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Why Should We Try to Classify the 
“Zebras”? 
• Many mesenchymal neoplasms fail to respond to 

chemo/radiation therapy 
 

• Targeted therapy as an alternative treatment modality 
• Inflammatory myofibroblastic tumor – Tyrosine Kinase 

Inhibitors 
• PEComa – mTOR Inhibitors 
• NTRK-rearranged spindle cell sarcoma – NTRK Inhibitors 
• SMARCA4-deficient uterine sarcoma – EZH2 Inhibitors  



What Molecular Test to Order  
• Mutations: Next-Generation Sequencing (DNA) 

• TSC mutations in PEComa 
• SMARCA4 mutations in SDUS 

 
• Rearrangements: Next-Generation Sequencing (RNA 

Fusion Analysis) or FISH (DNA) 
• ALK fusion in IMT 
• NTRK fusion in NTRK-rearranged spindle cell sarcoma  



PERIVASCULAR 
EPITHELIOID CELL 
TUMOR (PECOMA) 





Nested Growth with Delicate Vasculature 



Radial/Perivascular Distribution 



Clear Cytoplasm Eosinophilic Cytoplasm 



Spindle Cells 



Foamy Cells Melanin Pigment 



Sclerosing PEComa 



Atypical Features 



Folpe 2005 Schoolmeester 2014 Bennett 2018 

Benign < 5 cm, not infiltrative, 
no high-grade atypia, 
mitoses ≤ 1 / 50 HPFs, 
no necrosis, no LVI 

< 4 features (≥ 5 cm, 
high-grade atypia, 
mitoses > 1 / 50 HPFs, 
necrosis, LVI) 

Uncertain 
Malignant  
Potential 

Nuclear pleomorphism / 
multinucleated giant 
cells or > 5 cm 

< 3 features (> 5 cm, 
high-grade atypia, 
mitoses > 1 / 50 HPFs, 
necrosis, LVI) 

Malignant 2+ features (> 5 cm, 
infiltrative, high-grade 
atypia, mitoses > 1 / 50 
HPFs, necrosis, LVI) 

≥ 4 features ≥ 3 features 

Prognostic Features 



PEComas are Characterized by 
Expression of Myomelanocytic Markers 

• Myogenic – SMA, desmin, caldesmon 
• Melanocytic – HMB-45, Melan-A, MiTF 

 
BUT, exactly how much staining for melanocytic  

markers is required to make the diagnosis  
remains controversial…. 



Molecular 
Features 

•“Classic” PEComas 
• TSC1 or TSC2 
mutations 

• Somatic or germline 
(~10%) 
 

•TFE3-Translocation 
Associated 
PEComas 

Argani 2010 
Agaram 2015 
Schoolmeester 2015 
Bennett 2018 
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TFE3 

TFE3-Translocation Associated PEComa 



TFE3-Translocation Associated PEComa 

• Nested / alveolar growth 

• Epithelioid cells with clear cytoplasm 

• Variably cytological atypia and mitoses 

• Strong and diffuse HMB-45, TFE3, cathepsin K 

• Focal / negative Melan-A and myogenic markers 

Schoolmeester 2015 



The Myomelanocytic Controversy….. 
• Schoolmeester et al. (2014) proposed “that a tumor exhibiting 

morphologic features of PECs with at least focal IHC expression 
of 2 melanocytic markers, preferably HMB45 and MelanA, with 
concurrent expression of at least a single muscle marker such 
as SMA, desmin, or h-caldesmon should be classified as 
PEComa.” 
 

• Selenica et al. (2020): 5/17 mesenchymal tumors with 
myomelanocytic differentiation harbored TSC2 mutations and 
1/12 had a TFE3 rearrangement  







In a Nutshell 
• Perform a thorough morphological and immunohistochemical 

evaluation 
 

• If cannot make a definitive diagnosis: 
• Sign out descriptively 
• In comment, discuss differential and recommend genetic testing in 

clinically indicated cases 
• Do not want to miss a potential TSC diagnosis or the opportunity for 

treatment with mTOR inhibitors! 



INFLAMMATORY 
MYOFIBROBLASTIC 
TUMOR (IMT) 



18 years later 





Myxoid Pattern 



Myxoid Pattern 



Compact/Fascicular Pattern 



Hyalinized Pattern 



Lymphoplasmacytic Inflammation Ganglion-Like Cells 



ALK 



Immunohistochemistry 
Study SMA Desmin CD10 Caldesmon 

Rabban 2005 100%, often 
weak/focal 

67%, often 
weak/focal 

NP NP 

Parra-Herran 
2014 

89% 90% 100% 43%, often 
weak/focal 

Bennett 2017 NP 91% 85% 42% 

Pickett 2017 100% 100% 33% NP 

Devereaux 2019 NP 67% 100%, often 
focal/patchy 

67% 

95% (20/21) 85% (33/39) 81% (25/31) 48% (12/25) 

IFITM1 positive in 19/23 (83%), BCOR weakly positive in 8/20 (40%), and transgelin in 22/23 (96%) 
Bennett 2020 



FISH 
• 5’-end (green) of partner gene 

fused to 3’-end (red) of ALK 
tyrosine kinase domain  

 
• Abnormal signals have been 

reported 
 

• PITFALL – may get false 
negative result if 
intrachromosomal inversion 
present 

Haimes 2017 
Bennett 2017 
Devereaux 2019 



RNA Fusion Analysis 
Study TIMP3 THBS1 IGFBP5 DES FN1 SEC31 TPM3 TNS1 

Bennett 2017 1 3 2 2 0 1 1 0 

Haimes 2017 / 
Mohammed 
2018 

1 4 6 0 2 0 0 1 

Cheek 2020 4 1 0 0 0 0 0 0 

Devereaux 2020 5 2 0 0 0 0 0 0 

11 10 8 2 2 1 1 1 

PITFALL: Not sequencing the entire ALK gene can result in a false 
negative result as fusions outside of exons 17-20 have been reported!  



Non-ALK Fusions Are Rare in Uterine IMTs 

Ladwig 2018 
Takahashi 2018 
Cheek 2020 



IMT in Pregnancy 



IMT in Pregnancy 
• Setting of prenatal complications 
• Location: 

• Detached 
• Adherent to placental disc/extraplacental membranes 
• Within placental disc 

• Maternal origin 
• ER weak to negative, PR strong 
• TIMP3 and THBS1 fusions (ALK, RET, ROS1) 
• Appear to have a favorable prognosis Banet 2015 

Ladwig 2018 
Cheek 2020 
Devereaux 2020 



Malignant IMT 



Malignant IMT 



Malignant IMT 
• Tumor cell necrosis 
• Large tumor size (> 7 cm) 
• Moderate to severe atypia 
• High mitotic activity (> 10/10 

HPF) 
• Infiltrative borders 
• ? Complete loss of p16 

staining 
• CDKN2A deletion 

• ? TP53 mutation 
 Busca 2018 

Bennett 2020 

p16 



NTRK-REARRANGED 
SPINDLE CELL SARCOMA 
(FIBROSARCOMA-LIKE 
UTERINE SARCOMA) 



Courtesy of Dr. Esther Oliva, MGH 

• Premenopausal  
• Cervix > corpus 
• Stage I disease 



Courtesy of Dr. Esther Oliva, MGH 



Courtesy of Dr. Joe Rabban, UCSF 



Study # of 
Cases 

Pan-Trk S100 CD34 SMA Desmin ER PR 

Chiang 
2018 

4 Cytoplasmic < 10% Neg Focal Neg Neg Neg 

Croce 
2019 

7 Cytoplasmic Diffuse   
(1 focal) 

Diffuse    
(1 focal) 

Not done Neg Neg Neg 

Rabban 
2020 

3 Cytoplasmic Diffuse   
(1 focal) 

Neg Neg Neg Neg Neg 

Immunohistochemistry 

PITFALL: Leiomyosarcomas and normal smooth muscle 
may also be Pan-Trk positive in the absence of NTRK fusion 



Molecular Findings 
NTRK Gene Fusion Partner 
NTRK1 TPM3, TPR, LMNA 
NTRK3 RBPMS, EML4, SPECC1L 



I have a uterine tumor that is morphologically identical to a 
NTRK sarcoma, but besides being desmin, ER, and PR 
negative, S100 and pan-Trk are also negative. Negative for 
NTRK fusion. What now? 

Test for COL1A1-PDGFB fusion and if positive  
COL1A1-PDGFB rearranged sarcoma 

• 48, 60, 82 years 
• 2 cervix, 1 corpus 
• 1 DOD, 1 NED, 1 recent 
• ? Imatinib 



SMARCA4-DEFICIENT 
UTERINE SARCOMA 
(SDUS) 



Courtesy of Dr. Brooke Howitt, Stanford 

• Premenopausal  
• High-stage disease 



Courtesy of Dr. Brooke Howitt, Stanford 



Infrequent 
Morphological 
Features 

•Cords or vague nests 
•Focal myxoid stroma 
•Stromal hyalinization 
•Focal phyllodiform 
architecture 

•Biphasic (small and 
large cells) 

•Spindle cells 
Lin 2019 
Kolin 2020 



Overall, SDUS is Characterized by 
NEGATIVE Immunohistochemistry 

• BRG-1 loss (rarely INI-1) 
• Claudin-4 
• Keratins 
• EMA 
• Myogenic markers 
• Hormone receptors 
• WT1 
• HMB-45 

 

MMR retained 
p53 wildtype 

 

Kolin 2018  
Lin 2019 
Kolin 2020 



Parameter SDUS Undifferentiated 
Carcinoma 

Age Mean: 36 years 
Median: 34 years 

Mean/median: 61 years 

Claudin-4 0% 45% 

MMRD/MSI 0% 44% 

TP53 Mutation 0% 34% 

Other Mutations (non 
SMARCA4/SMARCB1) 

Rare PTEN, PIK3CA, 
CTNNB1, ARID1A/B 

CNV 45% (few) 84% 

Disease-Specific 
Survival 

Median: 9 mo Median: 36 mo 

Kolin 2020 

Main DDX: Undifferentiated Carcinoma 

PITFALL: BRG-1 
and INI-1 loss 
can be seen in 
undifferentiated 

carcinomas! 



Hereditary 
Basis? 

• Rhabdoid Tumor 
Predisposition Syndrome 
Type 2 is characterized 
by SMARCA4 germline 
mutations 
 

• Daughter diagnosed with 
SCCOHT at 31 years 
 

• Mother diagnosed with 
SDUS at 55 years 

Connor 2020 



Role of Targeted Therapy? 



RHABDOMYOSARCOMA 
(RMS) 



Rhabdomyosarcoma 
in the Uterus 

•Embryonal 
Rhabdomyosarcoma 
 

•Alveolar 
Rhabdomyosarcoma 
 

•Pleomorphic 
Rhabdomyosarcoma 



Alveolar RMS 
• Nests or alveoli separated 

by collagenous stroma 
 

• Small round blue cells and 
admixed rhabdomyoblasts 
 

• Adhere to septa peripherally 
and non-cohesive centrally 
 

• PAX3-FOXO1 or PAX7-
FOXO1 fusions 
 

Pleomorphic RMS 
• Markedly atypical polygonal, 

spindle, and giant cells with 
brisk mitoses 
 

• May be difficult to visualize 
cross striations 
 

• PITFALL: Sample thoroughly 
to exclude carcinosarcoma/ 
adenosarcoma with 
rhabdomyosarcomatous 
differentiation! 
 

  



Courtesy of Dr. Esther Oliva, MGH 



Cambium Layer 





Anaplasia Primitive Cells 



Rhabdomyoblasts 



Heterologous Elements 



Cervical ERMS found to be associated 
with germline DICER1 mutations 



de Kock 2019 

The Spectrum of DICER1 Syndrome 



Not all DICER1 Mutations in  
ERMS are Germline 

de Kock 2020 



ERMS in the Uterine Corpus also  
Harbor DICER1 Mutations 

Heterologous                                 

Anaplasia                          Present 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 *  Hotspot 

DICER1 * * * *   * *     * * *     *   * *   * H  H    Missense 

TP53         * *   * *     * * *                   *    Frameshift 

PI
3K

 

KMT2D                                                  Nonsense 

PPP2R1A                 *       *                        Splicing 

PIK3CA               *                           H  *    In-frame duplication 

PIK3CD                                                Promoter mutation 

PIK3R1                       *                        H  Only hotspots tested 

ARID1A                                              Not tested 

ARID4A                                                 

PTEN                       *                       

R
A

S KRAS       *           *             *   *     H H 

NRAS                                       *   H H 

BCOR                                               

TERT                                           H  H 

Bennett USCAP 2020 



ERMS Pearls 
• Occur in all ages in the corpus and cervix 

 
• Sample generously to look for 

cartilage/heterologous elements 
 

• Inquire about personal/family history in all patients 
 

• If history suspicious and/or young patient, 
recommend molecular testing! 



UTERINE TUMOR 
RESEMBLING OVARIAN SEX 
CORD TUMOR (UTROSCT) 



Uterine Stromal Neoplasms 
with Sex Cord-Like Elements 

Group I (Endometrial 
Stromal Tumor with 

Sex Cord-Like 
Elements/ESTSCLE) 

Endometrial Stromal 
Neoplasm with Sex 
Cord-Like Elements 

Group II (UTROSCT) 

GREB1 Fusions ESR1 Fusions 

Clement and Scully 1976 



Sex Cord-Like Elements 



Sex Cord-Like Elements 



Sex Cord-Like Elements 





Courtesy of Dr. Zehra Ordulu Sahin, MGH 

Rhabdoid Cells Foam Cells 



Variably express sex cord markers, 
myogenic markers, epithelial markers, 

hormone receptors, and CD10 

Lack JAZF1-SUZ12 fusions as well as 
FOXL2 and DICER1 mutations 

Irving 2006 
Hurrell 2007 
Staats 2009 
De Leval 2010 
Chiang 2015 
Croce 2016 
Stewart 2016 





ESR1 UTROSCTs 
• Partners: NCOA2/3 

• Often premenopausal 

• Sex cord-like elements 

• Foam cells, Leydig-like cells 

• More often positive for sex 
cord markers 

• No known recurrences* 

GREB1 UTROSCTs 
• Partners: NCOA1/2/3, 

CTNNB1, NR4A3, SS18 

• Often peri/postmenopausal 

• +/- sex cord-like elements 

• +/- fascicular growth 

• +/- sex cord markers 

• Rare tumors have recurred 

GREB1 Sarcomas 



Case Time to First 
Recurrence 

Hysterectomy Metastases Sex Cord Markers Myogenic 
Markers 

Epithelial 
Markers 

ER/PR 

1 7 years Uniformly 
rhabdoid, no 
appreciable 
mitoses 

Uniformly rhabdoid, 
16/10 HPF 

Only WT1+ - AE1/AE3+ 
CAM5.2+ 

+ 

2 9 years Uniformly 
rhabdoid, 4/10 
HPF 

Uniformly rhabdoid, 
17/10 HPF 

Only WT1+ 
 

- CAM5.2+ 
AE1/AE3- 

+ 

3 32 years N/A #1: 50% rhabdoid, 
2/10 HPF 
#2: Uniformly 
rhabdoid 

Calretinin+ 
WT1+ 
Melan-A+ 
Inhibin- 

Desmin+ CAM5.2+ + 



Are there features associated with recurrence? 

• Mitoses > 2/10 HPFs 

• Necrosis 

• GREB1 fusion 
• ESR1-NCOA2 fusion 
with extensive 
rhabdoid 
differentiation Moore 2017 

Brunetti 2018 
Croce 2019 
Goebel 2020 
Bennett 2020  



PITFALL: ESR1-NCOA2/3 fusions have also 
been detected in several adenosarcomas 

Piscuoglio 2016 
Bean 2019 

Courtesy of Dr. Zehra Ordulu Sahin, MGH Courtesy of Dr. Zehra Ordulu Sahin, MGH 



UNDIFFERENTIATED UTERINE 
SARCOMA (UUS) 



When to Use the Diagnosis of UUS 

• Minimal expression of desmin/caldesmon or focal 
SMA expression in isolation 
 

• Lack of molecular alterations diagnostic of other 
mesenchymal neoplasms 
 

• Ruled out non-sarcoma diagnoses 
• Undifferentiated carcinoma, melanoma, lymphoma, 

plasmacytoma, metastasis, etc 



THANK YOU! 
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