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Learning Objectives
• Recognize key clinical and pathologic differences between pediatric and adult 

mesenchymal neoplasms.

• Understand how gross examination and specimen triage influence diagnosis and 
molecular testing.

• Identify major molecular alterations relevant to selected bone and soft tissue 
tumors.

• Recognize common diagnostic pitfalls and benign mimics.

• Appreciate the central role of the Pathologists' Assistant in multidisciplinary 
sarcoma care.



Why This Topic Matters
• Mesenchymal neoplasms are uncommon but diagnostically 

challenging.

• Diagnosis is an integration of clinical, radiologic, gross, microscopic 
and molecular findings.

• Specimen handling directly affects diagnostic accuracy and patient 
care.



• There is a wide variety of tumor types and subtypes. 
• More than 120 soft tissue tumor entities (>50 types of sarcomas). 
• About 50 primary bone tumor entities. 
• Different subtypes of the same type of tumor can have very different 

behaviors. 
• Most are seen infrequently.
• Nomenclature can be VERY confusing (e.g., Low-grade fibromyxoid 

sarcoma vs Low-grade myxofibrosarcoma).

Challenges (1)





• Certain benign tumors can mimic sarcomas.

Challenges (2)



Dx: Nodular fasciitis



• Certain sarcomas may have a benign appearance.

Challenges (3)



Challenges (4)

• A significant number of sarcomas are morphologically 
undifferentiated or of uncertain histogenesis. 

• They require extensive immunohistochemical and/or molecular 
studies for their correct classification.
– Cytogenetics

– FISH

– Fusion panels

– NGS



Clinical Clues

• Age matters
– Infant vs child vs adolescent vs adult

• Location matters
– Bone vs soft tissue

– Epiphysis/metaphysis/diaphysis

– Superficial vs deep

• Clinical context
– Pain, trauma, syndromes, prior 

radiation



An Integrated Diagnostic Framework

• Every case follows a similar roadmap:
– Clinical history

– Imaging

– Gross examination

– Histology

– Immunohistochemistry

– Molecular pathology

– Integrated WHO diagnosis





Small Round Cell Sarcomas

EWS RMS Rhabdoid Tumor Synovial Sarcoma DSRCT Other:
-Undifferentiated 
Sarcomas 
-Mesenchymal 
Chondrosarcoma
-High grade Myxoid 
Liposarcoma



Clinical Case

• 22-year-old female who presented with painful supraclavicular 
lymphadenopathy (3 cm).

• Weight loss of 30 lbs and lethargy

• Images: multiples lymphadenopathies, diffuse bone 
abnormalities and mediastinal mass 12 x 10 cm; highly 
suspicious for lymphoma.







PAX5



Lymph node, left supraclavicular, ultrasound-guided needle core biopsy:

– Poorly differentiated, necrotic malignancy, most suggestive of a B 
lymphoproliferative neoplasm, see comment.

COMMENT:  The findings are highly concerning for a B lymphoblastic lymphoma/leukemia, given 
the patient's age and mediastinal mass(...) Because of the extensive necrosis, definitive diagnosis 
may not be attainable with this biopsy(…)





PAX5





Desmin



Myogenin



Lymph node, supraclavicular, biopsy:



Desmin



Myogenin



• Currently classified in four subtypes

• Embryonal 

• Alveolar

• Sclerosing/Spindle cell

• Pleomorphic

RMS - Classification



Qualman et al., 1998







Cancers 2025, 17, 1441



RMS Subtyping

Alveolar RMS
• Age
• Strong diffuse 

myogenin staining on 
BM Bx

• Round cell 
morphology

• Aggressive, 
hematological 
malignancy-like 
clinical presentation

Embryonal RMS

• Patchy myogenin 
staining on 
supraclavicular Bx

• No alveolar 
architecture



Absence of 



Next Generation Sequencing



Diagnosis:

• Fusion-negative Rhabdomyosarcoma.

• Embryonal, dense pattern histologic subtype.









Absence of 

Triaging matters!



When Should Fresh Tissue Be Saved?

• Need for cytogenetics (RPMI)
– Suspected translocation-associated sarcoma

– Unusual round cell and spindle cell tumors

– Suspicion of lymphoma (flow cytometry)

* May be held until next day and submitted for histology if necessary

• Snap freeze for biobanking and/or additional special studies

• Avoid unnecessary decalcification when possible (strong acids degrade nuceic 
acids)
– Save EDTA-decalcified tissue whenever possible

– Document decalcification types and times for the pathology report



Clinical Case

• 4-year-old girl with pelvic mass.











CD99



NKX2.2



Karyotype: 46,XX,t(11;22)(q24;q12)[11]



Final diagnosis:

Soft tissue mass, pelvis, biopsy:
• EWING SARCOMA







Ewing Sarcoma

• Second pediatric sarcoma in frequency

• 80% in children under 20 years of age

• Mainly bone (long bones shaft)

• Soft tissues (12%)

– Limbs

– Paravertebral

– Retroperitoneum

– Thoracopulmonary

– Visceral organs (e.g. kidney)









CD99



NKX2.2



FET ETS Frecuency (%)

EWSR1 FLI1 85

EWSR1 ERG 10

EWSR1 ETV1 <1

EWSR1 ETV4 <1

EWSR1 FEV <1

FUS ETS <1









Clinical Case

• 56-year-old female patient with superficial/subcutaneous 
soft tissue tumor in the lower back.











CD99



NKX2.2



ERG



SOX10



Molecular studies (NGS)
• Genetic fusion FUS::ERG

FET ETS Frecuency (%)

EWSR1 FLI1 85

EWSR1 ERG 10

EWSR1 ETV1 <1

EWSR1 ETV4 <1

EWSR1 FEV <1

FUS ETS <1

• Ewing sarcoma?









Location matters!

NKX2.2NKX2.2



Clinical Case

• 62-year-old man presenting with left intra-abdominal soft 
tissue mass.

• Patient underwent surgery with intra-operative frozen 
section diagnosis.









• The case was interpreted as desmoid-type fibromatosis, 
extending to resection margins.

• No further treatment was given, and the patient was scheduled 
for periodic follow-ups.



• Six years later, patient presented with left (ipsilateral) 
pelvic/perineal soft tissue mass, clinically suspicious for 
recurrent desmoid tumor.

• Perineal mass was biopsied, followed by pelvic mass excision.









MDM2





Diagnosis:

High-grade Dedifferentiated Liposarcoma



Clinical Case

• 17-year-old boy with 9 x 7 cm left chest wall mass adjacent 
to Nuss bar for pectum excavatum.













SMA



-catenin





Diagnosis:

Desmoid-type Fibromatosis



Age matters!



Clinical Case

• 2-month-old boy presents with a large congenital mass 
involving his right arm since birth.

• The mass was initially biopsied yielding nonspecific results.

• Due to massive involvement of upper extremity an 
amputation was performed.

















INI-1

SATB2



• Subsequently, NGS revealed a c.3727 C>T point mutation (p.R1243W) 
in exon 27 of the SMARCA4 gene.

• We rendered an integrated diagnosis of Extrarenal rhabdoid tumor.

Molecular correlation matters!





Gross Examination: The PA Perspective
• Orientation and margins

• Measurements and relationship to fascia/bone/other structures (critical for staging!)

• Necrosis, hemorrhage, calcification

• Radiographs (when applicable)

• Photographs, including before and after inking specimen
– Gross relationship of tumor to inked margins

– Mapping of sections (important in most specimens; crucial in osteosarcoma and Ewing sarcoma → full cross 
section)

• Strategic tissue sampling
– Sample generously from viable, non-necrotic tumor for fusion testing

– When dedifferentiation is suspected, target the transition zone specifically



Take-Home Messages
• Clinical context matters.

• Radiology is part of pathology.

• Gross examination drives diagnosis.

• Sample generously and thoughtfully.

• Preserve tissue for molecular testing.

• Molecular findings complement morphology.

• Pathologists' Assistants are essential members of the diagnostic team.

• Your work at the gross bench directly shapes diagnostic accuracy downstream.



ezambranotola@phoenixchildrens.com

Thank you!
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