. Generally speaking, epithelioid cells are
a minor component, arranged in nests, and
separated by vascular interstitium (Figure 1D).
The tumor cells are arranged around or perpen-
dicular to the blood vessels in the majority of
cases (Figure 1E). Moreover, intranuclear inclu-
sion bodies may be occasionally observed. The
nuclear membrane tends to be thin, with fine
chromatin characterized in part by small eosin-
ophilic and consistent ovals or irregular nuclei,
with nuclear grooves frequently visible, as illus-
trated in Figure 1F.

In the PEComa cases, changes in the blood
vessels were the second prominent character-
istic. They were observed to be distributed in
clusters and arranged around or radiated by
the tumor cells. It was found that the vessel
lumen was irregularly dilated, twisted, or dys-
morphic in nearly all the study cases (Figure 2A
and 2B). However, occasionally it was difficult
to observe the vessel lumen due to the mixing
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Figure 1. The histologic features of PEComa: Spindle-cell type cells resemble
smooth muscle cells with eosinophilic (A) or clear cytoplasm (B). Epithelioid
cell type has bright and fine granulated cytoplasm. The nuclei are relatively
small and round to oval shaped centrally located in cells (C). Admixed type
contains a variety of fatty cells with different amounts of spindle or epitheli-
oid tumor cells (D). Usually tumor cells are around or perpendicular to blood
vessels (E). The nucleus is round or rodlike or oval or irregular with nuclear
groove depending on the cell type (F). (A-E): 10 x 10; (F): 20 x 10.

together of the spindle tumor cells and the
appearance of fissuring (Figure 2C). It was also
found that the vessel walls were not consistent
in thickness (Figure 2D), with different extents
of hyalinization or amyloidosis observed. This
study determined that the elastic fibers in both
the internal and external lamina of the blood
vessels had displayed breakages, particularly
in the internal elastic lamina, as shown in the
elastic fiber staining results displayed in Figure
2E and 2F. This had caused it to be prone to
spontaneous rupturing and hemorrhaging. It
was also observed that stromal sclerosis
caused by the collagen hyaline degeneration
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had existed in 65.4% of the
cases (Figure 3A) and chronic
inflammation cells had accu-
mulated focally in 19% of the
cases (Figure 3B). Also, scat-
tered cellular polymorphism
was observed in 76.9% (20 of
26) cases and multinucleated
giant cells were detected in
53.8% of the cases (14 of 26),
as shown in Figure 3C. Focal
hemorrhages and spotted
necroses are visible in 38.5%
of the cases and were found
to be positively correlated
with each other. The amounts
of mature adipose tissue var-
ied from predominant to
absent in the examined sam-
ples, and displayed a grey-
pink or pale coloration with
more or less a yellowish
appearance and soft texture.
Single or small clusters of
spindle tumor cells were
found to be dispersed in the
adipose tissue, with mitosis
barely visible. Evidence of
capsular invasion was pre-
dominantly detected under a
microscope and seldom mac-
roscopically in 46% of the
cases (12 of 26). Also, as
shown in Tables 2 and 3, cap-
sule invasions were more eas-
ily detected in the epithelioid
type (5 of 9) than the other
types (7 of 17), and we-
re mainly accompanied by
necrosis, hemorrhages, or
both (7 of 12 versus 3 of 14),
as well as scattered giant cells (8 of 12 versus
6 of 14) and were larger in size (average size:
7.42 x 475 x 3.17 cm) than in the non-invasive
cases (8 of 12 versus 5 of 14; average size:
3.83 x 3.21 x 2.43 cm).

Immunohistochemical features

Both the Melan A and HMB-45 were positive in
nearly all of the cases (Figure 4A and 4B).
Melan A staining revealed results of 81% strong
and 19% moderate, which were somewhat
higher in intensity and sensitivity than the
HMB-45 staining results of 50% diffuse and
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Figure 2. Features of blood vessels: Blood vessels are distributed in clusters
and tumor cells are arranged around or radiated with blood vessels. Vessel
lumen is irregularly dilated or twisted or dysmorphic with hyaline change (A)
and (B), or is not easily observable because of mixing together with spindle
tumor cells and resembling fissuring (C) or is not consistent in thickness (D).
Elastic fiber staining showed the broken internal and external elastic lamina
as a black triangle showed in (E) and (F). (A-F): 10 x 10.

46% scattered or focal. It was also found that
both the SMA and Calponin staining reactivities
(Figure 4C) were diffusely and strongly positive
in the tumor cells of all the examined cases. In
addition, the tumor cells were weakly to moder-
ately reactive to CD99 in 89% of the cases
(Figure 4D), displayed strong to diffuse positive
results in 19% of the cases (6 of 26) and mod-
erate to focally positive results in 23% of the
cases (7 of 26) for CD56. This study’s desmin
staining of the tumor cells also revealed either
focal, scattered, or weak to moderate results,
but was completely negative within the thick-
ened vessel walls (Figure 4E). The staining
results for S-100 were focal or scattered in
either the spindle or epithelioid cell nests in
only 26.92% of the cases (7 of 26). However,
there were single or small clusters of tumor
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cells interspersed within the
fatty tissue which had dis-
played strong S-100 positive
results in 53.8% of the cases
(14 of 26) (Figure 4F) and
HMB-45 or SMA positive
results in only two cases (2 of
26). These findings impli-
ed a potential differentia-
tion toward adipose tissue.
Furthermore, all of the cases
displayed negative results for
CD34, CD44, Transcriptional
Enhancer Factor 3 (TEF3),
and CKpan. The cell prolifera-
tive index revealed by the
Ki-67 was less than 2%, even
in the hot points listed in
Table 5. The walls of blood
vessels were irregularly thick-
ened and showed different
extents of amyloidosis. The
smooth muscle cells of blood
vessels were positive for SMA
(Figure 5A), but negative for
Melan A (Figure 5B), desmin
(Figure 5C) and HMB-45
(Figure 5D). In addition, they
appeared to be brick-red
under normal light or have a
yellowish-green luster under
polarized light by Congo red
staining (Figure 5E and 5F).

Discussion

PEComa tumors are considered to be heteroge-
neous. The World Health Organization (WHO)
defined PEComas as mesenchymal tumors for
the first time in 2002. PEComa tumors have
three hypotheses of origin. One is that the
tumor cells are derived from neural crest cells,
which give rise to smooth muscle cells and
melanocytes. Another hypothesis is that the
tumor cells are myoblastic in nature. At the
present time, angiomyolipomas are thought to
be derived from perivascular epithelioid cells,
namely pericytes, a type of cell for which no
normal counterpart is known. They are essen-
tially considered to be progenitors of fat and
muscle cells. The co-expression of melanoma
cells and muscle cell markers is one of the
main characteristics. However, the intensities
and sensitivities of expressions of those two
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Figure 3. The changes of interstitial stroma: (A) The hyaline change of stro-
ma. The black angles in (B) showed the |nﬂammatory cell infiltrate; (C) Scat-

tered hemorrhage and edema; (D) Focal polymorphism with multinuclear
giant cells. (A, D): 4 x 10; (C): 10 x 10; (B): 40 x 10.

Figure 4. The immunohistochemi-
cal phynotypes: (A-C) represent
diffused positive to Melan A,
HMB-45 and Calponin in all tu-
mor cells respectively. (D) showed
both tumor cell and endothelium
positive for CD99. Spindle tumor
cells showed occasionaly scatter
positive for Desmin (E). S-100 is
negative for patch of tumor cells,
but positive for both fatty cells
and tumor cells interspersed in
adipose tissue (F). 10 x 10.

types of markers may differ
from case to case. In the pres-
ent study, all of the cases
showed diffusely positive
SMA, calponin, and Melan-A
results. Furthermore, almost
all of the cases showed dif-
fusely or partly positive HMB-
45 results. Therefore, Melan
A appeared to be more sensi-
tive than HMB-45. The pheno-
type supported its features
with melanosomes by ultra-
structure, and richness of the
glycogen and cytoplasmic fila-
ments [4]. Also, this study
detected positive expressions
of S-100, CD56, and CD-
99, respectively, with differ-
ent intensities and extents
observed between the vari-
ous examined cases. These
findings further provided evi-
dence for the speculation that
the origins of the cells were
the neural crest cells. As a
result, the findings of this
study may provide a suitable
explanation for the novel con-
cept in which PEComas are
considered to be a neoplasm
of stem cells which may have
acquired defects during dif-
ferentiation [3].

PEComa tumors are known
generally to occur throughout
the body in a variety of tis-
sues and organs. The most
common sites of PEComa are
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Table 5. Immunohistochemical staining for all antibodies

Total (n) SM’;/iﬁa'p/ HMB-45 MelanA Desmin CD56  CD99 $-100 CDT‘O’E%%i“/
26 cases 100% (+++) 50% (++) 81% (++) 0% (++) 19% (++) 58% (++) 0% (++) 0% (+)
46% (+) 19% (+) 85%(+) 23%(+) 31%(+) 26.92% (+)
4% () 0%() 15%() B58%() 11%() 73.08% () 100% (-)

Note: In the table, (++) represents strong or diffuse positive results; (+) represents weak to moderate, focal, or scattered posi-
tive results; and (-) represents negative results; Ki67: < 2% in all cases.

Figure 5. The differences of the spindle tumor cells and smooth muscle cells
of blood vessels: SMA was positive for both spindle tumor cells and smooth
muscle cells of blood vessels (A). Melan A (B), HMB-45 (D) and occasionally
desmin (C) were positive for tumor cells, but completely negative for smooth sient responses to mTOR

muscle cells of blood vessels. The wall of blood vessels were negative for
amyloidosis and Congo red stain appeared brick-red under normal light mi-
croscope (E) or yellow-green lustre under polarizing microscope (F). 10 x 10.

the kidneys, liver, lungs, and uterus [5], as well
as a few cases that have been reported in blad-
der, prostate, ovaries, pancreas [6, 7], and soft
tissues [7]. Recent studies have also revealed
cases where PEComas have developed in cuta-
neous [8], stomach [9], and gastrointestinal
tracts [10], as well as orbital [11], omentum
[12], scrotum [13], mediastinal [14], and even
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adrenal glands [15]. The avail-
able clinical data have shown
that these types of tumors
predominantly affect women.
In the present study, the ratio
of female to male patients
was 5.25:1. The most com-
mon site was the Kkidneys,
which accounted for 24 of the
26 cases in this study. It has
been found that PEComa
tumors usually develop spo-
radically. However, up to 20%
of the cases may be associat-
ed with genetic disorders,
such as Tuberous Sclerosis
Complex (TSC). TSC is an
autosomal dominant disease
characterized with deleteri-
ous mutations in the tumor
suppressors TSC1 (9934) or
TSC2 (16p13). Also, TSC may
be characterized by benign
neoplasms involving multip-
le systems. TSC1 and TSC2
gene products typically act to
inhibit mammalian Target of
Rapamycin  (mTOR). There
have been several document-
ed cases of malignant angio-
myolipoma which exhibit tran-

inhibitors and form the basis
of the current practice guide-
lines for malignant PEComa
[16], with one exception [17].
TFE3 rearrangements have been found in sub-
sets of PEComas, which include a lack of TSC2
inactivating mutations [18, 19], as well as
strongly exhibited diffuse positive expressions
of HMB-45 and TFE3, weakly positive expres-
sions of SMA, and negative expressions of
Melan A [19], with no evident responses to
mTOR inhibitors [18].
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Based on the results obtained by Dr. Folpe,
PEComa tumors have been conferred to a
three-tier classification system which includes
benign, uncertain malignant potential, and
malignant tumor categories. This classification
system was used to identify five high-risk fea-
tures. These high-risk indicators include: 1.
Tumor sizes > 5 cm; 2. Infiltrative growth pat-
terns with high nuclear grades and cellularity;
3. Mitotic rate > 1/50 HPF; 4. Necrosis; and 5.
Vascular invasion. Any tumors that meet at
least two of the aforementioned features
should be considered as malignant PEComas.
It has been found that the PEComas of uncer-
tain malignant potential can harbor either
nuclear pleomorphism and multinucleated
giant cells, or cells with diameter sizes greater
than 5 cm. Benign PEComas are considered
devoid of all high-risk features. However, it is
often difficult to confirm the accuracy of Folpe’s
criteria when distinguishing malignant from
benign PEComa tumors due to the rarity of
PEComa cases [6].

In the present study, cellular polymorphism,
multinucleated giant cells, and hemorrhage
and coagulative necrosis were observed to be
scattered or focal in the examined tissues, but
not extensive. Although those features were
found to be positively correlated and were quite
common in the tumors with diameters larger
than 5 cm, the low proliferation index and rare
mitosis, along with the lack of high nuclear
grade and cellularity and no obvious vascular
invasions, had indicated uncertain malignant
potential, but not malignancy. PEComas under-
going metastasis, recurrence, and aggressive
clinical courses are thought to be malignant.
The lungs are a common metastatic site of
such PEComa tumors. In a previous study, the
results of 40 cases of renal AML revealed that
approximately 50% of the cases had demon-
strated disease progression [20]. Recently,
cases of pulmonary metastasis have been
reported from uncertain malignant potential or
aggressive renal angiomyolipoma [21, 22] and
malignant perivasular angiomyolipoma cases
have even been found to have developed in
femur [23]. Additionally, the continuous increas-
es in tumor sizes can potentially result in spon-
taneous ruptures which may lead to acute and
even lethal bleeding in patients.
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