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Extraskeletal myxoid chondrosarcoma is a rare subtype of sarcoma that affects the soft tissue and bones in
middle-aged and elderly adults. Its diagnosis can be challenging, with the differential diagnoses including a wide
variety of mesenchymal tumors. The line of differentiation of extraskeletal myxoid chondrosarcoma has been
controversial, but recent evidence suggests a neuroendocrine phenotype. INSM1 is a zinc-finger transcription
factor that plays a pivotal role in neuroendocrine differentiation, and has been proposed as a promising
immunohistochemical marker of neuroendocrine carcinoma. The aim of this study was to determine the
prevalence of INSM1 expression in extraskeletal myxoid chondrosarcoma and to understand its significance in
sarcoma diagnosis. We immunostained the representative sections of 31 NR4A3-rearranged extraskeletal
myxoid chondrosarcomas and 187 histological mimics. Nuclear staining of moderate or higher intensity in at
least 5% of tumor cells was considered positive. Twenty-eight of the 31 extraskeletal myxoid chondrosarcomas
(90%) were positive for INSM1, providing strong evidence for neuroendocrine differentiation. The staining was
diffuse (450%) in 17 cases, with most immunopositive tumors showing at least focal strong expression. The
INSM1 staining extent was not correlated with cytomorphology, synaptophysin expression, or fusion types
(EWSR1 vs non-EWSR1). In contrast, INSM1 expression was negative in 94% of the 187 other mesenchymal
tumors. INSM1-positive mimics comprised a small subset of chordoma (1 of 10), soft tissue myoepithelioma (1 of
20), ossifying fibromyxoid tumor (3 of 10), and Ewing sarcoma (3 of 10), among other tumor types. The majority of
these cases showed labeling in o25% of the tumor cells. Although not entirely sensitive or specific, INSM1 could
be a potential marker for the diagnosis of extraskeletal myxoid chondrosarcoma when molecular genetic access
is limited.
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Extraskeletal myxoid chondrosarcoma is a rare
subtype of sarcoma that typically affects the deep
soft tissue of adults mainly in the 4th to 7th decade of
life, with an approximately 2:1 male predominance.1

Rare examples of primary tumors in the bone are
well documented.2 Histologically, extraskeletal myx-
oid chondrosarcoma is a multinodular growth
populated by mildly cohesive spindle to epithelioid
cells that are arranged in cords, strands, pseudoacini,

or clusters within abundant myxoid stroma. The
tumor cells harbor uniform nuclei and deeply
eosinophilic cytoplasm. Histological variations
include a cellular variant that may exhibit incon-
spicuous mucin and rhabdoid cytology.3,4 Extraske-
letal myxoid chondrosarcoma harbors specific
recurrent chromosomal translocations in over 95%
of cases, which create fusions involving the whole
coding sequence of NR4A3 (NOR1, CHN, or TEC,
located at 9q22). The most frequent fusion partner of
NR4A3 is EWSR1 (22q12, 60–75%),5 followed by
TAF15 (RBP56 or TAF2N; 17q11, 15–20%), and
other rare targets, such as TCF12 (15q21), TFG
(3q12),6 FUS (16p11),7 and HSPA8 (11q24.1),8 each
accounting for o3%.9 Surgical resection is the
primary therapy and the tumor follows a relatively
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protracted clinical course with a propensity for late
recurrence and distant metastases. According to
multivariate analysis, older age, tumor size, and
proximal location are associated with poor survival,
while histological factors did not contribute signifi-
cantly to tumor behavior.10 However, some histolo-
gical (eg, cellularity, mitotic activity, and atypia) and
molecular (eg, EWSR1 vs non-EWSR1 fusion partner)
parameters may predict behavior according to uni-
variate analyses.3,11

The lineage of extraskeletal myxoid condrosar-
coma has been controversial. Many of the tumors
reported by the name of chordoid sarcoma or soft-
tissue chondrosarcoma12 in the literature were re-
categorized into extraskeletal myxoid chondrosar-
coma, when Enzinger and Shiraki proposed this
concept as a distinct form of chondrosarcoma.13 The
chondroblastic nature of this sarcoma was then
believed to be supported by chondroitin-4 and 6-
sulphate-rich extracellular mucin, S100 protein
expression, and ultrastructural resemblance to
chondroblasts.14 However, these findings have
become considered insufficiently specific for carti-
laginous differentiation, and indeed, the extracellu-
lar matrix of extraskeletal myxoid chondrosarcoma
mostly lack type II and X collagen, with only
exceptional true hyaline cartilage formation.15
Recent investigations have instead suggested neu-
roendocrine/neural differentiation.3,14,16 Ultrastruc-
turally, membrane-bound dense core granules,
compatible with neurosecretory granules, were pre-
sent in some cases.14,16 Immunohistochemically,
extraskeletal myxoid chondrosarcomas are variably
positive for synaptophysin with a range of 22–
87%.3,14,17,18 Other positive markers that are sugges-
tive of neuroendocrine/neural differentiation
include: chromogranin A (0–4%),3,14,16,17 PGP9.5
(7–40%),14,17 microtubule-associated protein-2
(84%),19 class III β-tubulin (52%),19 and peripherin
(53–60%).17,20 However, some of these markers are
not exclusively specific for a neuroendocrine/neural
lineage. The current WHO classification does not
consider extraskeletal myxoid chondrosarcoma as of
cartilaginous or neural lineage, but rather classify
this malignancy under the section of tumors of
uncertain differentiation.1

A diagnosis of extraskeletal myxoid chondrosar-
coma can be challenging. The histological spectrum
is wide, and needle biopsy, which is becoming
increasingly utilized, may not capture characteristic
patterns. In addition, the latest classification scheme
of soft-tissue tumors has recognized several newly
characterized histological mimics, such as myoe-
pithelial tumors and CIC-rearranged sarcomas. Dif-
ferential diagnoses include myxoid neoplasms and
some round-cell tumors, both benign and malignant,
with accurate diagnosis being crucial for appropriate
management. Molecular detection of pathognomonic
fusion genes involving NR4A3 is probably the most
robust method for diagnosis.5,9,11,21,22 However, this
approach requires cost, labor, and expertise, and is

only available at large medical centers; therefore,
immunohistochemistry is expected to be a practical
surrogate. S100 protein has been a conventional
marker since the era when this sarcoma was believed
to be a form of chondrosarcoma; however, it has a
notably poor sensitivity (13–50%),3,11,14,17,18 low
specificity, and often only stains focally, with weak
intensity even when it is positive.3,11,14,17 Synapto-
physin staining is considered characteristic, but the
reported frequency of reactivity varies greatly (22–
87%) and its specificity has not been systematically
tested.

INSM1 is a zinc-finger transcription factor that was
first identified using a human insulinoma tissue
subtraction library.23 INSM1 plays a pivotal role in
the development and differentiation of pancreatic
and gastrointestinal neuroendocrine cells, adrenal
medulla, and neuronal progenitor cells.24–27 The
expression of INSM1 is abundant in the developing
neuroendocrine/neural system, while it is restricted
in normal adult tissues.28 Immunohistochemical
studies using a monoclonal antibody to INSM1, have
shown that most neuroendocrine cells are positively
labeled, such as those in the gastrointestinal,
pancreatic, bronchopulmonary, and adrenal medul-
lary tissues, while non-neuroendocrine cells are
negative.29,30 INSM1 expression has also been tested
in human neoplasms, with expression in 93–98% of
non-parathyroidal neuroendocrine/neuroepithelial
neoplasms of both low and high grades.29,30 INSM1
has been specifically tested in the context of thoracic
and gynecologic pathology,31–33 and is emerging as a
highly sensitive and specific neuroendocrine marker
that could outperform the conventional triad of
synaptophysin, chromogranin A, and CD56.33
INSM1 expression has never been tested in sarco-
mas, except two cases of primitive neuroectodermal
tumors.29 Due to the potential neuroendocrine/
neural differentiation in extraskeletal myxoid chon-
drosarcoma and the essential role of INSM1 in such a
differentiation, we aimed to determine (1) whether
INSM1 is expressed in extraskeletal myxoid chon-
drosarcoma, and (2) if its detection could be helpful
in diagnosis.

Materials and methods

Cases

After the approval by the institutional review board
(2014− 089), 31 cases of extraskeletal myxoid chon-
drosarcoma were retrieved from the pathology files
of the National Cancer Center Hospital, Tokyo,
Japan. The diagnoses of all cases were confirmed
by morphological examination, conventional immu-
nohistochemistry, and molecular assays. All 31
tumors were previously confirmed to harbor
NR4A3 rearrangement by fluorescence in situ hybri-
dization (FISH). In addition, all cases were pre-
viously tested for EWSR1 rearrangement status by
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FISH, and 24 tumors (77%) were positive for EWSR1
rearrangement, while 7 tumors (23%) were negative.
Extraskeletal myxoid chondrosarcoma occurred in
19 men and 12 women with an age range of 32–86
years (median, 54 years old). Two tumors primarily
developed in the bone (the proximal phalanx of the
great toe and the sacrum), and the remaining tumors
arose from the soft tissue. Histologically, 29 tumors
showed at least focal conventional myxoid morphol-
ogy, while 2 tumors were entirely composed of
round cells without intervening myxoid stroma. The
predominant tumor cytology was long spindle in 4,
short spindle in 17, and round in 10 (Figure 1).
Rhabdoid cells were present in 6 cases.

We also selected 187 mesenchymal tumors that
were thought to mimic extraskeletal myxoid chon-
drosarcoma. These included 20 skeletal chondrosar-
comas, 10 chordomas, 20 myxofibrosarcomas, 20
myxoid liposarcomas, 15 intramuscular myxomas,
10 low-grade fibromyxoid sarcomas, 20 soft-tissue
myoepitheliomas, 10 ossifying fibromyxoid tumors,
5 myxoid variant of angiomatoid fibrous histiocyto-
mas, 10 dedifferentiated liposarcomas with myxoid

change, 10 Ewing sarcomas, 5 CIC-rearranged sarco-
mas, 5 poorly-differentiated synovial sarcomas, 5
BCOR-CCNB3 sarcomas, and 22 miscellaneous
tumors (4 malignant rhabdoid tumors, 3 epithelioid
malignant peripheral nerve sheath tumors, 2 myxoid
solitary fibrous tumors, 2 desmoplastic small round
cell tumors, 2 alveolar rhabdomyosarcomas, 2 soft
tissue chondroma, 1 chondromyxoid fibroma, 1 acral
fibromyxoma, 1 aggressive angiomyxoma, 1 nodular
fasciitis, 1 epithelioid sarcoma with myxoid change,
1 superficial angiomyxoma, and 1 lipoblastoma-like
tumor of the vulva). In addition, INSM1 expression
was evaluated in selected adult human non-
neoplastic tissues that were newly prepared from
unrelated cases or were incidentally included in the
tumor slides.

Immunohistochemistry

Four-micrometer-thick sections from the representa-
tive block of each tumor were routinely deparaffi-
nized. The sections were exposed to 3% hydrogen
peroxide for 15min to block endogenous peroxidase

Figure 1 Extraskeletal myxoid chondrosarcoma demonstrated a spectrum of histomorphology. The predominant tumor cytology was short
spindle (a), long spindle (b), or round (c). A purely cellular variant showed densely packed round cells with colloid-like secretion, without
myxoid stroma (d).
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activity. Antigen retrieval was performed using
water bath (98 °C, 40min) in Targeted Retrieval
Solution pH 9 (Dako, Glostrup, Denmark). The
primary antibody used was INSM1 (clone A-8,
dilution 1:100, Santa Cruz Biotechnology, Dallas,
TX, USA). The slides were incubated for 1 h at room
temperature with the primary antibody and subse-
quently labeled using the EnVision system (Dako).
Diaminobenzidine was used as the chromogen and
hematoxylin as the counterstain. The intensity of
nuclear staining was semi-quantitatively graded as
none, weak, moderate, or strong. Weak staining was
not visible on a low-power view (×4 objective), while
moderate and strong staining was readily visible on
low-power magnification. For evaluation, moderate
or higher staining in at least 5% of tumor cells was
considered positive, and any reactivity under this
level was regarded as negative. The extent of nuclear
staining was classified as negative (0 to o5%), 5–
25%, 26–50%, 51–75%, and 76–100%. For extra-
skeletal myxoid chondrosarcoma cases, other immu-
nohistochemical results obtained at the original
diagnosis were also recorded.

Results

The immunohistochemical results are summarized
in Table 1. Of the 31 extraskeletal myxoid chondro-
sarcomas, 28 (90%) were positive for INSM1
(Figure 2). The reactivity ranged from 5–100%; it
was diffuse (450%) in 17 cases and extensive
(475%) in 12 cases. Positive staining was of
moderate or higher intensity by definition; most (23
of 28) immunopositive tumors showed at least focal
strong INSM1 expression, while the remaining 5
tumors showed moderate staining intensity. The

INSM1 staining was not significantly correlated with
cytomorphology, fusion type (EWSR1 vs non-
EWSR1), or disease-specific survival. Three extra-
skeletal myxoid chondrosarcomas were negative for
INSM1, including 1 case of cellular variant. Among
INSM1-negative cases, EWSR1 rearrangement was
present in 2 cases and absent in 1 case.

INSM1 was negative in 176 out of 187 other
mesenchymal tumors (94%, Figure 3) with 6% tested
being immunoreactive (Figure 4). INSM1-positive
mimics comprised of chordoma (1 of 10), soft tissue
myoepithelioma (1 of 20), ossifying fibromyxoid
tumor (3 of 10), Ewing sarcoma (3 of 10), BCOR-
CCNB3 sarcoma (1 of 5), alveolar rhabdomyosarcoma
(1 of 2), and epithelioid malignant peripheral nerve
sheath tumor (1 of 3). Among the INSM1-positive
non-extraskeletal myxoid chondrosarcoma tumors,
diffuse (450%) reactivity was observed in 1 BCOR-
CCNB3 sarcoma, while the majority (9 of 11) showed
labeling in less than 25% of analyzed cells. At least
focal strong staining intensity was observed in 5
mimics (1 ossifying fibromyxoid tumor, 1 chordoma,
2 Ewing sarcoma, and 1 epithelioid malignant
peripheral nerve sheath tumor).

Among the conventional markers evaluated at the
original diagnosis of extraskeletal myxoid chondro-
sarcoma, S100 protein was focally expressed in 15 of
29 tumors (52%) tested. Synaptophysin was positive
in 13 of 31 cases (42%) tested, ranging from weak
expression in o1% of cells to strong expression in
490% of cells. When synaptophysin positivity was
defined as staining in at least 5% of cells, the
sensitivity dropped to 26%. Synaptophysin expres-
sion was not significantly correlated with the extent
of INSM1 reactivity. AE1/AE3, epithelial membrane
antigen, smooth muscle actin, desmin, and CD34
were expressed in 0 of 28 (0%), 8 of 25 (32%), 1 of 15

Table 1 INSM1 immunohistochemistry in extraskeletal myxoid chondrosarcoma and its mimics

Entities N 5–25% 26–50% 51–75% 76–100% Positive cases (%)

Extraskeletal myxoid chondrosarcoma 31 9 2 5 12 28 (90%)
Other mesenchymal tumors 187 9 1 1 0 11 (6%)
Skeletal chondrosarcoma 20 0 0 0 0 0 (0%)
Chordoma 10 1 0 0 0 1 (10%)
Myxofibrosarcoma 20 0 0 0 0 0 (0%)
Myxoid liposarcoma 20 0 0 0 0 0 (0%)
Intramuscular myxoma 15 0 0 0 0 0 (0%)
Low-grade fibromyxoid sarcoma 10 0 0 0 0 0 (0%)
Soft-tissue myoepithelioma 20 1 0 0 0 1 (5%)
Ossifying fibromyxoid tumor 10 3 0 0 0 3 (30%)
Angiomatoid fibrous histiocytoma, myxoid 5 0 0 0 0 0 (0%)
Dedifferentiated liposarcoma, myxoid 10 0 0 0 0 0 (0%)
Ewing sarcoma 10 3 0 0 0 3 (30%)
CIC-rearranged sarcoma 5 0 0 0 0 0 (0%)
Poorly-differentiated synovial sarcoma 5 0 0 0 0 0 (0%)
BCOR-CCNB3 sarcoma 5 0 0 1 0 1 (20%)
Miscellaneous tumorsa 22 1 1 0 0 2 (9%)

INSM1 positivity was defined as at least 5% reactivity with moderate or higher intensity.
aThis category included 4 malignant rhabdoid tumors, 3 epithelioid malignant peripheral nerve sheath tumors, 2 myxoid solitary fibrous tumors, 2
desmoplastic small round cell tumors, 2 alveolar rhabdomyosarcomas, 2 soft tissue chondromas, 1 chondromyxoid fibroma, 1 acral fibromyxoma, 1
aggressive angiomyxoma, 1 nodular fasciitis, 1 epithelioid sarcoma with myxoid change, 1 superficial angiomyxoma, and 1 lipoblastoma-like
tumor of the vulva.
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(7%), 0 of 14 (0%), 5 of 24 (21%) cases originally
tested.

In adult non-neoplastic tissues, INSM1 expression
was tightly restricted to the isolated neuroendocrine
cells in the gastrointestinal and bronchial/bronchio-
lar mucosa, pancreatic islet cells, adrenal medulla,
paraganglia, thyroidal C-cells, pituitary gland, and
rare neurons in the spinal cord. One unexpected
finding was the mostly weak INSM1 reactivity of
some dendritic cells in the lymph nodes. Notably,
we did not observe INSM1-expressing cells in
the cerebrum, cerebellum, or parathyroid. We
also did not detect INSM1-positive cells in the
subcutis, muscle, or bone, where EMCs are most
commonly found.

Discussion

Several lines of evidence have suggested a neuroen-
docrine/neural differentiation in extraskeletal myx-
oid chondrosarcoma; however, the variability of
immunophenotypes reported in previous studies,
as well as the questionable specificity of investigated
markers, have hampered firmly establishing their

line of differentiation. In this study, we have shown
that INSM1, a critical transcription factor for neu-
roendocrine differentiation, was expressed in 90% of
the 31 genetically confirmed extraskeletal myxoid
chondrosarcomas. Restricted INSM1 expression in
adult non-neoplastic tissues supported the specifi-
city of this staining, and the present data add
evidence of a neuroendocrine differentiation in this
sarcoma. Interestingly, however, the extent of INSM1
staining was not significantly correlated with synap-
tophysin expression status. Extraskeletal myxoid
chondrosarcoma is also reportedly only rarely
positive for chromogranin A.3,14,17 Although INSM1
has been reported as an upstream regulator of
neuroendocrine effector molecules,31 the neuroen-
docrine molecular pathway may be functioning in an
aberrant manner in this sarcoma type.

Three extraskeletal myxoid chondrosarcomas
(10%) were nonreactive to INSM1. One of these
resection specimens was previously decalcified by
acid. In another case, repeat staining on a preopera-
tive biopsy demonstrated focal INSM1 reactivity,
which may suggest some contribution of pre-analytic
factors for immunoreactivity. Extraskeletal myxoid

Figure 2 Most of the 31 extraskeletal myxoid chondrosarcomas (90%) were immunoreactive to INSM1. The staining varied in range, and
can be diffuse (a, b) or focal (c, d).
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chondrosarcoma is often large, highly myxoid, and
hemorrhagic, and is therefore likely to be fixed for an
extended period to facilitate grossing. Although
INSM1 staining was only focal (≤50%) in 39% of

the positive cases, how this may compromise the
value of staining in biopsy interpretation remains
unclear. This is because biopsies are more likely to
be fixed appropriately and some tumors that were

Figure 3 Most of the 187 non-extraskeletal myxoid chondrosarcoma mesenchymal tumors (94%) lacked INSM1 reactivity (a), skeletal
chondrosarcoma; (b), myxoid liposarcoma; (c), CIC-rearranged sarcoma; (d), myoepithelial tumor).

Figure 4 A small number of non-extraskeletal myxoid chondrosarcoma mesenchymal tumors were positive for INSM1 (a), ossifying
fibromyxoid tumor; (b), Ewing sarcoma).
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focally positive for INSM1 showed interspersed
reactivity, which could be readily detected in small
specimens. Our cohort included three needle biopsy
specimens, with all showing positivity for INSM1. In
this regard, one drawback of INSM1 staining is the
lack of internal positive control in most tumor
sections, as its expression is limited in normal adult
tissues.

INSM1 expression was absent in most other
mesenchymal mimics tested, which suggests its
potential as a diagnostic biomarker. However, the
staining was not completely specific, and it is
particularly concerning that INSM1 was expressed
in a minor subset of tumor entities that most aptly
mimic extraskeletal myxoid chondrosarcoma. These
included 5% of myoepithelial tumors and 30% of
ossifying fibromyxoid tumors, with NR4A3 testing
potentially being required in some of these cases.
INSM1 expression in these tumors were nonetheless
limited in extent, and only one of the tumors showed
diffuse (450%) reactivity. The only INSM1-positive
myoepithelial tumor in our cohort was a non-myxoid
malignant myoepithelioma, which diffusely
expressed cytokeratin and showed moderate INSM1
expression in 10% of the cells. None of the
extraskeletal myxoid chondrosarcomas studied
expressed cytokeratin, and previous studies reported
an exceptionally rare occurrence of keratin
expression,3,5,14,17 unlike 490% of myoepithelial
tumors.34 Many ossifying fibromyxoid tumors
demonstrate mature bone formation. In addition,
their often fibromyxoid to sometimes hyalinized
quality of the stroma is different from purely myxoid
stromal properties of extraskeletal myxoid chondro-
sarcoma. Ossifying fibromyxoid tumors express
desmin in about 40% of cases, which is an
incompatible phenotype with extraskeletal myxoid
chondrosarcoma. INSM1 expression in some ossify-
ing fibromyxoid tumors may be more than inciden-
tal, as there is some gene expression data suggesting
a neural/neuroendocrine differentiation.35

The mechanism of INSM1 upregulation in extra-
skeletal myxoid chondrosarcomas is unclear. The
pathogenomonic fusion protein of these sarcomas
consists of the complete amino-acid sequence of
NR4A3 with the DNA-binding domain.36 Transfec-
tion experiments showed that EWSR1-NR4A3 is a
highly potent transcriptional activator,37 suggesting
its oncogenic role by activating specific genes.
However, the actual downstream target of fusion
and the detailed mechanism of oncogenesis are not
completely understood. A few targets that were
previously suggested include peroxisome
proliferator-activated receptor gamma (PPARG)38
and serum- and glucocorticoid-regulated kinase 1
(SGK1),39 with our present data possibly suggesting
INSM1 as another target. However, in a study using
human bone marrow mesenchymal cell lines trans-
fected with an EWSR1-NR4A3 expression vector,
INSM1 was not included in the 317 significantly
upregulated genes.40

INSM1 gene expression in extraskeletal myxoid
chondrosarcoma has been documented in a few
previous expression microarray analyses, but it has
never been expected to be a promising biomarker. In
Subramanian et al,41 INSM1 was differentially
upregulated in 10 extraskeletal myxoid chondrosar-
comas compared with 5 other types of sarcomas (ie,
dermatofibrosarcoma protuberans, synovial sarcoma,
leiomyosarcomas, malignant fibrous histiocytoma,
and gastrointestinal stromal tumor), but this was not
included among the top 112 genes in the significance
analysis of microarrays. In the paper by Filion et al,38
using three extraskeletal myxoid chondrosarcomas
and five other types of sarcomas (ie, Ewing sarcoma,
alveolar rhabdomyosarcoma, desmoplastic small
round cell tumor, alveolar soft part sarcoma, and
synovial sarcoma), INSM1 was differentially
expressed in extraskeletal myxoid chondrosarcomas
but this was not statistically significant after statis-
tical adjustment. In a study by Sjögren et al,42 2
extraskeletal myxoid chondrosarcomas and a single
myxoid liposarcoma were compared, with INSM1
not being included in the top 35 genes that were
differentially expressed. This apparent discordance
between our protein-based results and published
gene expression data may be related to post
transcriptional modulation, antibody characteristics,
antibody availability, and the study context. Regard-
ing the latter, in neither of the first two large studies
were the control sarcoma types selected on the basis
of histologic context, and most mimics included in
the present study were not tested.

In conclusion, INSM1 is frequently expressed in
extraskeletal myxoid chondrosarcoma, which adds
evidence to the suspected neuroendocrine/neural
differentiation. INSM1 was also found to be a
potential diagnostic biomarker for this tumor. A
small fraction of extraskeletal myxoid chondrosar-
coma was negative for INSM1 and a small number of
other mesenchymal tumors were found to be
positive. Nonetheless, diffuse and at least moderate
INSM1 positivity seems specific for extraskeletal
myxoid chondrosarcoma in an appropriate histologic
context. The present study expands the utility of
INSM1 staining beyond neuroendocrine carcinomas
and suggests its significance in sarcoma diagnosis
when molecular genetic access is limited.
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