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2001

JAZF1::SUZ12 
fusion

LGESS

2006

PHF1 fusion

LGESS

2012

YWHAE::NUTM2 
fusion

HGESS

2014

EZHIP fusion

LGESS

2017

ZC3H7B::BCOR 
fusion

HGESS

BCOR ITD

HGESS

2018

NTRK fusion

fibrosarcoma

2019

PLAG1 fusion

Myxoid LMS

PGR fusion

Epithelioid LMS

GREB1 fusion

UTROSCT

2021

BCORL1 fusion

HGESS

LGESS: low-grade endometrial stromal sarcoma
HGESS: high-grade endometrial stromal sarcoma
LMS: leiomyosarcoma
UTROSCT: uterine tumor resembling ovarian sex cord tumor

Part 1: Morphologic correlation with next-generation sequencing (NGS) 

promotes explosion of new clinicopathologic entities
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2013: ZC3H7B::BCOR fusion is detected in ESS but its association 

with phenotype remains unknown
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ZC3H7B::BCOR fusion suggests new HGESS subtype often 

mimicking myxoid LMS 

Case 1 Case 2 Case 3

CD10 Diffuse + Diffuse + Diffuse +

ER/ PR Diffuse + - -

Desmin - Focal + -

SMA Focal + - Focal +

Initial diagnoses ESS with LG and 
HG features

Myxoid LMS

UUS with features 
of ESS and myxoid 
LMS

Myxoid LMS

Melanoma

Fusion ZC3H7B::BCOR

MSK Solid Fusion 
(35 genes)

ZC3H7B::BCOR

Foundation One 
(28 genes)

ZC3H7B::BCOR

MSK Solid Fusion 
(35 genes)

1

2

3
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ZC3H7B::BCOR fusion confirms new subtype of HGESS with 

distinctive morphology

Permeative Infiltrative Expansile



Private Information

Bland spindle cells and myxoid matrix are common features of 

ZC3H7B::BCOR fusion HGESS

Myxoid stroma Cytologic atypia Vasculature
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Entrapped glands

Hemangiopericytoma-like vesselsStromal ballsVerocay bodies

Vacuoles Hyaline plaques

Unusual features of ZC3H7B::BCOR fusion HGESS may mimic other 

uterine mesenchymal tumor types
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ZC3H7B::BCOR fusion HGESS is often CD10/ cyclin D1 positive and 

desmin negative with variable ER/ PR expression

CD10

ER PR

Desmin SMA

BCORCyclin D1
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Subset of ZC3H7B::BCOR fusion HGESS have BCOR overexpression 

and MDM2/ CDK4 pathway alterations

BCOR

BCOR 
exon

ZC3H7B
exon

BCOR expression 
(intensity, %)

6 11 -

14 6 + (strong, >95%)

7 11 + (strong, >95%)

7 10 + (strong, >95%)

7 10 + (weak, >95%)BCOR clone C10 antibody coverage 
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BCOR positivity in fusion negative uterine sarcoma leads to 

discovery of BCOR ITD

BCOR
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BCOR ITD HGESS shows overlapping features of YWHAE::NUTM2

and ZC3H7B::BCOR fusion HGESS

HG round

Myxoid stroma

LG spindlePermeative

BCOR
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BCOR ITD shows similar histology across primary sites with HGESS 

affecting pediatric and adult age groups

BCOR ITD HGESS median age

44 y

(14-61)
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HGESS with YWHAE and BCOR abnormalities form a distinct 

molecular group with NTRK3 mRNA upregulation

RNA expression cohort
HGESS (n=11)   LGESS (n=9)
UUS (n=23)       LMS (n=19)

BCOR ITD

BCOR fusion NTRK3 fusion

YWHAE fusion

Pan-Trk IHC cohort
HGESS (n=35)

Pan-Trk IHC expression in >90% of HGESS
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Pathologists make discoveries through observation
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1980-2014: High grade transformation of LGESS is observed, but 

studies lack genotype data
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High grade histologic transformation may occur in ESS harboring 

LGESS-associated gene fusions

Case MI CD10 ER PR BCOR Cyclin D1 p53 Fusion

1 8 Pos Pos >95% Pos >95% Neg Neg Wildtype EPC1::PHF1

2 30 Pos Pos >95% Pos 5% Neg Neg Wildtype JAZF1::SUZ12

3 16 Pos Neg

4 10 Neg JAZF1::SUZ12

5 18 Neg Neg Neg Neg Neg JAZF1::PHF1

6 9 Pos Pos >95% Pos >95% Pos Pos JAZF1::SUZ12

7 16 Pos Pos >95% Pos >95% Neg Neg Wildtype JAZF1::SUZ12

8 30 Neg Neg Neg Neg Wildtype JAZF1::PHF1

9 20 Neg Neg Neg Neg Wildtype BRD8::PHF1

10 30 Neg Neg Neg Wildtype JAZF1::SUZ12

11 10 Neg Neg Wildtype JAZF1::PHF1

12 6 Pos Pos >95% Pos >95% Neg Wildtype JAZF1::SUZ12

1

2

3

LG HGCase
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Similar to breast cancer, ESR1 mutations may play role in endocrine 

therapy resistance in LGESS

NCCN guidelines: 
Adjuvant therapy in LGESS

Endocrine resistance in 
LGESS and breast cancer
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ESR1 mutations are associated with high grade transformation and 

endocrine treatment
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ESR1 mutations are associated with high grade transformation and 

endocrine treatment
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2002: Is uterine “PEComa” a single entity?

Group A “PEComa”

Group B “PEComa”
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Uterine sarcomas may show ESS and “PEComa” histologic features 

and harbor TSC2 mutations and JAZF1::SUZ12 fusion
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Uterine sarcomas may show ESS and “PEComa” histologic features 

and harbor TSC2 mutations and JAZF1::SUZ12 fusion

Case Age (y) Initial Diagnosis Morphology Gene Fusion Mutation

P1 46 LGESS Epithelioid and spindled JAZF1::SUZ12 TSC2Y429*
TSC2 L1575P

P2 61 LGESS Spindled JAZF1::SUZ12 TSC2 787*
TSC2 H1019Qfs*135

P3 55 LGESS Epithelioid and spindled JAZF1::SUZ12 TSC2 C646*
TSC2 W1194*

P4 50 HGESS Epithelioid Negative TSC2 W358*
TSC2 S1482fs

P5 65 PEComa Epithelioid JAZF1::SUZ12 TSC2 exon 11 splicing variant

CD10 HMB45

BCOR CTSK
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TSC2-mutant uterine sarcomas cluster with LGESS by methylation 

and respond to mTOR inhibition

Baseline Baseline40d post mTORi 40d post mTORi



Private Information

2011: Unusual cervical sarcomas are described as endocervical 

fibroblastic malignant peripheral nerve sheath tumor (“MPNST”)

Case 1 Case 2 Case 3

Age 32 60 25

Site Cervix Cervix Cervix

CD34 + + +

S100 + + +

SOX10 - - -

Desmin - - -

Keratins - - -

ER/ PR - - -

No endoneural or neural differentiation 
by electron microscopy
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Median age

32 y

FIGO stage

IA: 7 (50%)

IB: 6 (43%)

IIB: 1 (7%)

Cervix origin

93%

Cervical “MPNST” likely represents fibrosarcoma-like uterine 

sarcoma underpinned by NTRK fusions
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Antibody Staining pattern

Desmin -

SMA + (focal)

ER -

PR -

CD34 +/-

S100 + (varied extent)

SOX10 -

H3K27me3 +

S100

S100CD34

CD34 and 
S100 caveats

• Not always 
reproducible

• Not specific

NTRK fusion fibrosarcoma shows no line of differentiation but may 

have variable CD34 and S100 expression
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Uterine sarcoma fusions:
○ NTRK1: TPM3, LMNA, TPR 
○ NTRK3: RBPMS, EML4, SPECC1L

One patient with SPECC1L-NTRK3 fusion positive uterine 
sarcoma s/p polypectomy, doxorubicin/ifosfamide (5 cycles) 
and pelvic radiation, developed pleural metastasis and had 
complete radiographic response to larotrectinib

RBPMS-NTRK3 fusion
Cytoplasmic only

LMNA-NTRK1 fusion
Cytoplasmic and perinuclear

NTRK fusion fibrosarcoma may respond to Trk inhibition
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Genotype-phenotype correlation prompts changes in WHO uterine 

sarcoma classification

YWHAE 
fusion

BCOR
ITD

BCOR
fusion

NOS

WHO 4th Edition
2014, p 144 WHO 5th Edition

2021, pp 289-291

YWHAE 
fusion

LGESS 
with 
high 

grade 
foci

NTRK
fusion

HGESS HGESS

Fibrosarcoma
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Clinical behavior of uterine smooth muscle tumors is difficult to 

predict by pathology criteria
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Uterine LMS profiled by MSK-IMPACT during 2014-2020 (n=167)

≥1 genomic landmark: 96% (n=160/167)
≥2 genomic landmarks: 80% (n=133/167)

Genomic landscape of uterine LMS by NGS identifies novel 

diagnostic markers
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Uterine LMS genomic landmarks are detectable by 

immunohistochemistry (IHC) 
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IHC interpretation of surrogate markers correlates with NGS profiles 

and is reproducible

Test cohort with MSK-IMPACT data 

LMS (n=16), STUMP (n=6), 
leiomyoma (n=6)

Initial IHC panel

TP53, RB1, PTEN, ATRX

Second IHC panel

DAXX, MTAP, MDM2

Independent IHC review by 3 
pathologists blinded to MSK-

IMPACT data

Excellent concordance between IHC and 
genomic profiles (kappa: 0.863, X2 P: 
<0.0001)

Excellent concordance in IHC interpretation 
among pathologists (kappa: 0.97, X2 P: 
<0.0001) 
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Molecular-based IHC is sensitive and specific in confirming LMS with 

≥2 abnormal markers 

Validation cohort

LMS (n=10), STUMP (n=12), leiomyoma (n=8),  
leiomyoma with bizarre nuclei (n=13), LGESS (n=7)

Initial IHC panel

TP53, RB1, PTEN, ATRX

Second IHC panel

DAXX, MTAP, MDM2

Independent IHC review by 3 pathologists blinded 
to MSK-IMPACT data

≥1 abnormal IHC ≥2 abnormal IHC

True positive (%) 100 92

False negative (%) 0 8

False positive (%) 18 0

True negative (%) 82 100

Sensitivity (%) 100 92

Specificity (%) 82 100
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Molecular-based IHC can resolve diagnostic dilemmas in challenging 

uterine smooth muscle tumors

CASE 1 – patient seeking 2nd opinion at MSK

41 year old woman with fibroid uterus – outside slides 

reviewed at MSK

Outside pathology reports:

Myomectomy 2014

Cellular leiomyoma with bizarre nuclei and ischemic changes

Note: Diffuse atypia, MI <3/10 HPF, infarct necrosis. Some 

pathologists may diagnose STUMP.

Total abdominal hysterectomy and bilateral salpingo-

oophorectomy 2018

STUMP 

Note: Diffuse atypia, MI <3/10 HPF, infarct necrosis, no LVI 

Left 10th rib biopsy 2020

Low-grade spindle cell neoplasm similar to uterine primary

c

ATRX Rb
Unpublished data

Hysterectomy specimen

P53 Wildtype

ATRX Loss

Rb Loss

PTEN Retained

Diagnosis: LMS

Molecular-based IHC 

on hysterectomy specimen
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Molecular-based IHC can resolve diagnostic dilemmas in challenging 

uterine smooth muscle tumors

CASE 2 – MSK pathology consultation

46 year old woman with fibroid uterus – outside slides 

reviewed at MSK

Outside preliminary pathology report:

Supracervical hysterectomy and bilateral salpingo-oophorectomy

9 cm submucosal small round blue cell tumor, favor ESS

CD10 Negative HMB45 Positive (rare)

ER Positive (weak) Melan A Negative

PR Positive (weak) Cyclin D1 Negative

Desmin Positive OSCAR Negative

SMA Positive (weak) AE1/AE3 Negative

Caldesmon Positive Inhibin Negative

Myogenin Negative FLI1 Negative

CD34 Negative CD99 Positive

P53 Wildtype

ATRX Wildtype

Rb Loss

PTEN Retained

DAXX Loss

Outside IHC

Diagnosis: 
Epithelioid LMS

Molecular-based IHC 

on hysterectomy specimen

Mild atypia
MI 7/10 HPF
No necrosis

Rb DAXX
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Molecular-based IHC can resolve diagnostic dilemmas in challenging 

uterine smooth muscle tumors

CASE 3 – MSK pathology 

consultation

51 year old woman with fibroid uterus –

outside slides reviewed at MSK

Outside pathology reports:

Total abdominal hysterectomy, bilateral 

salpingo-oophorectomy, sigmoidectomy, 

omentectomy, peritonectomy 2020

High grade poorly differentiated uterine 

sarcoma, 8 cm, transmurally invasive of the 

uterine and colonic walls with spread to left 

ovary and tube 

CD10 Positive Myogenin Negative LCA Negative

ER Positive MyoD1 Negative CD34 Negative

PR Positive S100 Negative ERG Negative 

Desmin Positive SOX10 Negative WT1 Negative

SMA Positive MDM2 Negative E-cadherin Negative

Caldesmon Positive CDK4 Negative DOG1 Negative

Cyclin D1 Negative AE1/AE3 Negative cKIT Negative

Outside IHC

Marked atypia
MI 51/10 HPF
Necrosis
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Molecular-based IHC can resolve diagnostic dilemmas in challenging 

uterine smooth muscle tumors

CASE 3 – MSK pathology consultation

51 year old woman with fibroid uterus – outside slides 

reviewed at MSK

Outside pathology reports:

Cervical polypectomy 2012

Most consistent with prolapsed submucosal uterine 

leiomyoma

Desmin Positive

SMA Positive

ER Positive 

PR Positive

CD34 Negative

Caldesmon Positive

Retrospective re-review: Was this 2012 
“leiomyoma” related to the 2020 stage IV 
uterine sarcoma?

Outside IHC
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Molecular-based IHC can resolve diagnostic dilemmas in challenging 

uterine smooth muscle tumors

ATRX

ATRX PTEN

PTEN

Polypectomy Hysterectomy

P53 Null Null

ATRX Loss Loss

Rb Retained Retained

PTEN Loss Loss

Diagnosis: 
2020 specimens: LMS with 
epithelioid and myxoid features 
2012 specimen: Atypical spindle 
cell neoplasm, likely incipient LMS

Molecular-based IHC 

on hysterectomy specimen

2020 
hysterectomy

2012 
polypectomy
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Molecular-based IHC may be implemented in surgical pathology 

practice in lieu of NGS
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In summary, pathologists make a huge impact on 
patient care by observing disease frozen in time

Gene fusions define novel uterine sarcoma 
subtypes with distinctive histologies

Next generation sequencing may uncover 
therapeutic targets and clinical biomarkers

Molecular-based IHC can aid evaluation of 
challenging uterine smooth muscle tumors
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In summary, pathologists make a huge impact on 
patient care by observing disease frozen in time

Gene fusions define novel uterine sarcoma 
subtypes with distinctive histologies

Next generation sequencing may uncover 
therapeutic targets and clinical biomarkers

Molecular-based IHC can aid evaluation of 
challenging uterine smooth muscle tumors

Thank you
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