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ABSTRACT

Round cell soŌ Ɵssue tumors (RCSTTs) are a diverse group
of aggressive malignancies that share overlapping clinical,
morphological, and immunohistochemical features, posing
significant diagnosƟc challenges. Recent advances in molec-
ular pathology have revoluƟonized the understanding and
classificaƟon of these tumors by idenƟfying tumor-specific
geneƟc alteraƟons. This review highlights the role of molec-
ular insights in complemenƟng histopathology and immuno-
histochemistry to achieve precise diagnosis, risk straƟfica-
Ɵon, and therapeuƟc decision-making. Key subtypes, includ-
ing Ewing sarcoma, CIC- and BCOR-rearranged sarcomas,
alveolar rhabdomyosarcoma, desmoplasƟc small round cell
tumor, and extraskeletal myxoid chondrosarcoma, are dis-
cussedwith emphasis on theirmolecular signatures and clin-
ical significance. The advent of techniques such as fluo-
rescence in situ hybridizaƟon (FISH), reverse transcriptase-
polymerase chain reacƟon (RT-PCR), and next-generaƟon
sequencing (NGS) has enabled detecƟon of geneƟc fusions
and aberraƟons criƟcal for tumor idenƟficaƟon and targeted
therapies. IntegraƟon of molecular pathology with tradi-
Ɵonal diagnosƟc approaches is essenƟal for improving diag-
nosƟc accuracy, prognosƟcaƟon, and therapeuƟc strategies,
paving the way for personalized medicine in the manage-
ment of RCSTTs. Full form of ABBREVIATIONS are provided
at the end.

KEYWORDS: Chromosomal AberraƟons, Molecular Pathol-
ogy, Round Cell Tumors, TherapeuƟc Targets

INTRODUCTION

Small round cell tumors of soŌ Ɵssue are a diverse group
of neoplasms that share many clinical, radiological, his-

tomorphological similariƟes and immunophenotypes but
diverse clinical outcomes. TheWHO criteria serve as the cor-
nerstone for their diagnosis and classificaƟon based on his-
togenesis and molecular aspects. [1] These tumors are char-
acterized as highly aggressive malignant tumors composed
of relaƟvely small, round, hyperchromaƟc and monotonous
undifferenƟated cells with an increased nuclear to cytoplas-
mic raƟo. [1] The differenƟal diagnosis of these tumors is par-
Ɵcularly difficult because of their undifferenƟated or primi-
Ɵve character. Immunohistochemistry plays a vital role in
rendering a specific diagnosis or narrowing the differenƟal
diagnosis (See Table 1 ). Molecular geneƟc studies are oŌen
needed, especially for those lesions with unusual histologic
features, an uncommon immunoprofile, and/or unusual clin-
ical presentaƟon. Recent molecular geneƟc advances have
idenƟfied a growing list of round cell sarcomas, thus hav-
ing revoluƟonized the diagnosis of sarcomas and provided
insight into potenƟal therapeuƟc targets as well as prognos-
Ɵc biomarkers. [2] These tumors include Ewing sarcoma (ES),
characterized by specific EWSR1-ETS family gene fusions;
CIC-rearranged and BCOR-rearranged Ewing-like sarcomas,
which share histologic features with ES but lack EWSR1
aberraƟons [3]; alveolar rhabdomyosarcoma (ARMS), recog-
nized by disƟnct PAX-FOXO1 fusions; desmoplasƟc small
round cell tumor (DSRCT), defined by EWSR1-WT1 translo-
caƟons; and extraskeletal myxoid chondrosarcoma (EMC),
which harbors NR4A3 gene rearrangements. Understanding
these disƟnct subtypes is essenƟal for accurate classificaƟon,
risk straƟficaƟon, and management.

Chromosomal aberraƟons have been found in virtually
all tumor types, some of which are primary and clearly
central to the pathogenesis of a given tumor. In contrast,
others are secondary, probably occurring later in the tumor
development and progression. Approximately 20% of soŌ
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Ɵssue sarcomas are characterized by a specific balanced
translocaƟon resulƟng in the creaƟon of the fusion gene.
The ability to detect these translocaƟons by molecular
methods such as FISH, RT-PCR and NGS is increasingly
becoming criƟcal to the diagnosis andmanagement of these
diseases. [4]

EWINGS SARCOMA

Histologically, classic ES shows a solidly packed lobular
architecture of strikingly uniform round cellswith inapparent
or small nucleoli. Intracellular glycogen is present in
most cases. Approximately 75% of the cases show these
classic morphological features while a minority display
moderate nuclear enlargement, irregular nuclear contours
and prominent nucleoli corresponding to atypical or large
cell variant of ES. [1] The morphological spectrum of ES is
now known to include AdamanƟnoma-like cases, KeraƟn
posiƟve cases and rare desmin posiƟve cases. [5, 6] Numerous
IHC markers such as CD99 [7–9], FLI-1 [10], NKX-2.2 [11],
KeraƟn and Desmin [6] are considered (See Table 1 ). Some
of them are sensiƟve but their aberrant expressions and
lack of specificity are limiƟng their potenƟal as diagnosƟc
tools. Molecular pathology including cytogeneƟcs, FISH,
RT-PCR and NGS is providing finer data aiding in the
specific diagnosis of Ewings Sarcoma and Ewings like tumors.
(See Table 2 ). A minority of ES cases also express
secondary cytogeneƟc abnormaliƟes including Trisomy 8,
trisomy 12, unbalanced t(1;16) leading to gain of 1q
and loss of 16q. [12] TP53 and p16/p14ARF are detected
in chemotherapy refractory tumors and associated with
aggressive clinical course. [13]

CIC- REARRANGED EWING-LIKE SARCOMAS

Histological features in CIC-rearranged sarcomas include
small round cells with vesicular nuclei (greater nuclear pleo-
morphism than in ES), prominant nucleoli and amphophilic
to slightly eosinophilic cytoplasm. DisƟnct lobular architec-
ture, extensive areas of necrosis and mitosis (including atyp-
ical forms) is common. Other uncommon features include
spindle cell areas, myxoid stroma, large epithelioid or rhab-
doid cells. [17]

This subset of SBRCT closely resembling ES but lacking
aberraƟons of EWSR1 have been delineated over the past
few years, many of which show rearrangement of the
CIC gene on 19q13. [17, 18] Some of these tumors show
t(4;19)(q35;q13.1) involving the DUX4 and CIC genes on
chromosomes 4 and 19, respecƟvely, whereas others show
a t(10;19) involving a gene on chromosome 10q26, which
is highly homologous to the DUX-4 gene on 4q35. [17–19]

Although referred to in theWHOclassificaƟon as ”Ewings like
sarcoma”, it is clear that CIC-rearranged sarcomas account
for the majority (60-70%) of these Ewings like tumors. [17]

While CD99 [20] and WT-1 [14, 15] are sensiƟve markers
in IHC, they lack specificity. In contrast, DUX-4 is gaining

prominence for its specific diagnosƟc uƟlity [14, 15] (See
Tables 1 and 3 ). Molecular pathology detecƟon of fusion
genes is crucial for idenƟfying CIC-rearranged sarcomas,
providing a definiƟve diagnosƟc advantage [17, 18, 21] (Refer
toTables 2 and 3 ).

BCOR- REARRANGED EWING-LIKE SARCOMAS

Among the ”Ewing-like” sarcomas, those with BCOR-
rearrangements aremuch less common than CIC-rearranged
sarcomas accounƟng for approximately 10% of Ewing-like
sarcomas. [20]

Histologically tumors may show an exclusive round cell
populaƟon or a spindle cell populaƟon or an admixture of
both round and spindle cells. Other features seen include
whorling fascicles or fascicles with herring-bone paƩern.
Mitosis, necrosis, and hemorrhage are quite common. By
IHC, apart from BCOR and CCNB3, other markers such as
CD99, SATB2, TLE1, KeraƟn, S100, SOX10, melanocyƟc, and
myoid markers have proven less helpful due to aberrant or
absent expression [20, 26] (see Table 1 ). As most of these
tumors harbor BCOR- fusion genes, molecular pathology
detecƟon of BCOR associated fusion genes is crucial [26]

(Refer to Tables 2 and 3 ).

ALVEOLAR RHABDOMYOSARCOMA

ARMS is prevalent in adolescents and young adults and
characterized by proliferaƟon of tumor cells with the char-
acterisƟc alveolar growth paƩern. The solid subtype shows
proliferaƟon of tumor cells in a sheet-like paƩern with-
out fibrovascular septa. Some tumors show a morpho-
logical admixture mimicking embryonal component [1].
Although rhabdomyoblasƟc differenƟaƟon is confirmed by
immunohistochemistry with desmin, myogenin and Myo-
D1 [1] molecular pathology studies allow efficient disƟncƟon
of ARMS from other rhabdomyosarcoma subtypes (Embry-
onal RMS lacks defined chromosomal abnormaliƟes). [28]

Expression of myogenin, AP-2beta, NOS-1 and HMGA2, by
IHC, varies with fusion posiƟve / negaƟve status. [1, 4] Gene
fusion status, as detected by CytogeneƟcs, RT-PCR, FISH [29],
is playing a criƟcal role in risk straƟficaƟon and prognosƟca-
Ɵon of ARMS cases [30–33] (Refer to Tables 2 and 4 ).

DESMOPLASTIC SMALL ROUND CELL TUMOR

DSRCT primarily affects children and young adults and
must be differenƟated from other small round cell tumors,
including Ewing sarcoma, alveolar rhabdomyosarcoma, neu-
roblastoma, lymphoma, poorly differenƟated carcinoma,
small cell carcinoma, merkel cell carcinoma and malignant
mesothelioma. DSRCT typically presents with widespread
abdominal serosal involvement and exhibits polyphenotypic
differenƟaƟon. With IHC, lesional cells show posiƟvity for
CytokeraƟns, EMA, Desmin, VimenƟn and WT-1. [1, 4]

In DSRCTs, molecular pathology consistently shows the
t(11;22)(p13;q12) translocaƟon, leading to EWSR1-WT1
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Marker Expression PaƩern / CharacterisƟcs Relevance / Significance

CD99 Product of MIC-2 gene; patchy or diffuse
expression

Highly sensiƟve; seen in Ewing sarcoma, CIC
sarcomas [7–9]

KeraƟn Dot-like or aberrant paƩern Seen in 25% of Ewing sarcoma cases; diagnosƟc
piƞall. [5]

Desmin DisƟncƟve dot-like posiƟvity Aberrant expression in a small subset of tumors. [5]

Desmin, Myo-D1,
Myogenin

PosiƟve RhabdomyoblasƟc differenƟaƟon [1]

FLI-1 Nuclear immunoreacƟvity (70–94%) Non-specific; also seen in lymphomas and vascular
tumors. [10]

NKX2.2 Recent marker Specific for Ewing sarcoma; also seen in
mesenchymal tumors. [11]

WT-1 Nuclear posiƟvity Specific for DSRCT and CIC-rearranged
sarcomas [14, 15]

DUX-4 PosiƟve Marker for CIC-DUX4 fusion sarcomas. [14, 15]

CD117 Variable expression (20–71%) Indicates therapeuƟc targeƟng opportuniƟes. [16]

VimenƟn PosiƟve Common mesenchymal marker; also expressed in
DSRCT. [1, 4]

Myogenin NegaƟve Helps disƟnguish fusion-negaƟve alveolar RMS. [1, 4]

Table 1: Immunohistochemical Markers in Round Cell Tumors

Figure 1: Algorithm for tesƟng RCTs.
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Tumor Type Fusion Genes /
TranslocaƟons

DetecƟon
Methods*

Significance

Ewing Sarcoma EWSR1-FLI1 (t(11;22)),
EWSR1-ERG (t(21;22))

FISH, RT-PCR,
NGS

Pathognomonic molecular features
for diagnosis [12, 13, 22–25]

CIC-Rearranged Sarcoma CIC-DUX4, CIC-FOXO4,
CIC-NUTMTA

RT-PCR, FISH,
RNA ISH

IdenƟfies CIC-specific geneƟc
abnormaliƟes [17–19, 21]

BCOR-Rearranged Sarcoma BCOR-CCNB3,
BCOR-MAML3,
BCOR-ZC3H7B

RT-PCR, FISH Highly specific for BCOR sarcomas [26]

Alveolar Rhabdomyosarcoma
(ARMS)

PAX3 / PAX7 with -FOXO1 /
FKHR

CytogeneƟcs,
FISH, RT-PCR

Associated with poor prognosis in
pediatric cases [27–34]

DesmoplasƟc Small Round
Cell Tumor (DSRCT)

EWSR1-WT1 (t(11;22)) FISH, RT-PCR DiagnosƟc marker unique to
DSRCT [4, 21]

Extraskeletal Myxoid
Chondrosarcoma (EMC)

NR4A3 gene rearrangements FISH for NR4A3 Molecular hallmark of EMC [35–37]

*DetecƟon methods using frozen Ɵssue (preferred), cytology smears or formalin fixed paraffin embedded Ɵssue.

Table 2: Molecular Features and DetecƟon Methods in Round Cell Tumors

Tumor Type Marker Expression / PaƩern Significance

CIC-Rearranged Sarcomas

CD99 Patchy posiƟvity IdenƟfies CIC-rearranged sarcomas [20]

WT-1 Nuclear posiƟvity Marker for CIC-DUX4 sarcomas [14, 15]

DUX-4 PosiƟve CIC-DUX4 fusion specific [14, 15]

BCOR-Rearranged Sarcomas

BCOR Nuclear
immunoreacƟvity

Highly sensiƟve and specific for BCOR
sarcomas [20, 26]

CCNB3 Nuclear posiƟvity Specific marker for BCOR-CCNB3
fusions [20, 26]

CD99 Variable expression Less diagnosƟc relevance compared to
CIC [20, 26]

Table 3: CIC- and BCOR-Rearranged Sarcomas: Immunoprofile and Molecular Markers

fusion. Because other sarcomas can also express EWSR1,
idenƟfying the EWSR1-WT1 fusion gene via RT-PCR or FISH
is crucial for specific diagnosis (see Tables 2 and 4 ).
Chromosome banding analysis shows that about 60% of
DSRCTs are near-diploid with this translocaƟon, while RT-
PCR reveals the EWSR1-WT1 fusion transcript [4, 21] in nearly
100% of cases, underscoring the importance of molecular
studies.

EXTRASKELETAL MYXOID CHONDROSARCOMA

EMC observed predominantly in adults and rarely in chil-
dren, lacks convincing evidence of carƟlaginous differenƟa-
Ɵon. EMC shares histological and IHC features with mixed
tumors of soŌ Ɵssue and myoepitheliomas, presenƟng a
diagnosƟc challenge with crucial therapeuƟc and prognos-
Ɵc implicaƟons. IHC is unhelpful necessitaƟng molecular

tesƟng. [35] NR4A3 gene rearrangements detecƟon is there-
fore pivotal and is unique to EMC [35–37] (ReferTables 2 and 4
).

Other round cell tumors of soŌ Ɵssue including
Extramedullary leukemia, undifferenƟated sarcoma, and
poorly differenƟated synovial sarcoma lesions, despite
sharing a round cell histomorphology, can be effecƟvely
disƟnguished through comprehensive analysis involving
clinical evaluaƟon, immunohistochemical profiling, and
ultrastructural studies and molecular studies are usually not
required. [4]

DISCUSSION

In ES, unƟl the introducƟon of modern therapy, the out-
look for paƟents was bleak. The prognosis for ES has
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Tumor Type Chromosomal AbnormaliƟes /
Features

GeneƟc or Molecular Findings

Ewing Sarcoma Balanced translocaƟons: t(11;22),
t(21;22)

EWSR1-ETS family gene
fusions [12, 13, 22–25]

CIC-Rearranged Sarcoma TranslocaƟons: t(4;19), t(10;19) CIC-DUX4, CIC-FOXO4 fusion
genes [17–19, 21]

BCOR-Rearranged Sarcoma Rearrangements involving BCOR BCOR-CCNB3 and related fusions [26]

Alveolar Rhabdomyosarcoma (ARMS) t(2;13)(q35;q14) and
t(1;13)(q36;q14)

PAX3/ PAX7 with FOXO1 / FKHR
fusions [27–34]

DesmoplasƟc Small Round Cell Tumor
(DSRCT)

t(11;22)(p13;q12) EWSR1-WT1 fusion [4, 21]

Extraskeletal Myxoid Chondrosarcoma
(EMC)

t(9;22)(q22;q12), t(9;17)(q22;q11) NR4A3 rearrangements [35–37]

Table 4: Key GeneƟc Features in Round Cell Tumors

steadily improved. About 75% of cases present with local-
ized disease and a combinaƟon of surgery +/- radiother-
apy and systemic chemotherapy, are associated with a
cure rate of almost 75%. [38] However, liƩle progress has
been made for paƟents who present with metastaƟc dis-
ease. The role of megatherapy (MyeloablaƟve high dose
chemotherapy with or without total body irradiaƟon fol-
lowed by stem cell infusion) in the treatment of metastaƟc
disease remains unclear. [39] With increasing understanding
of the molecular pathways, opportuniƟes for targeted ther-
apy have emerged. PotenƟal targets can be broadly classi-
fied into those related to EWSR1-ETS fusion (eg- Trabectedin,
lurbinectedin) [40, 41], receptor tyrosine kinases and associ-
ated signalling pathways [41], TP53 and reƟnoblastoma path-
ways, angiogenesis and apoptosis. [42] Key prognosƟc fac-
tors that adversely influence the outcome of the disease are
the presence of metastaƟc disease, large tumor size, exten-
sive necrosis (filigree paƩern), central axis tumors and poor
response to iniƟal chemotherapy. [43] Gene expression pro-
files associated with the presence of metastases, prognosis,
and response to therapy have been idenƟfied. [44]

CIC-rearranged sarcomas have now been clearly delin-
eated as the most common type of ”Ewing-like” sar-
coma, with histologic, immunohistochemical and molec-
ular geneƟc features that disƟnguish it from ES and all
other RCTs. Its recogniƟon is important because these
tumors usually follow an aggressive clinical course with
high rates of metastases and a lower sensiƟvity to ES-
ChemotherapeuƟc protocols. [45] CIC-rearranged sarcomas
also more oŌen present with disseminated disease showing
greater chemoresistance and a poorer overall survival than
convenƟonal ES. [46]

BCOR-rearranged sarcomas seem to have a clinical course
not too dissimilar from ES but less aggressive than CIC-
rearranged sarcoma. In a study by Kao et al, BCOR-

rearranged sarcomas showed an overall 5year survival of
72%, similar to paƟents with ES (79%), but significantly
beƩer than CIC-rearranged sarcomas(43%). [20]

In ARMS, molecular tests idenƟfy characterisƟc fusions,
differenƟaƟng ARMS from embryonal rhabdomyosarcoma
and other small round cell tumors. Fusion-posiƟve ARMS
(especially PAX3::FOXO1) is associated with worse progno-
sis, guiding treatment intensity. Fusion-negaƟve cases gen-
erally have a beƩer prognosis. [47] Anderson et al. recently
reported the translocaƟon, t(2;13)/PAX3-FKHR, to be an
adverse prognosƟc factor for alveolar rhabdomyosarcoma.
In contrast, t(1;13)/PAX7-FKHR was associated with a favor-
able prognosis andwasmore frequently observed in younger
paƟents with relaƟvely localized disease. [34] GeneƟc tesƟng
may reveal acƟonable mutaƟons (e.g., ALK alteraƟons) that
can be targeted with therapies like ALK inhibitors. [48] Molec-
ular markers guide inclusion in clinical trials for novel agents
or immunotherapies.

In DSRCT, molecular detecƟon of the EWSR1::WT1 fusion
helps to differenƟates it from other small round blue
cell tumors such as Ewing sarcoma or rhabdomyosar-
coma. The presence of the fusion confirms the aggressive
nature of DSRCT. AddiƟonal molecular markers are under
invesƟgaƟon for beƩer risk straƟficaƟon. [49] WT1 is being
explored as a target for immunotherapy (e.g., WT1 vac-
cines or WT1-targeted CAR-T cells). Molecular profiling may
guide parƟcipaƟon in clinical trials exploring novel targeted
approaches. [50]

In EMC, detecƟon of NR4A3 rearrangements is pathog-
nomonic. This disƟnguishes EMC from other chondrosarco-
mas and small round cell tumors. Molecular subtype analysis
can provide insights into tumor behavior, though most EMC
cases follow an indolent but persistent course. No standard
targeted therapies are yet established for EMC, but molecu-
lar diagnosƟcs may idenƟfy candidates for clinical trials tar-
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geƟng NR4A3-related pathways. InvesƟgaƟonal therapies
are focused on disrupƟng the oncogenic fusion protein or
associated signaling pathways. [51]

CONCLUSION

NavigaƟng the intricacies of small round blue cell tumors
poses a diagnosƟc challenge due to their primiƟve appear-
ances. Histopathology alone struggles to differenƟate these
neoplasms, which may originate from epithelial, mesenchy-
mal, hematopoieƟc, or melanocyƟc sources. Immunohis-
tochemistry serves as a valuable tool in narrowing down
the differenƟal. Despite its effecƟveness, IHC oŌen falls
short in disƟnguishing between different round cell sarco-
mas. Molecular geneƟc features, including fusion status,
will undoubtedly play a much larger role in diagnosing these
lesions along with risk straƟficaƟon and designing appropri-
ate therapeuƟc strategies.

ABBREVIATIONS:

• ARMS – Alveolar Rhabdomyosarcoma
• BCOR – BCL6 transcripƟonal corepressor
• CD – Cluster of differenƟaƟon
• CIC - Capicua TranscripƟonal Repressor
• DSRCT - DesmoplasƟc Small Round Cell Tumor
• ES – Ewings Sarcoma
• ETS - E26 transformaƟon-specific
• EWSR1 - Ewings Sarcoma Breakpoint Region-1
• EMC - Extra skeletal Myxoid Chondrosarcoma
• FISH - Fluorescent Insitu HybridizaƟon
• FLI-1 – Friend Leukemia IntegraƟon 1
• HMW - High molecular weight
• IHC – Immunohistochemistry
• NGS – Next generaƟon sequencing
• RC – Round Cell
• RT-PCR – Reverse Transcriptase Polymerase chain reac-

Ɵon
• SBRCT – Small blue round cell tumors
• WHO – World health organizaƟon
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