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Key points

� Mesenchymal hamartoma and undifferentiated embryonal sarcoma of the liver are related tumor
types that both harbor chromosome 19q13.3/13.4 structural alterations; TP53 alterations are common
in undifferentiated embryonal sarcoma and absent in mesenchymal hamartoma.

� Calcifying nested stromal-epithelial tumor is a rare primary hepatic neoplasm that shows epithelial
(but not hepatocellular) differentiation, nested architecture, and CTNNB1 and TERT promoter
alterations.

� Anastomosing hemangioma and hepatic small vessel neoplasm (HSVN) are rare benign vascular tu-
mors that harbor GNAQ, GNA11, and GNA14 mutations. HSVN shows infiltrative growth but the
lack of nuclear atypia or endothelial multilayering separates it from angiosarcoma.

� Epithelioid hemangioendothelioma frequently presents with multifocal hepatic masses and harbors
WWTR1::CAMTA1 or, rarely, YAP1::TFE3 fusion. Keratin expression is a diagnostic pitfall for misdiag-
nosis of carcinoma, and atypical examples can resemble angiosarcoma.

� In the liver, metastases are more common than primary malignancies; metastatic sarcomatoid carci-
noma and metastatic melanoma should be considered in the differential diagnosis for sarcomatoid
malignancies.
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ABSTRACT
om
M esenchymal neoplasms of the liver can be
diagnostically challenging, particularly on
core needle biopsies. Here, I discuss

recent updates in neoplasms that are specific to
the liver (mesenchymal hamartoma, undifferenti-
ated embryonal sarcoma, calcifying nested stro-
mal-epithelial tumor), vascular tumors of the liver
(anastomosing hemangioma, hepatic small vessel
neoplasm, epithelioid hemangioendothelioma,
angiosarcoma), and other tumor types that can
occur primarily in the liver (PEComa/angiomyoli-
poma, inflammatory pseudotumor-like follicular
dendritic cell sarcoma, EBV-associated smooth
muscle tumor, inflammatory myofibroblastic tu-
mor, malignant rhabdoid tumor). Lastly, I discuss
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metastatic sarcomas to the liver, as well as pitfalls
presented by metastatic melanoma and sarcoma-
toid carcinoma.

OVERVIEW

Mesenchymal neoplasms of the liver can be chal-
lenging to diagnose, in part because diagnostically
helpful architectural features can be poorly repre-
sented in core needle biopsies. The rarity of pri-
mary mesenchymal neoplasms also contributes
to their diagnostic challenge. Primary mesen-
chymal neoplasms specific to the liver include
mesenchymal hamartoma of the liver (MHL), undif-
ferentiated embryonal sarcoma of the liver (UESL),
and calcifying nested stromal-epithelial tumor
(CNSET). I will discuss the diagnosis of these
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tumor types, as well as recent studies that have
elucidated their clinical behavior and underlying
tumor biology.
The spectrum of vascular tumors includes anas-

tomosing hemangioma (benign), hepatic small
vessel neoplasm (HSVN; a benign but sometimes
locally aggressive tumor), epithelioid hemangioen-
dothelioma (EHE; a sarcoma that often has a pro-
tracted clinical course), and hepatic angiosarcoma
(a definitionally high-grade, aggressive sarcoma).
Despite their disparate clinical courses, these tu-
mor types can be challenging to distinguish on
core biopsies. Herein, I will discuss useful histo-
pathologic features to distinguish these tumor
types, as well as their clinical behavior and recent
updates in our understanding of their
pathogenesis.
Finally, I will discuss other mesenchymal tumors

that can primarily involve the liver, including peri-
vascular epithelioid cell tumor (PEComa)/angio-
myolipoma, inflammatory pseudotumor-like
follicular dendritic cell sarcoma (FDCS), Epstein
Barr virus (EBV)-associated smooth muscle tumor,
inflammatory myofibroblastic tumor (IMT), and
malignant rhabdoid tumor (MRT). Because most
malignant neoplasms in the liver are metastases,1

I will also discuss metastatic melanoma and sar-
comatoid carcinoma, both of which have the po-
tential to be misdiagnosed as sarcoma.

PRIMARY MESENCHYMAL NEOPLASMS

UNIQUE TO THE LIVER

Primary mesenchymal neoplasms that are specific
to the liver are uncommon and include MHL,
UESL, and CNSET (Table 1).

MESENCHYMAL HAMARTOMA AND

UNDIFFERENTIATED EMBRYONAL SARCOMA

OF THE LIVER

MHL is a benign tumor type that typically occurs in
patients aged younger than 2 years and is gener-
ally cured by surgical resection.2 MHL usually pre-
sents as a solitary mass, which can sometimes be
large and have a prominent cystic component.3,4

Histologically, it is composed of an admixture of
benign bile ducts and haphazardly arranged,
bland spindle cells in a variably myxoid to collage-
nous stroma (Fig. 1).
MHL is characterized by recurrent alterations of

chromosome 19q13.3/13.4,5,6 including t(11;19)
(q11;q13.3/13.4) involving MALAT1 on chromo-
some 11.7 These chromosomal alterations are
present in the spindle cells but not the admixed
bile ducts, suggesting that the latter are a non-
neoplastic component of the lesion.7 A recent
case report implicated DICER1 alterations in
MHL8; however, the tumors in this report are un-
usual cystic lesions that do not seem to meet
morphologic criteria for MHL and might instead
represent distinctive DICER1-associated hepatic
neoplasms.9,10

UESL is an aggressive malignancy that occurs in
children and young adults, with a median age at
presentation of around 5 to 10 years.11 UESL
tends to present as a large, sometimes painful
mass. Although in initial studies UESL was associ-
ated with high mortality rate,11 subsequent studies
have shown that patients with surgically resect-
able disease achieve long-term disease-free sur-
vival with combined surgery/chemotherapy in
most cases.12–15 Histologically, UESL shows
markedly pleomorphic neoplastic cells, some of
which show spindle cell morphology. Characteris-
tically, there are tumor giant cells that show prom-
inent cytoplasmic hyaline globules (Fig. 2A). The
diagnosis is based largely on morphology because
UESL shows a nonspecific immunophenotype
including expression of desmin and keratins in
about 50% of cases each (Fig. 2B–C).16 The differ-
ential diagnosis primarily includes other pleomor-
phic sarcomas but the rarity of pleomorphic
sarcomas in young patients makes differential
diagnostic considerations such as metastatic
dedifferentiated liposarcoma (DDLPS) much less
likely. A recent report of a rhabdoid tumor of the
liver harboring t(11;19) raises the possibility that
the morphologic spectrum of UESLmight be wider
than previously recognized, although more exam-
ples need to be studied to make this
determination.17

There are examples of UESL ex-MHL, strongly
suggesting that these tumor types share a com-
mon biology.15 Consistent with this notion, UESL
was found to harbor just the same chromosome
19 alterations as MHL.7 This chromosome
19q13.3 to 13.4 locus contains chromosome 19
micro-RNA cluster (C19MC), the largest known
human micro-RNA (miRNA) cluster that codes for
dozens of miRNAs.18 C19MC is primate-spe-
cific,18 and it represents an imprinted locus, in
which expression of the maternal allele is silenced
while the paternal allele is expressed during
placental development.19 An alternate, unusual
genetic mechanism drives another subset of
MHL: “androgenetic-biparental mosaicism,” in
which tumor cells harbor 2 copies of the paternal
allele, instead of 1 copy each of maternal and
paternal alleles.20 In this subset of cases, one
allele is demethylated and expressed in the
absence of a structural rearrangement, whereas
the other remains methylated and silenced.
C19MC expression has been implicated in



Table 1
List of primary hepatic mesenchymal neoplasms with genetic and immunohistochemical features

Neoplasm(s)
Genetic Alteration
(Prevalence) IHC Markers (Sensitivity)

MHL 19q13.3/13.4 alterations
(100%)a

No specific markers

UESL � 19q13.3/13.4 alterations
(80%–100%)

� TP53 alterations (90%)
� Complex copy number al-
terations (100%)

� No specific markers
� Keratins, desmin (50% each)

CNSET � CTNNB1 alterations
(100%)

� TERT promoter mutations
(100%)

b-catenin (100%)

Anastomosing hemangioma
HSVN

� GNAQ mutations
� GNA11 mutations
� GNA14 mutations

� No specific markers
� Ki-67 < 10%

EHE WWTR1::CAMTA1 (90%) CAMTA1 (w100% for CAMTA1
fusions)

YAP1::TFE3 (5%) TFE3 positive, YAP1 loss (w100%
for YAP1::TFE3 fusion)

Primary angiosarcoma � MAPK pathway alter-
ations (50%)

� TP53 inactivating alter-
ations (20%–30%)

� KDR and/or PLCG1 alter-
ations (25%)

� CIC alterations (5%–10%)b

p53 mutant pattern (w20–30%)

PEComa/angiomyolipoma TSC1/TSC2 alterations (90%) � HMB-45/melan-A (80%–90%
each)

� SMA/desmin (95% positive for
�1 marker)

TFE3 rearrangements (5%–
10%)

TFE3 (correlates with fusions)

Inflammatory pseudotumor-like
follicular dendritic cell sarcoma

Not yet well defined � CD21, CD35 (90% each)
� EBV RNA ISH (100%)

EBV-associated smooth muscle
neoplasm

Not yet well defined � SMA, desmin (w100%)
� EBV RNA ISH (100%)

IMT � ALK1 fusions (50%–60%)
� ROS1 fusions (w5%)

ALK, ROS1 (correlate with fusions)

Malignant rhabdoid tumor SMARCB1 inactivating
alterations (w100%)

INI1 loss (w100%)

Solitary fibrous tumor NAB2::STAT6 (>95%) STAT6, CD34 (w95% each)

Embryonal rhabdomyosarcoma � Chromosome 11p15.5 loss
of heterozygosity

� Nonspecific mutations

Desmin, myogenin, myo-D1
(w100%)

Abbreviations: IHC, immunohistochemistry; SMA, smooth muscle actin; ISH, in situ hybridization.
a DICER1 alterations have been reported in lesions bearing some resemblance to mesenchymal hamartoma.
b 30% of CIC-rearranged round cell sarcomas express CD31 and 50% express ERG; therefore, some reported angiosar-

comas with CIC rearrangement might instead represent CIC-rearranged round cell sarcomas.
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tumorigenesis of other hepatocellular neoplasms,
including hepatocellular carcinoma, possibly
because its miRNAs inhibit tumor suppressor
genes and thus promote tumorigenesis.21,22
Because MHL and UESL are likely related neo-
plasms that harbor common C19MC alterations,
studies have investigated the genetic features
that might explain their disparate clinical behavior



Fig. 1. MHL. (A) Mesen-
chymal hamartoma shows
a proliferation of bland
spindle cells, with haphaz-
ardly admixed benign bile
ducts and small lobules of
hepatocytes. It has been
shown that the spindle cells
are neoplastic, whereas the
bile ducts are not. (B) On
higher power, the spindle
cells show pale eosinophilic
cytoplasm and tapered
nuclei. There is no cytologic
atypia.
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and/or progression from MHL to UESL. Published
examples of UESL occurring in the setting of Li-
Fraumeni syndrome implicated TP53 alterations,23

and additional studies demonstrated complex kar-
yotypes in UESL.15,24 A recent molecular genetic
study of 13 UESL by Setty and colleagues system-
atically investigated this question; these re-
searchers identified C19MC structural alterations
in 10 of 13 tumors, TP53 mutations/copy number
loss in 12, and complex copy number alterations
in all 13.25 The authors also demonstrated
C19MC miRNA overexpression in all 13 tumors.
Ultimately, this study and others considered
together have shown that MHL and UESL exist
on a biologic spectrum, and that UESL has com-
plex copy number alterations and TP53 inactiva-
tion that genetically distinguish it from MHL.
CALCIFYING NESTED STROMAL-EPITHELIAL

TUMOR

CNSET is a primary liver tumor that was first
described in 2001,26 and described subsequently
mostly in small case series and isolated case re-
ports. Literature surveys in 2019 identified 38
unique published examples, which occurred in
young patients (median age: 14 years; range: 2–
34 years), 70% of whom were female.27,28 Some
patients presented with Cushing syndrome,29,30

and some tumors occurred in association with
Beckwith-Wiedemann syndrome,31,32 but other-
wise presentations were nonspecific. Morphologi-
cally, CNSET shows nests of neoplastic epithelioid
cells with palely eosinophilic cytoplasm and ovoid
nuclei with small nucleoli (Fig. 3A–B). The nests



Fig. 2. UESL. (A) UESL is an
overtly malignant, highly pleo-
morphic sarcoma. Neoplastic
cells show intracytoplasmic hy-
aline globules, a characteristic
feature. (B, C) IHC in UESL.
UESL is essentially a morpho-
logic diagnosis. It has a nonspe-
cific immunophenotype; about
half express desmin (B), and
about half express keratins (C,
pan-keratin).
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Fig. 3. CNSET. (A) CNSET shows nests of epithelioid neoplastic cells in a fibrotic stroma. Bone formation is present
in just more than half of tumors. There are multiple foci of dense hyaline osteoid matrix in this example. (B) On
higher power, the neoplastic cells show monomorphic ovoid nuclei with open chromatin and small, distinct
nucleoli. This example shows calcifications within the tumor nest. (C) Nuclear b-catenin expression confirms
the diagnosis of CNSET, which harbors recurrent CTNNB1 alterations. (D) Nuclear WT-1 expression is also present
in about 80% of CNSET. WT-1 and b-catenin expression, in conjunction with negativity for synaptophysin and
chromogranin, help distinguish CNSET from metastatic well-differentiated neuroendocrine tumor.
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are embedded in a characteristically abundant,
spindled stroma, and there are bile ductular reac-
tions around tumor nests in some cases. More
than half of tumors show bone formation, and ami-
nority show spindle cell morphology and/or clear
cell features. Although CNSET shows epithelial dif-
ferentiation, with consistent expression of kera-
tins,29 it lacks expression of hepatocellular or
biliary proteins such as HepPar-1, arginase-1,
and albumin (by in situ hybridization; ISH).33 An
initial molecular genetic study demonstrated the
presence of CTNNB1 exon 3 deletions in 2
sequenced tumors.34 Consistent with these find-
ings, CNSET uniformly shows nuclear expression
of b-catenin, and it also shows nuclear expression
of WT-1 in about 80% of cases (Fig. 3C–D).27,34,35

Until recently, there were only rare reports of
metastasizing CNSET,36,37 and only about 10%
to 15% of tumors were known to have recurred
locally.27,35 A recent series with long-term follow-
up demonstrated that CNSET might be more
aggressive than previously thought.33 In this se-
ries, 4 of 7 patients with follow-up developed
lung metastases, and 2 of these 4 patients also
developed abdominal metastases. One patient
with multifocal liver tumors at presentation devel-
oped lung metastases and died of disease. Molec-
ular genetic findings in this series confirmed the
presence of CTNNB1 alterations in all sequenced
tumors, including exon 3/4 deletions and acti-
vating point mutations. Additionally, TERT pro-
moter mutations were found in all sequenced
tumors. Mitoses more than 5/10 high-power fields,
multifocal liver tumors at presentation, and pres-
ence of CTNNB1 deletions all were associated
with a more aggressive clinical courses, although
these associations need further corroboration
given the small number of cases in this series.
With its nested architecture and desmoplastic-

appearing stroma, CNSET presents a pitfall for
the misdiagnosis of carcinoma or well-
differentiated neuroendocrine tumor, especially in
examples that do not show bone formation (Ta-
ble 2). Of the primary hepatocellular neoplasms,
CNSET most closely resembles hepatoblastoma,
particularly the fetal subtype. Both are composed
of monomorphic epithelioid cells, and both of
these neoplasms express nuclear b-catenin.38



Table 2
Pitfalls for the misdiagnosis of carcinoma

Pitfalls for Misdiagnosis of Conventional Carcinoma

Neoplasm Diagnostic pitfall Reasons for pitfall Clues and tests to avoid
pitfall

CNSET Metastatic carcinoma � Keratin expression
� Nested architecture

� Monomorphic
cytomorphology

� b-catenin positivity
Hepatoblastoma � Keratin expression

� Nested architecture
� Negativity for hepato-
cellular markers

Metastatic well-
differentiated
neuroendocrine tumor

� Keratin expression
� Nested architecture

� Negativity for neuroen-
docrine markers

EHE Metastatic carcinoma � Keratin expression
� Epithelioid

morphology

� Sinusoidal growth
pattern

� Positivity for vascular
markers

Angiosarcoma Carcinoma � Keratin expression
� Epithelioid

morphology

� Sinusoidal growth
pattern

� Positivity for vascular
markers

PEComa Hepatocellular carcinoma � Granular cytoplasm
� Epithelioid

morphology

� Unusually low mitotic
activity

� Keratin negativity in
most cases

Malignant rhabdoid
tumor

Carcinoma,
hepatoblastoma

� Keratin expression
� Epithelioid

morphology

� Unusually young age
� INI1 loss
� Negativity for hepato-
cellular markers

DSRCT Carcinoma � Keratin positivity
� Nested architecture
� Epithelioid

morphology

� Unusually young age for
carcinoma

� Expression of desmin

Pitfalls for misdiagnosis of sarcomatoid carcinoma

Neoplasm Diagnostic pitfall Reason for pitfall Test to avoid pitfall

Metastatic
leiomyosarcoma

Metastatic sarcomatoid
carcinoma

� Keratin positivity � Desmin usually positive

Metastatic melanoma Metastatic sarcomatoid
carcinoma

� Keratin positivity
(rare)

� Diffuse SOX10, S100
positivity

� History of melanoma is
helpful
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However, hepatoblastoma does not have the
dense fibrous stroma of CNSET, and it also ex-
presses HepPar-1, arginase-1, and albumin (the
latter by ISH), markers that can distinguish it
from CNSET.39,40 Another differential diagnostic
consideration is hepatocellular carcinoma, which
is distinguished from CNSET by the expression
of HepPar-1 and arginase-1; although hepatocel-
lular carcinoma can lose expression of these
markers,41 this loss generally occurs in poorly
differentiated tumors that would not show the
monomorphic appearance of CNSET. Finally,
CNSET shows some morphologic overlap with
metastatic well-differentiated neuroendocrine tu-
mor, which could be a diagnostic pitfall particularly
in cases of multifocal CNSET. These tumor types
are easily distinguished by immunohistochemistry
(IHC) because CNSET is consistently negative for
chromogranin and synaptophysin while well-
differentiated neuroendocrine tumors are consis-
tently positive (see Table 2).

VASCULAR NEOPLASMS

Primary vascular neoplasms of the liver can be
diagnostically challenging, particularly on core



Papke Jr8
needle biopsies in which architectural features are
not apparent. Benign hemangiomas are the most
common mesenchymal tumors of the liver, with
an estimated population prevalence of 2.5%,42

and these include sclerosed hemangioma,
cavernous hemangioma, and the more recently
described anastomosing hemangioma and
HSVN. Of these benign hemangiomas, anasto-
mosing hemangioma and HSVN are the only
ones that present a diagnostic pitfall for the misdi-
agnosis of angiosarcoma. Here, I will discuss
these 2 benign tumor types, along with EHE and
angiosarcoma (see Table 1).

ANASTOMOSING HEMANGIOMA AND

HEPATIC SMALL VESSEL NEOPLASM

Anastomosing hemangiomawas initially described
in a series of 6 tumors of the genitourinary tract,43

and subsequently it has been described to occur
in the retroperitoneum, paraspinal soft tissue, and
abdominal organs including the liver.44–46 Anasto-
mosing hemangioma is a benign vascular tumor
that shows complex, anastomosing vascular chan-
nels lined by bland endothelial cells (Fig. 4A). In
contrast to angiosarcoma, the endothelial cells in
anastomosing hemangioma are monolayered,
and the tumor does not demonstrate infiltrative
growth into hepatic parenchyma. Fibrin thrombi
are commonly present. About half of tumors show
extramedullary hematopoiesis, and about half
show intracytoplasmic hyaline globules in
neoplastic endothelial cells. IHC for vascular
markers is useful to highlight the architecture of
the lesion and to confirm the lack of endothelial
multilayering (Fig. 4B).Anastomosinghemangioma
harbors the same activating alterations that are
present in other benign hemangioma types,
including in GNAQ, GNA11, and GNA14.47–49

HSVN was originally described to have uncertain
biologic potential,50 but with longer clinical follow-
up, it is now thought to represent a benign but
sometimes locally aggressive vascular neoplasm.51

Similar to anastomosing hemangioma, HSVN
shows complex anastomosing vascular channels
surfaced by a monolayer of endothelial cells that
lack nuclear atypia. However, in contrast to anasto-
mosing hemangioma, HSVN also shows infiltrative
growth into adjacent hepatic parenchyma
(Fig. 4C), which can make it challenging to distin-
guish from angiosarcoma. This differential diag-
nosis is one of the few instances in soft tissue
pathology where Ki-67 IHC has diagnostic utility;
in one recent series, HSVN consistently showed a
Ki-67 proliferative index of less than 10%, whereas
only angiosarcomashowedahigherKi-67 prolifera-
tive index.50 However, the converse is not true, and
so a low Ki-67 does not exclude the diagnosis of
angiosarcoma. Similar to anastomosing hemangio-
ma and kaposiform hemangioendothelioma, HSVN
harbors mutations in GNAQ and GNA14, and it
lacks TP53 alterations51; therefore, p53 IHC also
has utility in distinguishing HSVN from angiosar-
coma, the latter of which shows TP53 alterations
inw20 to 30% of tumors.52,53

EPITHELIOID HEMANGIOENDOTHELIOMA

Although EHE was initially described as a tumor of
intermediate biologic potential,54 it is now known
to be a sarcoma, the prognosis of which depends
on the involved body site(s).55–57 EHE of the liver
presents with multifocal hepatic disease in about
75% of patients,57 and it presents with involve-
ment of extrahepatic body sites in about 40% of
patients.58,59 In long-term follow-up, most patients
with hepatic EHE die of disease, with roughly 40%
overall survival at 5 years of follow-up.57,59

There are 2 main morphologic variants of EHE,
each of which has distinctive clinicopathologic fea-
tures. About 90% of EHE harbor
WWTR1::CAMTA1 fusions.60–62 CAMTA1-rear-
ranged EHE shows mildly atypical neoplastic cells
that are embedded singly and in small cords in a
characteristic myxohyaline stroma (Fig. 5A). At its
interface with background hepatic parenchyma,
EHE shows a sinusoidal pattern of growth
(Fig. 5B). EHE also shows plugging of native portal
tract vessels with tumor cells, which is a helpful
diagnostic clue when present. CAMTA1 IHC is
highly sensitive and specific for EHE harboring
CAMTA1 fusion, with strong and diffuse nuclear
expression in essentially all such cases
(Fig. 5C).63,64

About 5% of EHE harbor alternate YAP1::TFE3
fusions,65 and this subtype of EHE can rarely occur
in the liver.66,67 EHE with YAP1::TFE3 fusion shows
distinctive morphology, with nests of epithelioid
endothelial cells showing voluminous, glassy cyto-
plasm and frank vasoformation (Fig. 5D). Recent
studies have shown that this subtype of EHE has
a clinical course distinct from CAMTA1-rearranged
EHE, with a higher frequency of multifocal disease
and metastasis (compared with CAMTA1-rear-
ranged EHE of all sites) but a significantly higher
5-year progression-free survival of 85% to
90%.68,69 IHC directed against the C-terminus of
YAP1 demonstrates the loss of expression in
YAP1::TFE3-rearranged EHE (Fig. 5E),70 and TFE3
IHC shows strong and diffuse nuclear expression.65

Although it is sensitive, TFE3 IHC is somewhat
nonspecific,61,71 such that only strong and diffuse
TFE3 expression in the correct morphologic
context should be used to support the diagnosis



Fig. 4. Anastomosing heman-
gioma and HSVN. (A) Anasto-
mosing hemangioma is
composed of complexly anas-
tomosing vascular channels
that lack endothelial multi-
layering or nuclear atypia. Ex-
tramedullary hematopoiesis is
a common feature, exempli-
fied here by a megakaryocyte
(arrow). (B) IHC for CD31
(shown), SMA, and/or ERG
can be useful to highlight the
lack of endothelial multilayer-
ing. In this hepatic anasto-
mosing hemangioma, CD31
highlights densely packed ves-
sels with monolayers of endo-
thelial cells. (C) Although
HSVN bears close resemblance
to anastomosing hemangio-
ma, it is distinguished by its
infiltrative interface with adja-
cent hepatic parenchyma.
Here, this HSVN can be seen
infiltrating around a native
portal tract.

Hepatic Mesenchymal Neoplasms 9



Fig. 5. EHE. (A) EHE withWWTR1::CAMTA1 fusion shows neoplastic endothelial cells scattered singly and in cords
within a characteristic myxohyaline stroma. Some cells show cytoplasmic vacuoles, a useful diagnostic feature. (B)
At the interface between tumor and background hepatic parenchyma, EHE shows an infiltrative growth pattern
along sinusoids that would be very unusual for carcinoma. (C) Nuclear expression of CAMTA1 by IHC is highly sen-
sitive and specific for the diagnosis of EHE. (D) EHE with YAP1::TFE3 fusion shows nests of epithelioid neoplastic
cells with voluminous cytoplasm, round nuclei with vesicular chromatin, and prominent nucleoli. There is also
frank vasoformation, in contrast to EHE with WWTR1::CAMTA1 fusion. (E) IHC demonstrates loss of expression
of the C-terminus of YAP1, consistent with YAP1::TFE3 fusion. TFE3 IHC (not shown) shows strong and diffuse nu-
clear staining, and both stains can be used to confirm the diagnosis in the appropriate morphologic context. (F)
Marked cytologic atypia and increased mitotic activity (arrow) are high-risk features associated with inferior
progression-free survival.
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of EHE with YAP1::TFE3 fusion. Given its distinctive
morphology, clinical course, and genetics, it seems
likely that EHE with YAP1::TFE3 fusion represents a
diagnostic entity distinct from CAMTA1-rearranged
EHE, although in the most recent WHO classifica-
tion, these tumor types share a common
classification.72
The differential diagnosis of EHE includes carci-
noma (especially metastatic carcinoma in patients
with multifocal liver disease) and epithelioid angio-
sarcoma. EHE expresses keratins in up to 60% of
cases,73 presenting a potential pitfall for the misdi-
agnosis of carcinoma (see Table 2). However, the
sinusoidal growth and myxohyaline stroma of EHE
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would be unusual for carcinoma, and these fea-
tures should prompt consideration of a vascular
neoplasm. Epithelioid angiosarcoma is another
diagnostic consideration, particularly in examples
of EHE with marked cytologic atypia (see later dis-
cussion). Because CAMTA1 IHC is highly specific
for EHE,64 I have a low threshold for performing
CAMTA1 IHC to rule out EHE before diagnosing
epithelioid angiosarcoma in the liver.

Recent studies have shown that increased
mitotic activity, large tumor size, nuclear atypia,
and pleural involvement are associated with
decreased survival.68,74,75 Shibayama and col-
leagues proposed a risk stratification model, in
which tumors were stratified into low-risk, interme-
diate-risk, and high-risk groups based on tumor
size and atypical histologic features (defined as tu-
mor necrosis, >1 mitosis/2 mm2, and/or marked
nuclear atypia) (Fig. 5F).76 In this model, low-risk,
intermediate-risk, and high-risk tumors showed
5-year overall survival rates of 100%, 81.8%, and
16.9%, respectively.76 Only 2 of 31 patients with
liver involvement in this series had high-risk tu-
mors, suggesting that high-risk liver disease is un-
common. Given that these atypical histologic
features have been associated with worse prog-
nosis in multiple studies, it is important to state
their presence if they are identified.

Recent work has elucidated our understanding of
the tumor biology of EHE and has pointed to poten-
tial treatment strategies. WWTR1 encodes TAZ,
and both YAP1 and TAZ are downstream effectors
of the Hippo pathway that regulates cell prolifera-
tion.77 In the protein resulting from
WWTR1::CAMTA1 fusion, the CAMTA1 component
promotes translocation of the fusion protein into the
nucleus, where the TAZ component can then serve
as a transcription factor.78 Expression of the
WWTR1::CAMTA1 fusion gene in a mouse model
is sufficient to drive the development of EHE,79

and the fusion proteins in both CAMTA1-rear-
ranged and YAP1-rearranged EHE subtypes have
been shown to drive oncogenic transcriptional pro-
grams.80 These programs include the expression of
connective tissue growth factor,81 a protein that
binds integrins that are thought to promote invasion
and metastasis.82,83 Integrin signaling depends on
the Ras-Mitogen-activated protein kinase (MAPK)
pathway,84 and a recent in vitro study demon-
strated that inhibition of this pathway with sorafenib
and MAPK kinase (MEK) inhibitors decreased tu-
mor cell colony formation.81 These studies provide
a biologic basis for recent clinical trials using the
MEK inhibitor trametinib in patients with metastatic
or unresectable EHE; more time is needed to deter-
mine whether this treatment is effective in prevent-
ing disease progression.
HEPATIC ANGIOSARCOMA

Hepatic angiosarcoma is a highly aggressive ma-
lignancy, with a dismal median survival of under
6 months.85 Most hepatic angiosarcomas arise
de novo, with a median age at presentation of
65 years and a slight male predominance,86

although the age range is wide and includes chil-
dren.87 Rarely, hepatic angiosarcoma can arise
due to exposure to toxins including arsenic and vi-
nyl chloride.88–91 Hepatic angiosarcoma shows a
variety of growth patterns, and most commonly,
it forms a discrete mass.92 Less commonly, it
diffusely infiltrates the liver sinusoids, a subtle
growth pattern that can be hard to recognize
(Fig. 6A–B). When hepatic angiosarcoma forms a
discrete mass, it typically forms complexly anasto-
mosing vascular channels, with cytologic atypia,
endothelial multilayering, and infiltration of hepatic
parenchyma (Fig. 6C–E). Occasional examples
show spindle cell or epithelioid morphology
without evident vasoformation, in which case the
glassy cytoplasm is a useful diagnostic clue. It is
uncommon for angiosarcoma to show prominent
nuclear pleomorphism. Even morphologically
low-grade appearing angiosarcomas have a high
risk of distant metastasis, and so angiosarcoma
is definitionally high-grade.93 IHC demonstrates
expression of CD31 and ERG in nearly all cases,
whereas the sensitivity of CD34 is only w60% to
70%.94 CD31 IHC is particularly useful to highlight
endothelial multilayering (Fig. 6F).

The differential diagnosis of hepatic angiosar-
coma is broad and depends on the tumor
morphology. Morphologically bland examples
show histologic overlap with benign vascular tu-
mors such as anastomosing hemangioma and
HSVN. However, in contrast to these benign tumor
types, angiosarcoma shows endothelial multilayer-
ing. There are no immunohistochemical stains that
reliably distinguish angiosarcoma from these
benign tumor types, although a Ki-67 proliferation
index greater than 10% or a p53 mutant staining
pattern would strongly favor the diagnosis of angio-
sarcoma in this differential.50 The differential diag-
nosis also includes EHE, which can show marked
cytologic atypia in some cases; CAMTA1 IHC is
essentially always negative in angiosarcoma, and
therefore, this marker is useful to rule out EHE with
marked cytologic atypia.63,64 Keratins are
expressed in around 30%of angiosarcomas, espe-
cially ones with epithelioid morphology, presenting
a potential diagnostic pitfall (see Table 2).95 Diag-
nostic clues for angiosarcoma include the presence
of glassy cytoplasm, cytoplasmic vacuoles, and
infiltrative growth through hepatic sinusoids, all of
which would be unusual for carcinoma. IHC for



Fig. 6. Hepatic angiosarcoma. (A, B) Hepatic angiosarcoma showing hemorrhage and sinusoidal growth. (A) This
hepatic angiosarcoma showed multiple scattered hemorrhagic foci at low power. (B) This higher power image of
the region boxed in A shows that there are rare, atypical cells in the hemorrhage (arrows), as well as a markedly
atypical cell infiltrating adjacent hepatic sinusoids. (C) This hepatic angiosarcoma shows prominent endothelial
multilayering (arrows). (D, E) Dissecting growth through hepatic sinusoids is characteristic and provides a useful
diagnostic clue. (F) IHC for CD31 highlights endothelial cells that are multilayered and that are wrapping around
residual hepatocytes.

Papke Jr12
CD31 and ERG can resolve this differential diag-
nosis, with the caveat that weak ERG positivity is
nonspecific and should be interpreted with
caution.96Given theclinical implicationsof thediag-
nosis of angiosarcoma, if there is diagnostic uncer-
tainty, then it is important to advise repeat biopsy.
The genetic features of angiosarcoma have

been partially elucidated in recent studies. MYC
amplification is characteristic of radiation-
associated angiosarcoma but only present in a mi-
nor subset of primary angiosarcoma.97,98 Instead,
primary angiosarcoma shows MAPK pathway al-
terations in about 50% of tumors and TP53 and/
or CDKN2A alterations in 20% to 30%.53 KDR
and/or PLCG1, both involved in vascular endothe-
lial growth factor signaling, are altered in about
25% of angiosarcomas, including both primary
and secondary tumors.99–101 Although angiosar-
coma was originally reported to show complex
copy number alterations in most cases,102 more
recent study identified this finding in only 25% of
cases.103 A small subset of angiosarcomas harbor
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CIC alterations, including mutations and rear-
rangements100; these tumors show epithelioid
morphology, younger than average age at presen-
tation, and more aggressive clinical behavior.100

However, it was shown recently that CIC-rear-
ranged round cell sarcomas can express ERG in
half of cases and CD31 in about a third; none of
these tumors showed vasoformation, and DNA
methylation profiling showed that these tumors
clustered with CIC-rearranged round cell sar-
comas and not angiosarcoma.104 Therefore, it
seems that a subset of CIC-rearranged round
cell sarcomas likely express vascular markers
and present a pitfall for misdiagnosis of epithelioid
angiosarcoma.

OTHER MESENCHYMAL NEOPLASMS THAT

CAN PRIMARILY OCCUR IN THE LIVER

There are several other mesenchymal neoplasms
that can occur primarily in the liver, including
PEComa/angiomyolipoma, inflammatory
pseudotumor-like FDCS, EBV-associated smooth
muscle tumor (EBV-SMT), IMT, and MRT (see Ta-
ble 1). In this section, I will briefly survey these
neoplasms, which are rare and have distinctive
features that facilitate their recognition.

PERIVASCULAR EPITHELIOID CELL TUMOR/

ANGIOMYOLIPOMA

The concept of PEComa was elucidated in the
1990s, when it was determined that angiomyoli-
poma, pulmonary lymphangiomyomatosis, clear
cell “sugar” tumor of the lung, and tumors now
termed epithelioid PEComa all share ultrastructural
and immunohistochemical characteristics.105–108

We now know that both sporadic and tuberous
sclerosis-associated tumors in the PEComa family
harbor mammalian target of rapamycin (mTOR)
pathway alterations in most cases, most commonly
in TSC1 and TSC2.109,110 A minor subset of PECo-
mas harbor TFE3 rearrangements.111,112

Hepatic PEComa and angiomyolipoma both
tend to occur in middle-aged adults, with a marked
female predominance.113 Angiomyolipoma shows
a mixture of adipose tissue, blood vessels, and
epithelioid cells (Fig. 7A). In PEComa, the perivas-
cular epithelioid cells predominate, and some-
times, there are no evident adipocytes in the
tumor. The neoplastic cells of PEComa show gran-
ular to clear cytoplasm and vesicular nuclei with
prominent, melanocyte-like nuclei (Fig. 7B). Usu-
ally, smooth muscle actin (SMA) and desmin are
expressed strongly but only in scattered cells, a
staining pattern that would be unusual for a
smooth muscle neoplasm (Fig. 7C). IHC also
demonstrates expression of melanosomal pro-
teins HMB-45 and/or melan-A in most tumors
(Fig. 7D). PEComas harboring TFE3 translocations
show epithelioid morphology with prominent clear
cell features, and they show nuclear expression of
TFE3.112 The morphologic differential diagnosis of
epithelioid PEComa includes hepatocellular carci-
noma, metastatic clear cell renal or adrenocortical
carcinoma, and metastatic melanoma (see Ta-
ble 1). IHC is useful to resolve the differential diag-
nosis of carcinoma; although PEComa rarely
expresses keratins, it does not generally show
the strong and diffuse expression seen in carci-
noma.114 Similarly, although PEComa does ex-
press melanocytic markers such as HMB-45 and
melan-A, it does not express SOX10,115 which is
strongly and diffusely positive in metastatic mela-
noma and therefore distinguishes these tumor
types.

It can be challenging to predict the behavior of
PEComa based on morphologic features. In a
study of PEComas of soft tissue and the gyneco-
logic tract, worrisome features include significant
mitotic activity (>1 mitoses per 50 HPF), high nu-
clear grade, size greater than 8 cm, and/or necro-
sis; tumors showing at least 2 worrisome features
were considered malignant.114 Although these
criteria have not been validated in hepatic tumors,
the presence of significant nuclear atypia or
mitotic activity should be noted because there
are rare reports of malignant PEComa of the liver
giving rise to distant metastases.116,117

FOLLICULAR DENDRITIC CELL SARCOMA

FDCS is a rare mesenchymal neoplasm that oc-
curs in lymph nodes, soft tissue, and viscera. Con-
ventional FDCS occurs across a wide age range,
with a peak age at presentation of around 50 years
and no sex predilection. It is composed of overtly
malignant-appearing, epithelioid to spindled
neoplastic cells that show characteristic whorled
architecture and prominent admixed lymphocytes.
Conventional FDCS is exceedingly rare in the liver,
with only isolated case reports in the literature.118

In general, FDCS is an aggressive sarcoma, and
up to half of patients die of disease in long-term
follow-up.119

There is an EBV-driven variant of FDCS, termed
“inflammatory pseudotumor-like FDCS” (IPL-
FDCS). Although IPL-FDCS is less common than
conventional FDCS in general, it has a predilection
for the liver and is much more common at this
body site than conventional FDCS.120,121 IPL-
DFCS has a female predominance with a median
age at presentation of 45 years, and it is most
common in East Asia, possibly reflecting endemic



Fig. 7. PEComa/angiomyolipoma. (A) This angiomyolipoma of the liver is dominated by the adipocytic compo-
nent and shows just scattered epithelioid neoplastic cells and small blood vessels. (B) This malignant PEComa
of the liver shows marked nuclear atypia and mitotic activity (arrow). The neoplastic cells have prominent nucleoli
that resemble those of malignant melanoma. Malignant PEComas of the liver are extremely rare. (C, D) IHC in
angiomyolipoma/PEComa. (C). Angiomyolipoma and PEComa express SMA and desmin (shown), characteristically
showing strong positivity in scattered cells. (D) Expression of HMB-45 (shown) and melan-A is also characteristic.
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EBV infection in this region.122 Histologically, IPL-
DFCS shows the whorled architecture and lym-
phocytic inflammation of conventional FDCS but
in contrast, it shows a more polymorphous
neoplastic cell population, with less severe cyto-
logic atypia and more fibrotic stroma (Fig. 8A).
Similar to conventional FDCS, IPL-FDCS ex-
presses of CD21 and CD35 in w90% of cases
each (Fig. 8B).123 FDCS has also been shown to
express D2-40, SSTR2A, and PD-L1 in about half
of cases each, although there is no systematic
study of these antibodies in IPL-FDCS.119,124

Along with the IHC markers positive in conven-
tional FDCS, ISH for EBV RNA can be used to
confirm the diagnosis (Fig. 8C). EMA expression
is seen in w40% of FDCS but keratins are usually
negative and help distinguish FDCS from carci-
noma.123 The differential diagnosis also includes
IMT, but IMT is not as prominently whorled as
IPL-FDCS, nor does it express CD21, CD35, or
EBV RNA (ISH). Overall, IPL-FDCS has a better
prognosis than conventional FDCS, with a roughly
30% local recurrence rate and only rare reports of
metastasis to date.122
EPSTEIN BARR VIRUS-ASSOCIATED SMOOTH

MUSCLE TUMOR

EBV-SMT is rare and occurs in severely immuno-
suppressed patients, generally in the setting of ac-
quired immunodeficiency syndrome or organ
transplantation.125,126 These tumors are frequently
multicentric, and the liver is a common site of
involvement.127 Microscopically, EBV-SMT has a
distinctive morphology, with somewhat primitive-
appearing smooth muscle cells that show brightly
eosinophilic cytoplasm and distinct cell borders.
Often there are admixed nodules or whorls of
smaller neoplastic cells. EBV-SMT usually lacks
cytologic atypia, and high mitotic activity is uncom-
mon. IHC demonstrates the expression of smooth
muscle markers, and EBV RNA ISH confirms the
diagnosis. EBV-SMT is generally treated with sur-
gery combined, if possible, with the treatment of
the underlying cause of immunosuppression.128

Patients with EBV-SMT have a mortality rate of
15% to 40%, depending on the patient population,
although some of this high mortality is due to other
sequelae of immunosuppression.127,128 Patients



ig. 8. IPL-FDCS. (A) Histologi-
ally, this IPL-FDCS of the liver
hows whorls of neoplastic
ells with large nuclei and
rominent admixed lympho-
ytes. It shows somewhat
ore haphazard architecture
nd less nuclear atypia than
onventional FDCS. (B) IHC
emonstrates the expression
f follicular dendritic cell
arkers, including CD21

shown), CD23, and CD35;
D21 IHC highlights the
horled architecture. Follic-
lar dendritic cells can also ex-
ress desmin and keratins,
resenting a potential diag-
ostic pitfall. (C) ISH for
pstein-Barr viral RNA is posi-
ive, confirming the diagnosis.
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who are able to recover immune function have a
very good prognosis,128 and tumors can spontane-
ously resolve if the underlying immunosuppression
is reversed.129,130

INFLAMMATORY MYOFIBROBLASTIC TUMOR

IMT is a rare mesenchymal neoplasm that
commonly occurs in children and young adults,
with a minority of cases occurring in older
adults.131,132 IMT is recognized to rarely occur in
the liver.133 Histologically, it is composed of fasci-
cles of spindle cells with vesicular nuclei and
prominent nucleoli. The stroma is variably myxoid
to collagenous, and, characteristically, there is
prominent admixed inflammation composed of
plasma cells, neutrophils, and/or lymphocytes.
IHC demonstrates the expression of SMA and
sometimes desmin; similar to other tumors with
myofibroblastic differentiation, about 15% of IMT
express keratins.134 ALK fusions are present in
about 50% to 60% of IMT, and tumors with these
fusions show strong and diffuse expression of ALK
by IHC.132 ALK fusions are more common in
younger patients, and in older patients, the diag-
nosis is often based on morphology.131 A minor
subset of IMT harbor other gene fusions, including
in ROS1.
The differential diagnosis of IMT includes inflam-

matory pseudotumor, metastatic leiomyosar-
coma, and, possibly, sarcomatoid carcinoma.
Inflammatory pseudotumors (discussed in detail
in another article) show amuch less organized pro-
liferation of fibroblasts/myofibroblasts, and there
is frequently an associated ductular reaction.135

Leiomyosarcoma shows brightly eosinophilic
cytoplasm and distinct cell borders, neither of
which are features of IMT, and generally leiomyo-
sarcoma shows significantly more nuclear atypia.
Finally, sarcomatoid carcinoma shows more nu-
clear atypia and hyperchromasia than IMT.

MALIGNANT RHABDOID TUMOR

MRT is a rare, highly aggressive sarcoma of in-
fancy and early childhood, with most patients pre-
senting under 1 year of age. Although MRT usually
occurs in the kidney or perinephric adipose tissue,
rarely it can present primarily in the liver.136,137

About 60% of patients with MRT of the liver pre-
sent with metastatic disease, and 90% of patients
die of disease.138 Morphologically, MRT shows
sheets of neoplastic cells with eccentric, vesicular
nuclei and brightly eosinophilic cytoplasm (ie,
“rhabdoid” cytomorphology). IHC demonstrates
the loss of expression of integrase interactor 1
(INI1),139 consistent with SMARCB1 inactivation
identified in essentially all cases.140,141 About
60% of extrarenal MRT express keratins but they
are consistently negative for desmin and
CD34,142 the latter of which helps distinguish
MRT from proximal-type epithelioid sarcoma.143

Keratin expression could present a diagnostic
pitfall for the misdiagnosis of hepatocellular carci-
noma or hepatoblastoma (see Table 2) but MRT
can be distinguished by its rhabdoid cytomorphol-
ogy, negativity for hepatocellular markers, and
loss of INI1 expression.137

OTHER MESENCHYMAL NEOPLASMS THAT

CAN OCCUR IN THE LIVER: SOLITARY

FIBROUS TUMOR, LEIOMYOSARCOMA, AND

EMBRYONAL RHABDOMYOSARCOMA

Other mesenchymal neoplasms that can occur pri-
marily in the liver are exceedingly rare and include
solitary fibrous tumor, primary hepatic leiomyosar-
coma, and embryonal rhabdomyosarcoma (see
Table 1). Solitary fibrous tumor shows haphaz-
ardly arranged neoplastic cells, which are ovoid
to spindled in morphology. The stroma is charac-
teristically collagenous, and there are usually
admixed staghorn blood vessels. Solitary fibrous
tumor is characterized by NAB2::STAT6 fusions
in w95% of cases,144,145 and IHC for STAT6 is
highly sensitive and specific for the diagnosis.146

The liver is a common site of metastasis for solitary
fibrous tumor, and so this possibility should be
considered, particularly in patients with a poten-
tially spurious remote history of a “fibroma” or
“meningioma.”
Because metastatic leiomyosarcoma is so

much more common in the liver than primary leio-
myosarcoma, clinical exclusion of a primary else-
where should be recommended. There are
isolated case reports of embryonal rhabdomyo-
sarcoma of the liver in children and adults147; this
diagnosis can be confirmed by IHC for desmin,
myo-D1, and myogenin.

SECONDARY MALIGNANCIES OF THE LIVER:

PITFALLS, CHALLENGES, AND GENERAL

APPROACHES TO SARCOMATOID

NEOPLASMS IN THE LIVER

Metastatic neoplasms to the liver are more com-
mon than primary hepatic malignancies.1 In
particular, metastatic sarcomatoid carcinoma
and metastatic melanoma can mimic sarcoma,
presenting a potential diagnostic pitfall (see Ta-
ble 2); therefore, it is important to consider a
broad differential diagnosis for sarcomatoid neo-
plasms and to rule out sarcomatoid carcinoma



Fig. 9. Metastatic sarco-
matoid carcinoma. (A)
Sarcomatoid carcinoma
usually shows mixed
epithelioid and spindle
cell morphology,
including scattered cells
with pleomorphic and hy-
perchromatic nuclei.
Collagenous stroma is a
common feature of sarco-
matoid carcinoma. (B)
CAM5.2 IHC demon-
strates diffuse positivity.
IHC for broad-spectrum
keratins is helpful when
positive but some sarco-
matoid carcinomas can
lose expression of kera-
tins. A clinical history of
primary carcinoma else-
where is helpful to raise
the diagnostic possibility
of metastatic, keratin-
negative sarcomatoid
carcinoma.
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and melanoma. Metastatic sarcomatoid carci-
noma typically occurs in older adults and shows
overtly malignant, mixed epithelioid and spindle
cell morphology, with scattered cells showing
hyperchromatic nuclei and nuclear pleomorphism
(Fig. 9A). Often times patients present with widely
metastatic disease, such that the primary site
cannot be determined; given the dismal prog-
nosis, with a median survival of under 1 year,
determination of primary site has limited clinical
utility in most cases.148 IHC for broad-spectrum
keratins can be helpful to support the diagnosis
(Fig. 9B). Sarcomatoid carcinomas often lose
the expression of transcription factors useful for
determining lineage, except for sarcomatoid renal
or pulmonary carcinoma that sometimes retain
the expression of PAX8 or TTF-1, respectively.
In general, most sarcomatoid carcinomas in the
liver are metastases because primary sarcoma-
toid carcinoma of the liver is exceedingly
uncommon.149

Metastatic melanoma can show predominantly
spindle cell morphology and can express des-
min,150 presenting a pitfall for misdiagnosis of leio-
myosarcoma (Fig. 10A). In most cases, melanoma
shows strong and diffuse expression of both
SOX10 and S-100 protein,151 and thus these
markers are very useful screens when working
up a sarcomatoid neoplasm in the liver
(Fig. 10B). The strong and diffuse expression of
SOX10 and S-100 protein is also useful to distin-
guish melanoma from malignant peripheral nerve



Fig. 10. Metastatic mela-
noma. (A) This metastatic
melanoma is a fascicular
spindle cell neoplasm
with eosinophilic cyto-
plasm, features that raise
the differential diagnosis
of leiomyosarcoma. Mel-
anoma sometimes pre-
sents with widespread
metastatic disease,
including liver metasta-
ses, and in about 5% of
patients there is no iden-
tifiable primary tumor
on subsequent clinical
workup. (B) IHC for
SOX10 (pictured) and S-
100 protein demonstrates
strong and diffuse
expression, an extent of
expression that is essen-
tially never seen in
MPNST.
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sheath tumor (MPNST) because the latter never
shows diffuse expression of these proteins and
commonly lacks expression of both of them.152

IHC against the trimethylated histone H3 K27 res-
idue (H3K27me3) shows loss inw50% of MPNST,
including w80% of high-grade examples153;
whereas it is useful to support the diagnosis of
MPNST, H3K27me3 IHC should only be used in
the appropriate context because loss is also com-
mon in melanoma.154 Melanoma can sometimes
lose the expression of SOX10 and S-100 protein,
in which case it is frequently misdiagnosed as a
sarcoma155; in such cases, the clinical history of
melanoma is critical, and mutation-specific anti-
bodies for BRAF V600E and NRAS Q61R can be
helpful in some cases.
Leiomyosarcoma commonly metastasizes to
the liver. Morphologically, leiomyosarcoma shows
fascicles of neoplastic cells with brightly eosino-
philic cytoplasm, distinct cell borders, and elon-
gated nuclei with blunt ends (Fig 11A).
Leiomyosarcoma expresses keratins and EMA in
about 40% of cases each, presenting a pitfall for
the misdiagnosis of metastatic sarcomatoid carci-
noma (see Table 2).156 Although SMA expression
is nonspecific within this differential diagnosis,
IHC for desmin is helpful because desmin expres-
sion in sarcomatoid carcinoma is exceptionally
rare.
Gastrointestinal stromal tumor (GIST) also

frequently gives rise to liver metastases but there
is nearly always a clinical history of a primary



Fig. 11. Secondary sarcomas of the liver. (A) Metastatic leiomyosarcoma. This metastatic leiomyosarcoma shows
fascicles of spindle cells with brightly eosinophilic cytoplasm and atypical nuclei. This patient had multiple liver
masses but no known primary at the time of biopsy. (B) Metastatic GIST. This metastatic epithelioid GIST shows
relatively uniform cytomorphology, a helpful diagnostic clue. It would be unusual for a patient to present
with metastatic GIST in the liver without an evident mass in the luminal gastrointestinal tract. (C, D) DDLPS.
DDLPS can present with a reported clinical history of multiple liver masses. However, re-review of the imaging
generally demonstrates an associated well-differentiated component in the retroperitoneum. (C) Histologically
DDLPS can show a wide range of morphologic patterns, which generally show at least scattered nuclear pleomor-
phism and/or nuclear hyperchromasia. In this example, the DDLPS is a myxoid spindle cell neoplasm, with scat-
tered pleomorphic and hyperchromatic nuclei. (D) IHC for MDM2 (shown) and/or CDK4 highlights neoplastic
nuclei, confirming the diagnosis of DDLPS.
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tumor of the luminal gastrointestinal tract.
Morphologically, GIST typically shows a mono-
morphic proliferation of spindled or epithelioid
cells with palely eosinophilic cytoplasm and,
sometimes, paranuclear cytoplasmic vacuoles
(Fig 11B). IHC for KIT and DOG1 is helpful
because only w3% of GISTs are negative for
both markers.157

Occasionally, DDLPS can seem clinically to be a
hepatic mass or, in some cases, multiple hepatic
masses. Microscopically, DDLPS shows a wide
range of morphologic patterns, and most show nu-
clear pleomorphism (Fig. 11C–D). Nearly all exam-
ples of DDLPS show amplification chromosome
12q15, including MDM2 and, in most cases,
CDK4.158 IHC shows expression of MDM2 and
CDK4 in 85% to 95% of tumors each.159–161

Because STAT6 is located on chromosome 12q
and coamplified in w10% to 15% of cases, it
can present a potential diagnostic pitfall for the
misdiagnosis of solitary fibrous tumor.162 Careful
examination of imaging studies with an expert
musculoskeletal radiologist is helpful to confirm
the presence of an associated well-differentiated
component. In my practice, I perform IHC for
MDM2 and CDK4 in my last round of stains of
pleomorphic tumors of the liver, as a screen to
exclude DDLPS.

Finally, desmoplastic small round cell tumor
(DSRCT) is a round cell sarcoma with
EWSR1::WT1 fusion that commonly presents
with widely metastatic disease, including with he-
patic involvement in about a third of pa-
tients.163,164 DSRCT has a median age at
presentation of around 20 to 25 years, with a strik-
ing predilection for men, and it usually shows
round cell morphology with characteristic desmo-
plastic stroma. However, there are occasional ex-
amples with more epithelioid morphology,165 and
most DSRCT express keratins, presenting a pitfall
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for the misdiagnosis of metastatic carcinoma (see
Table 2). The most important clue to avoid this
pitfall is the clinical context of a highly aggressive
malignancy in a young patient. IHC can help avoid
this pitfall because DSRCT expresses desmin,164 a
marker that is essentially always negative in carci-
noma. The diagnosis can be confirmed by IHC
directed against the C-terminus of WT-1, which
is retained in the fusion protein.166
SUMMARY

Mesenchymal neoplasms of the liver are diagnos-
tically challenging due to their rarity. There are
multiple potential diagnostic pitfalls: sarcomas
can be mistaken for carcinoma, and metastatic
sarcomatoid carcinoma or melanoma can be mis-
diagnosed as sarcoma. Awareness of the spec-
trum of diagnostic possibilities and appropriate
use of IHC help avoid falling into diagnostic traps.
CLINICS CARE POINTS
� Metastatic sarcomas are more common than
primary hepatic sarcomas.

� Metastatic melanoma and metastatic sarco-
matoid carcinoma present diagnostic pitfalls
for sarcoma.

� In contrast to benign vascular tumor types,
hepatic angiosarcoma demonstrates nuclear
atypia and endothelial multilayering.

� Epithelioid hemangioendothelioma and he-
patic angiosarcoma commonly express kera-
tins and present a pitfall for the
misdiagnosis of metastatic carcinoma.
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140. Versteege I, Sévenet N, Lange J, et al. Truncating

mutations of hSNF5/INI1 in aggressive paediatric

cancer. Nature 1998;394:203–6.

141. Biegel JA, Zhou JY, Rorke LB, et al. Germ-line and

acquired mutations of INI1 in atypical teratoid and

rhabdoid tumors. Cancer Res 1999;59:74–9.

142. Fanburg-Smith JC, Hengge M, Hengge UR, et al.

Extrarenal rhabdoid tumors of soft tissue: A clinico-

pathologic and immunohistochemical study of 18

cases. Ann Diagn Pathol 1998;2:351–62.

143. Guillou L, Wadden C, Coindre JM, et al. “Proximal-

type” epithelioid sarcoma, a distinctive aggressive

neoplasm showing rhabdoid features. Clinicopatho-

logic, immunohistochemical, and ultrastructural study

of a series. Am J Surg Pathol 1997;21:130–46.

144. Chmielecki J, Crago AM, Rosenberg M, et al.

Whole-exome sequencing identifies a recurrent
NAB2-STAT6 fusion in solitary fibrous tumors. Nat

Genet 2013;45:131–2.

145. Robinson DR, Wu Y-M, Kalyana-Sundaram S, et al.

Identification of recurrent NAB2-STAT6 gene fu-

sions in solitary fibrous tumor by integrative

sequencing. Nat Genet 2013;45:180–5.

146. Doyle LA, Vivero M, Fletcher CDM, et al. Nuclear

expression of STAT6 distinguishes solitary fibrous

tumor from histologic mimics. Mod Pathol 2014;

27:390–5.

147. Arora A, Jaiswal R, Anand N, et al. Primary embry-

onal rhabdomyosarcoma of the liver. BMJ Case

Rep 2016;2016, bcr2016218292.

148. Huey RW, Makawita S, Xiao L, et al. Sarcomatoid

carcinoma presenting as cancers of unknown pri-

mary: A clinicopathological portrait. BMC Cancer

2019;19:965.

149. Wege H, Schulze K, von Felden J, et al. Rare vari-

ants of primary liver cancer: Fibrolamellar, com-

bined, and sarcomatoid hepatocellular

carcinomas. Eur J Med Genet 2021;64:104313.

150. Agaimy A, Specht K, Stoehr R, et al. Metastatic ma-

lignant melanoma with complete loss of differentia-

tion markers (undifferentiated/dedifferentiated

melanoma): Analysis of 14 patients emphasizing

phenotypic plasticity and the value of molecular

testing as surrogate diagnostic marker. Am J

Surg Pathol 2016;40:181–91.

151. Nonaka D, Chiriboga L, Rubin BP. Sox10: A pan-

Schwannian and melanocytic marker. Am J Surg

Pathol 2008;32:1291–8.

152. Karamchandani JR, Nielsen TO, Van De Rijn M,

et al. Sox10 and s100 in the diagnosis of soft-

tissue neoplasms. Appl Immunohistochem Mol

Morphol AIMM 2012;20:445–50.

153. Schaefer IM, Fletcher CDM, Hornick JL. Loss of

H3K27 trimethylation distinguishes malignant pe-

ripheral nerve sheath tumors from histologic

mimics. Mod Pathol 2016;29:4–13.

154. Le Guellec S, Macagno N, Velasco V, et al. Loss of

H3K27 trimethylation is not suitable for distinguish-

ing malignant peripheral nerve sheath tumor from

melanoma: A study of 387 cases including

mimicking lesions. Mod Pathol 2017;30:1677–87.

155. Agaimy A, Stoehr R, Hornung A, et al. Dedifferenti-

ated and undifferentiated melanomas: Report of 35

new cases with literature review and proposal of

diagnostic criteria. Am J Surg Pathol 2021;45:

240–54.

156. Iwata J, Fletcher CDM. Immunohistochemical

detection of cytokeratin and epithelial membrane

antigen in leiomyosarcoma: A systematic study of

100 cases. Pathol Int 2000;50:7–14.
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