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Abstract

Background: Perivascular epithelioid cell neoplasm (PEComa) in a child is very rare. We herein report the first malig-
nant case of PEComa developing in the liver of a pediatric patient.

Case presentation: A 10-year-old boy visited a private clinic with prolonged fever of unknown etiology. Abdomi-
nal ultrasonography was performed to evaluate the fever's origin, revealing a large tumor in the liver. He was thus
referred to a nearby hospital to investigate the tumor further. Enhanced computed tomography (CT) showed a

6.8 X 5.9 x 10.5-cm solid lesion on S4 and S5. On magnetic resonance imaging (MRI), the tumor had a low signal
intensity on T1 imaging and high signal intensity on T2 imaging, with partial diffusion restriction. '®F-fluorodeoxy-
glucose-positron emission tomography (FDG-PET) showed a marked uptake in the mass lesion with no evidence of
metastasis. The patient was negative for all tumor markers, including AFP, CEA and PIVKA-II. The results of a needle
biopsy suggested hepatocellular carcinoma. The tumor’s rapid growth suggested malignancy. Hepatic segmen-
tectomy (5S4 4 S5 + S8) was performed. The tumor was resected en bloc with a margin. Microscopically, the tumor
showed atypical spindle, polygonal or oval-shaped cells with a high nuclear grade, and vascular invasion. Immunohis-
tochemistry was positive for alpha-smooth muscle antigen (a-SMA), human melanin black-45 (HMB-45) and melan A.
The pathological diagnosis was malignant PEComa. In the 6 months after surgery, the patient complained of shoulder
pain. MRl showed a dumbbell-shaped tumor at the 2nd thoracic vertebrae, which was confirmed to be bone metas-
tasis of PEComa. After chemotherapy, including ifosfamide and doxorubicin, vertebrectomy was performed. Two years
later, thoracoabdominal CT showed a 10-cm solid mass occupying the pelvis and a 15-mm nodule in the middle lobe
of the right lung. Under a diagnosis of peritoneal and lung metastases, they were surgically removed and metastasis
of PEComa was pathologically confirmed. Four months after the 2nd relapse, pelvic metastasis appeared again and
mTOR (mammalian target of rapamycin) inhibitor was initiated. To our knowledge, this is the first report of malignant
hepatic PEComa in a pediatric patient.

Conclusion: Although extremely rare, malignant hepatic PEComa can develop in a child.

Keywords: Perivascular epithelioid cell neoplasm (PEComa), '®F-fluorodeoxyglucose-positron emission tomography
(FDG-PET), Hepatocellular carcinoma, Segmentectomy

Background
The term perivascular epithelioid cell neoplasm
(PEComa) was first described by Zamboni et al. in
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of tumors is now called the PEC tumor family and
includes angiomyolipoma (AML), clear-cell sugar
tumor of lung (CCST) and lymphangioleiomyomatosis
(LAM), along with a number of immunophenotypi-
cally and morphologically similar rare tumors arising
from the abdominal organs, soft tissues and bones [3].

However, the definitions of PEComa and AML have
often been confused. Strictly, the term ‘PEComa’ is
reserved for the group of tumors and is also used to
refer to relevant lesions that cannot be specifically
classified as AML, CCST or LAM [4]. However, these
lesions are regarded by many global experts as the
same entity. The incidence of PEComa is not clear,
even in adult patients, but it is known to be very rare,
especially in children. The biological characteristics of
PEComa vary widely, ranging from benign to malig-
nant. Most cases of PEComa have been described as
showing benign behavior, but a few malignant cases
in children have been reported in the literature [3, 5].
Still, such lesions are quite rare, with fewer than 40
malignant PEComas having been reported in pediatric
populations around the world [6].

To our knowledge, there have been no previous
reports of a malignant hepatic PEComa developing in
a child. Therefore, we report the first pediatric case of
a malignant PEComa that developed in the liver of a
10-year-old boy.
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Case presentation

A 10-year-old boy who was otherwise healthy visited a
private practice due to high fever, which had persisted
for about 1 month. A blood test showed a high level of
C-reactive protein (13.1 mg/dl; normal value:<0.01 mg/
dl), so he was referred to a nearby hospital for a further
investigation.

Abdominal ultrasonography at that hospital revealed a
solid large tumor in the liver (approximately 6.3 x 5.3 cm
at the time). Enhanced computed tomography (CT)
showed that the tumor was mainly located at S4 and
S5 in the liver (Fig. 1). The tumor was well-circum-
scribed and showed gradual weak enhancement from
the arterial phase to the portal phase. On magnetic
resonance imaging (MRI), the tumor showed low inten-
sity on T1-weighted imaging and a high intensity on
T2-weighted imaging, with partial diffusion restric-
tion (Fig. 2). '8F-fluorodeoxyglucose-positron emission
tomography (FDG-PET) showed the marked uptake of
EDG by the tumor, with an early maximum standard-
ized uptake value (SUV_,,) of 8.8 (Fig. 3). There was
no evidence of distant metastasis on any of the imaging
modalities.

The levels of tumor markers, including o-fetoprotein
(AFP), protein induced by vitamin-K antagonist-II
(PIVKA-II), carcinoembryonic antigen (CEA), and
carbohydrate antigen 19-9 (CA19-9), were all within
the normal limits. Based on these findings, the most
likely differential diagnosis was suspected to be

weak enhancement in both the arterial and portal phases (b)

Fig.1 CT findings. CT shows a 7.7 x 8.8 x 12.0-cm tumor located mainly in S4 and S5 of the liver (a). It was well-circumscribed and showed gradual
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Fig. 2 MRIfindings. The tumor shows low intensity on T1-weighted imaging (a) and high intensity on T2-weighted imaging (b) with partial
diffusion restriction (c)
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Fig. 3 FDG-PET findings. FDG-PET shows the tumor to have a high FDG uptake (SUVmax: 8.8) (b) with no signs of distant metastasis ()
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undifferentiated sarcoma; thus, he was referred to our
hospital for surgical treatment.

First, to confirm the diagnosis and develop an opera-
tion plan, a core needle biopsy was performed at our
hospital. Based on the findings of the preoperative
examination, including the biopsy results, the preopera-
tive diagnosis was suspected hepatocellular carcinoma.
The Child-Pugh score was 8 (albumin, 3; prothrombin
time, 2; bilirubin, 1; ascites, 1; and encephalopathy, 1),
and the indocyanine green retention rate (ICG-R15) was
2.9%. On enhanced CT just before the operation, the
tumor was 8.7 x 10.4 x 13.1 cm in size, showing marked
growth within a one-month period. We planned to per-
form elective surgical resection by laparotomy. At the
operation, a large mass was located in the central por-
tion of liver with no findings of peritoneal dissemina-
tion or intra-abdominal metastasis. The tumor involved
liver segments 4, 5 and 8; however, the dorsal portion
of segment 8 had been spared. The tumor did not actu-
ally invade Glisson’s sheath at the liver hilum, and the
distance between the tumor and the umbilical portion
of portal vein was 1 cm. After removing the gallbladder,
hepatic parenchymal transection was performed with a
water-jet hybrid knife (erbe JET2®; Erbe Elektromedizin
GmbH, Tubingen, Germany) using the Pringle maneuver
while confirming the tumor location using intraoperative
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ultrasonography. The dorsal portion of Segment 8 was
successfully preserved. The blood supply of the area was
confirmed by intraoperative ultrasonography after resec-
tion. Finally, the tumor was resected en bloc with a mar-
gin. The operative time was 521 min, and the blood loss
was 490 ml. He was transferred to the previous hospital
on postoperative day 12. Macroscopic findings showed
a yellowish white, solid tumor of 10 x 9 c¢cm in size with
hemorrhage and necrosis (Fig. 4). Although the tumor
was well-circumscribed macroscopically, in a histopatho-
logical examination, the tumor cells showed an infiltra-
tive growth pattern (Fig. 5a) and vascular invasion was
observed (Fig. 5b). The tumor was composed of polygo-
nal or oval-shaped cells arranged around blood vessels
(Fig. 5¢), spindle cells arranged in fascicles (Fig. 5d), and
round epithelioid cells with clear cytoplasm (Fig. 5e).
Tumor cells showed a high nuclear grade and multinu-
cleated giant cells were also noted (Fig. 5f, indicated with
yellow arrows). Mitotic figures were easily recognized;
the mitotic activity was 30/50 hpf, including abnormal
mitosis (Fig. 5f, highlighted with a red arrow). Immu-
nohistochemistry revealed that some cells were posi-
tive for a-SMA and melan A, while approximately 50%
of cells were positive for HMB-45 (Fig. 6). These histo-
pathological findings, along with immunoreactivity with
melanocytic markers, were consistent with a diagnosis

Fig. 4 Histopathological findings (macroscopic). A yellowish white, solid 10 x 9-cm tumor is seen, showing hemorrhaging and necrosis
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tumor is composed of polygonal or oval-shaped cells arranged around blood vessels (c), spindle cells arranged in fascicles (d), and round epithelioid

cells with clear cytoplasm (e). Multinucleated giant cells are also noted (f, highlighted with yellow arrows). Mitotic figure was easily recognized,
including abnormal mitosis (f, highlighted with a red arrow)
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Fig. 6 Immunohistochemical findings. Immunohistochemistry showed a-SMA (a) and melan A (c) were positive in some cells, while HMB-45 (b)
was positive in about 50% of cells
N\
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of perivascular epithelioid cell tumor. The diagnosis was
also confirmed by a central review committee in the
Japan Children’s Cancer Group (JCCG). After discharge
from our hospital, he was followed up at another hos-
pital. In the 6th month after the initial surgery, he com-
plained of shoulder pain. MRI showed dumbbell-like
shaped tumor at the 2nd thoracic vertebrae, which was
confirmed to be bone metastasis of PEComa by biopsy.
After reducing the tumor size by chemotherapy (includ-
ing ifosfamide and doxorubicin), vertebrectomy was per-
formed. Postoperatively he suffered from cerebrospinal
fluid leakage and meningitis, which were treated by van-
comycin. Additional therapy was judged to be unneces-
sary because no viable cells were found in the specimen.
At two years from the relapse, in a regular follow-up
visit, thoracoabdominal CT showed a 10-cm solid mass
occupying the pelvis and a 15-mm nodule in the middle
lobe of the right lung. The pelvic tumor was extirpated
by laparotomy, while a nodule in right lung was removed
in a thoracoscopic procedure. A pathological examina-
tion revealed that both lesions were PEComa, and genetic
alteration of the TSC2 gene was identified in tumor cells.
At four months after second relapse, pelvic metasta-
sis appeared again. Since the third relapse, he has been
carefully treated with a mammalian target of rapamycin
(mTOR) inhibitor.

Discussion

PEComa is a mesenchymal neoplasm with no definite
origin that mainly affects young female adults [7]. Pedi-
atric cases are rare. Thus far, fewer than 40 PEComas in
children have been reported in the relevant literature
[6]. PEComa can occur anywhere, including the uterus,
vulva, rectum, urinary bladder, abdominal wall and
pancreas [8, 9]. However, hepatic PEComa is relatively
rare. Maebayashi et al. conducted a systematic review
of hepatic PEComas [10], reporting nine men and 64
women with a median age of 46 years old and minimum
age of 17 years among both PEComa and AML patients.
PEComa seems to be an extremely rare entity among
pediatric liver tumors. Furthermore, the biological
behavior of most PEComas, despite being able to occur
almost anywhere, is largely benign, with only a small por-
tion showing malignant behavior [3, 5]. Even in adults,
the number of case reports of malignant hepatic PEComa
are limited (Table 1). To our knowledge, this is the first
report to describe the development of malignant hepatic
PEComa in a child.

The preoperative definitive diagnosis of PEComa based
on radiology is considered very difficult. Chen et al
reported the imaging characteristics of seven patients
with hepatic PEComa [11]. The CT images of four
patients who underwent enhanced scanning showed that
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the lesion became intensely enhanced in three patients
(75%), with no clear enhancement observed in one
patient (25%). The images from the portal and delayed
phases showed variable findings. In the present case,
the tumor gradually showed weak enhancement in both
the arterial and portal phases. CT findings are not use-
ful for differentiating PEComa. In the study by Chen et al.
on MRI, 3 cases showed a slightly hypointense signal on
T1-weighted imaging and a slightly hyperintense signal
on T2-weighted imaging (100%) [11]. These results are
compatible with those of our case. Since these findings
are not typical of PEComa, MRI findings alone cannot
lead to a definitive diagnosis of PEComa.

A definitive diagnosis of PEComa can only be
obtained by pathological examinations. Fine-needle
aspiration biopsy (FNAB) has been considered manda-
tory for a majority of patients [12]; however, a definite
diagnosis was achieved in only a few cases [13]. This
may be because the tissue volume obtained by FNAB
is not sufficient to make a diagnosis, and PEComas are
not often considered by pathologists due to their rarity,
especially in children. In our case, we first suspected
undifferentiated sarcoma based on imaging studies
and tumor makers. Thus, we performed core needle
biopsy, although open biopsy is often preferable to nee-
dle biopsy for the accurate diagnosis of liver tumors in
children. If the result was ambiguous, we would have
next performed open or laparoscopic biopsy in order
to obtain an adequate volume of tumor tissue. Accord-
ing to the latest World Health Organization (WHO)
criteria, PEComas are mesenchymal tumors composed
of distinctive cells that show a focal association with
blood vessel walls and which usually express melano-
cytic and smooth-muscle markers [14]. The key immu-
nological markers for the precise diagnosis are a-SMA,
HMB-45, and melan A [15]. In our case, some cells were
positive for «-SMA and melan A, while approximately
50% of cells were positive for HMB-45. The percent-
age of HMB-45- and/or melan A-positive cells in each
case was not documented or discussed in the relevant
literature. In the figures presented by Folpe et al. HMB-
45-positive cells and SMA-positive cells were focal (not
the diffuse positive pattern), although the precise per-
centage of positive cells is not mentioned in the litera-
ture [3]. They indicated that some PEComa cases may
be negative for melan A, highlighting the importance
of careful evaluation or melanocytic differentiation,
using both HMB-45 and melan A. Similarly, the ratio
of a-SMA-positive cells was not clear. In the figures in
a report by Nie et al. there seemed to be partial a-SMA
positivity (not a diffusely positive pattern), indicating
that SMA positivity may be variable in PEComa cases
[16]. Folpe et al. also noted that occasional PEComas
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are actin-negative, raising caution that actin negativ-
ity does not exclude the diagnosis of PEComa [3]. We
concluded that the tumor in our case is consistent with
PEComa based on the histopathological findings along
with the immunoreactivity with melanocytic markers
and focal positivity for a-SMA.

The definitive criteria for distinguishing between
benign and malignant lesions have not yet been estab-
lished for PEComa. Folpe et al. proposed criteria for
categorizing PEComas into three groups according to
their pathological characteristics: benign, malignant
and uncertain malignant potential [9]. The worrisome
features in those criteria were as follows: (1) tumor
size>5 c¢m; (2) high nuclear grade; (3) hypercellularity;
(4) mitotic rate of >1/50 high-power fields; (5) necrosis;
(6) infiltration into the surrounding normal parenchyma
and (7) vascular invasion. Lesions with more than two
of these features were considered malignant; the pre-
sent case had all seven features. However, the fact that
discrepancies between histological findings and clinical
behavior have been observed in some PEComa patients
should be noted. Partfitt et al. reported a case wherein
hepatic PEComa with benign histological features pre-
sented with distant metastasis to multiple sites 9 years
after surgery [5]. Apart from Folpe’s criteria, some immu-
nohistochemical markers are noteworthy for allowing
malignant PEComa to be distinguished from benign
PEComa [17, 18]. Janks et al. suggests that immuno-
histochemical staining of CD117 may predict clinical
behavior, on the basis that some studies have confirmed
that tumor cells show diffuse cytoplasmic positivity for
CD117 in benign AMLs, while the downregulation or
loss of CD117 expression has been observed in a propor-
tion of malignant AML cases [17]. We investigated the
expression of CD117, and tumor cells were negative for
CD117. The loss of CD117 expression in the tumor cells
in our case supports its malignant potential.

BE-FDG PET/CT has also shown potential utility in
the differentiation of malignant and benign PEComas.
Previous reports have shown that all malignant PECo-
mas (n=4) demonstrated an intense FDG uptake in both
the primary lesion and metastatic foci, with SUV_,, val-
ues ranging from 3.19 to 72.2. However, 55 of 62 benign
PEComas exhibited a low or negative FDG uptake on
PET imaging, with SUV . values lower than 2.0. [19].
The high uptake of FDG in our case also suggests malig-
nancy. In contrast, a relatively high intensity on diffu-
sion-weighted MRI is not necessarily consistent with
malignancy. Case reports that describe the MRI find-
ings in adults with malignant hepatic PEComa are lim-
ited in number (Table 1). The relationship between the
diffusion-weighted MRI findings and malignant behavior
were not clear in other studies [11, 16].
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Surgical resection is believed to be the only curative
treatment for PEComa. In the adult cases of malignant
hepatic PEComa, lobectomy was most often performed,
followed by trisegmentectomy, and partial hepatectomy
(Table 1). One case underwent liver transplantation for
recurrent disease [20]. The minimum degree of resec-
tion that is acceptable for hepatic PEComa has not been
established, as the optimal surgical margins for hepatic
PEComa are unclear. In our case, central bisegmentec-
tomy was performed, as the tumor was located in the
central portion of liver and the dorsal portion of S8 was
preserved in consideration of the residual liver function.
In volumetry the residual liver volume was estimated to
be adequate even if the whole S8 was resected. However,
we were concerned that the real residual liver function
might be smaller than that estimated by volumetry con-
sidering the general condition, high level of inflamma-
tion, and hypoalbuminemia. Complete resection (RO)
with a margin was possible, even preserving the dorsal
portion of S8. Our patient subsequently presented with
relapses at multiple sites. Whether or not the operative
method influences the tendency for relapse is unclear.
Nevertheless, it is important to prepare a surgical strat-
egy to secure an adequate tumor margin according to the
patient’s condition.

No effective medical treatment has been established
for patients with advanced disease. Some authors have
reported the efficacy of sirolimus, an oral mTOR inhibi-
tor, for metastatic PEComa patients [21-23]. The acti-
vation of the mTOR pathway through the loss of the
tuberous sclerosis complex 1 (TSC1)/TSC2 repressor
complex seems to be a common pathogenic event in
PEComas [24]. Thus, mTOR inhibitors may prove useful
as a new therapeutic approach for PEComa [21]. In our
case, genetic alteration in the TSC2 gene was identified in
tumor cells, so an mTOR inhibitor was started after the
second relapse. Even in adult cases of malignant hepatic
PEComa, there is only one reported case that describes
the use of an mTOR inhibitor as neoadjuvant therapy.
The effectiveness of mTOR inhibitor treatment would
affect the prognosis of patients with advanced malig-
nant hepatic PEComa. Immunohistochemistry to detect
p70S6K would be useful as a possible indicator of the effi-
cacy of mTOR inhibitor treatment [6]. Unfortunately, we
could not perform p70S6K immunostaining due to tech-
nical limitations.

Some researchers have proposed a short-term obser-
vation strategy [25, 26]. According to their strategy,
when hepatic PEComa is suspected, FNAB combined
with HMB-45 staining should be performed in all
asymptomatic patients with lesions of<5 c¢m in size
who has shown no serological abnormalities. If the
diagnosis is confirmed by FNAB and pathomorphology
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indicates a benign pattern, careful observation with
serial imaging follow-up is recommended. Although
this strategy seems to be practical, close attention is
required, as some PEComas have the potential to grow
very rapidly in a short period, as occurred in our case.
Nguyen et al. suggested that the following features
could be used for differentiation between benign and
malignant hepatic PEComa: cytologic atypia, coagu-
lative necrosis, larger tumor size (>10 c¢m), CD117
negativity, and clinical evidence [27]. When hepatic
PEComa is suspected in a pediatric patient—when
possible—open or laparoscopic biopsy should be per-
formed in order to obtain an adequate volume of tumor
tissue. We recommend an immunohistochemical exam-
ination to detect CD117 and HMB-45. In case with
a tumor of>10 cm in size, a rapid growth pattern, or
CD117 negativity, malignancy should be strongly sus-
pected and surgical resection should be considered
without delay. If the tumor is already inoperable or
shows borderline resectability, mTOR inhibitor treat-
ment should be considered—after confirming immu-
nohistochemical positivity for p70S6K—as this may
provide a chance to perform resection after the shrink-
age of the tumor. Liver transplantation would be a final
choice of treatment for cases of advanced disease with-
out distant metastasis.

Conclusion

Although extremely rare, malignant hepatic PEComa can
develop in a child. It is important to achieve an accurate
diagnosis of PEComa and to include it in the differential
diagnosis of large liver masses, regardless of the patient’s
age. Complete resection is the most important factor for
ensuring long-term survival.
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