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Pathologists make discoveries through observation
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Pathologists make discoveries through observation

e New clinicopathologic
entities
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Part 1: Morphologic correlation with next-generation sequencing (NGS)

promotes explosion of new clinicopathologic entities

2019
PLAGz1 fusion
2017 Myxoid LMS
Z(C3H7B::BCOR
fusion PGR fusion
2001 2012 HGESS Epithelioid LMS
JAZF1::5UZ12 YWHAE::NUTM2
fusion fusion BCORITD GREBz1 fusion
LGESS HGESS HGESS UTROSCT
2006 2014 2018 2021
PHF1 fusion EZHIP fusion NTRK fusion BCORL1 fusion
LGESS LGESS fibrosarcoma HGESS

LGESS: low-grade endometrial stromal sarcoma
HGESS: high-grade endometrial stromal sarcoma

LMS: leiomyosarcoma
UTROSCT: uterine tumor resembling ovarian sex cord tumor
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2013: ZC3H7B::BCOR fusion is detected in ESS but its association

with phenotype remains unknown

GENES, CHROMOSOMES & CANCER 52:610-618 (2013)

Fusion of the ZC3H7B and BCOR Genes in Endometrial
Stromal Sarcomas Carrying an X;22-Translocation

1% Jim Thcvrsen,"2 Ludmila Gorunova\,"2 Lisbeth Halugchm,"2 Bodil Bierkehagen,3

'24 and Francesca Micci'?

loannis Panagopoulos,
Ben Davidson,“ Sverre Heim,

Case 1 Case 2

D ZC3H7B exon 10 exon8 BCOR
|GACACGAGGCTCOC TG G ACRAACCT GACTCCT TCATGFECGAGTATAGT GT TG GAAACAAGCACCG TG ATCCCTTTG

mmdumJn.mmhnunmhmhnmJ.mmmmm.lmm

ThrArgGlySerLeuAspLysProAspSerPheMetGlyGluTyrSerValGlyAsnLysHisArgAspProPhe

E BCOR exon 7 exon 11 ZC3H7B
|AGGAGGCCAT TGCAGAACAGAACGAAAGTGAGAGATA GGAGACCAAC TCACAGGACCACCGTCCCCC TAGE |

A“A“m“n.hAMmAhulMAhhlhhnmhm“mnhmmh

Glu AlalleAlaGlu Glu Asn Glu Ser Glu Arg End
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ZC3H7B::BCOR fusion suggests new HGESS subtype often

mimicking myxoid LMS

ORIGINAL ARTICLE

Novel High-grade Endometrial Stromal Sarcoma
A Morphologic Mimicker of Myxoid Leiomyosarcoma
Lien N. Hoang, MD,* Amandeep Aneja, MD,* Niamh Conlon, MD,7 Deborah F. Delair, MD,*
Sumit Middha, PhD,* Ryma Benayved, PhD.* Martee L. Hensley, MD.} Kay J. Park, MD,*

Travis J. Hollmann, MD.* Meera R. Hameed, MD,* Cristina R. Antonescu, MD,* 1
Robert A. Soslow, MD,* and Sarah Chiang, MD*

| |casea  |case2  [Case3 |
Diffuse + Diffuse + Diffuse +
ER/ PR Diffuse + - -

R
S
Focal + - Focal + > O
Initial diagnoses ESS with LG and UUS with features  Myxoid LMS 3 \
HG features of ESS and myxoid %_‘g@%\uf-‘j
LMS Melanoma Sy .,a‘.;n__n;‘;zﬁ 4\}‘
Myxoid LMS SROIRE N
ZC3H7B::BCOR ZC3H7B::BCOR ZC3H7B::BCOR
MSK Solid Fusion Foundation One MSK Solid Fusion
(35 genes) (28 genes) (35 genes) 3
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ZC3H7B::BCOR fusion confirms new subtype of HGESS with

distinctive morphology

Mootrs PathoLoay [zof) 30 S7e—68s
G o e LSCAR, ine All Aghts noerved cdg4-ypei8 See

ZC3H7B-BCOR high-grade endometrial stromal
sarcomas: a report of 17 cases of a newly
defined entity

Natasha Lewis', Robert A Soslow?, Deborah F Delair!, Kay | Park!, Rgjmohan Murali?,
Travis | Ht:].lma.tm Ben Davidson?3, Francesca Micci?, Ioannis P:magc:pmﬂns“

Lien N Hoang®, Javier A Arias-Stella f[]:[1 Esther Oliva®’, Robert H Young®”,

Martee L Henslevﬂ Mario M Leitao Jr¥, Meera Hameed?, R\rma Benaved”, Marc Ladanyi?,
Denise Frosina!,"Achim A Jungbluth?, Cristina R Antonescu® and Sarah Chmng
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Bland spindle cells and myxoid matrix are common features of

ZC3H7B::BCOR fusion HGESS

Myxoid stroma Cytologic atypia Vasculature
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Unusual features of ZC3H7B::BCOR fusion HGESS may mimic other

uterine mesenchymal tumor types

Verocay bodies Stromal balls  Hemangiopericytoma-like vessels
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ZC3H7B::BCOR fusion HGESS is often CD10/ cyclin D1 positive and
desmin negative with variable ER/ PR expression
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Subset of ZC3H7B::BCOR fusion HGESS have BCOR overexpression

and MDM2/ CDK4 pathway alterations

Moverw PArHoLOGY [2057) 30, 2581260

& e LSCA, ine Aldghts neserved ol 4752 7 $32.00 1251

Contents lists available at ScienceDirect

BCOR is a robust diagnostic
immunohistochemical marker of genetically
diverse high-grade endometrial stromal

sarcoma, including tumors exhibiting variant
Genomic profiling of BCOR-rearranged uterine sarcomas reveals novel L)) morphology
gene fusion partners, frequent CDK4 amplification and CDKN2A loss

Gynecologic Oncology

journal homepage: www.elsevier.com/locate/ygyno

Sarah Chiang!, Cheng-Han Lee?#, Colin JR Stewart?, Esther Oliva®, Lien ?I Hoang?,

Douglas I. Lin®*, Amanda Hemmerich®, Claire Edgerly ®, Daniel Duncan ®, Eric A. Severson®, Rola H Ali®, Martee L Hensley’, Javier A Arias-Stella ', Denise Frosina', ;
Richard S.P. Huang®, Shakti H. Ramkissoon >, Yamicia D. Connor ¢, Meghan Shea®, Jonathan L. Hecht ", Achim A Jungbluth’, Ryma Benayed’, Marc Ladanyi , Meera Hameed', Lu Wang?,

Yu-Chien Kao!*®, Cristina R Antonescu® and Roberi A Soslow?

Siraj M. Ali?, Jo-Anne Vergilio?, Jeffrey S. Ross *%, Julia A. Elvin?
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TR 11111111111

|

45% 17.5%
BCOR

ZC3HTB BCOR ZC3HTB

ez o 11 IAHRRRRERRE
- onis 7:15 B xons 9.
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BCOR positivity in fusion negative uterine sarcoma leads to

discovery of BCOR ITD

Moners ParnoLoay (2017) 30, 251-1261
@ sy LS. In Alights neiseved dgs 27517 S350 1251

BCOR is a robust diagnostic
immunohistochemical marker of genetically
diverse high-grade endometrial stromal
sarcoma, including tumors exhibiting variant
morphology
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BCOR ITD HGESS shows overlapping features of YWHAE
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BCOR ITD shows similar histology across primary sites with HGESS

affecting pediatric and adult age groups

Moutas ParkoLoey (205) 30, 5i-i26
pery ey rep———— FET

BCOR is a robust diagnostic O D
immunohistochemical marker of genetically
diverse high-grade endometrial stromal

sarcoma, including tumors exhibiting variant H_I_-_H_I_I_I_H_H_I_-

morphology

Sarah Chiang?, Cheng-Han Lee?#, Colin JR Stewart?, Esther Oliva®, Lien N Hoang?,

Rola H Ali®, Martee L Hensley”, Javier A Arias-Stella IT', Denise Frosina®, 1 3 5 - 9 113 15
Achim A ]ung1 luth!, Ryma Benayed’, Marc Ladanyi’, Meera Hameed', Lu Wang?,

Yu-Chien Kao'®, Cristina R Antonescu® and Robert A Soslow?

ORIGINAL ARTICLE

B Brain
=3 Colon 1
. . . . . idn
BCOR Internal Tandem Duplication in High-grade Uterine I s e £
Sarcomas e 2.2
Adrian Mariiio-Enriquez, MD, PhD.* Alexandra Lauria, BSc, RN,* Joanna Przybyl PhD, 7 é
3 3

Tony L. Ng MD, PhD.j; Magdalena Kowalewska, PhD,§|| Maria Debiec-Rychter, MD, PhD.,Y|
Raji Ganesan, FRCPath# Vaivapuri Sumathi, FRCPath** Suzanne George, MD, 7+
W. Glenn McCluggage, FRCPath.}} Marisa R. Nucci MD*
Cheng-Han Lee, MD, PhD.§§ and Jonathan A. Fletcher, MD* —4

Clinical Translational Research

T oo BCOR ITD HGESS median age

. Accepted: August 27, 2018
PORIDH5I000493522 Published online: October 31,2018
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A Pan-Cancer Landscape Analysis Reveals a Subset
of Endometrial Stromal and Pediatric Tumors
Defined by Internal Tandem Duplications of BCOR (14 -6 1)

Luke T.Juckett® Doug|.Lin® Russell Madison® Jeffrey S. Ross”
Alexa B. Schrock® Siraj Ali®
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HGESS with YWHAE and BCOR abnormalities form a distinct

molecular group with NTRK3 mRNA upregulation

Madern Pathology 2021) 34:1008-1016 M Pan-Trk IHC cohort
hitps//dolorg L1038/ 1379-0 20-00705-6 HGESS (n=35)

_ ® Pan-Trk IHC expre55|on in >90% of HGESS

Targeted RNA expression profiling identifies high-grade endometrial
stromal sarcoma as a clinically relevant molecular subtype of uterine
sarcoma

Amir Momeni-Boroujeni (3" « Nissreen Mohammad® + Robert Wolber® « Stephen Yip©™ « Martin Kobel® «
Brendan C. Dickson ()%« Martee L. Hensley” - Mario M. Leitao Jr.2 « Cristina R. Antonescu (' < Ryma Benayed' -
Mare Ladanyi” - Cheng-Han Lee” - Sarah Chiang'
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1980-2014: High grade transformation of LGESS is observed, but

studies lack genotype data

GYNECOLOGIC ONCOLOGY 9, 108113 (1980)

International Journal of Gynecological Pathology
29:374 377, Lippincott Williams & Wilkins, Baltimore
© 2010 International Society of Gynecological Pathologists

CASE REPORT Case Report
Transition From Low-grade Endometrial Stromal Sarcoma

Dedifferentiation of Endolymphatic Stromal Myosis to to High-grade Endometrial Stromal Sarcoma

Poorly Differentiated Uterine Stromal Sarcoma

McCLURE L. SMiTH, M.D.,!' LoreN L. FaaBorG, M.D.,?

} RN MD. Yoshiki Ohta, rhp., Takao Suzuki, pho., Mutsuko Omatsu, m.p., Shigeharu Hamatani, m.p.,
AND JAMES R. NEwLAND, M.D.

Akira Shiokawa, m.p., Miki Kushima, m.p., and Hidekazu Ota, mp.

J Clin Pathol 1996;49:604-607 ORIGINAL ARTICLE

Mixed low grade and high grade endometrial

§tr0rnal sarcoma Of: uterus: differences on o Endometrial Stromal Sarcomas and Related High-grade
immunohistochemistry and chromosome in situ Sarcomas: Immunohistochemical and Molecular Genetic
hybridisation Study of 31 Cases

Shuichi Kurihara, MD* Yoshinao Oda, MD, PhD* Yoshihiro Ohishi, MD, PhD*
Atsuko hvasa, MD.* Tomonari Takahira, MD, PhD* Eisuke Kaneki MD, PhD,t
A N-Y Cheung, W-F Ng, L-P Chung, U-8 Khoo Hiroaki Kobayashi, MD, PhD,# Norio Wake, MD, PhD,7 and Masazumi Tsuneyoshi, MD, PhD*

Available online at www.sciencedirect.com

-:: “ ScienceDirect gﬂzﬁ:;;gic ORIGINAL ARTICLE

e 4

AR
ELSEVIER Gynecologic Oncology 103 (2006) 11371140

www.elsevier.com/locate/ygyno

High-grade Endometrial Stromal Sarcomas

A Clinicopathologic Study of a Group of Tumors With
Heterogenous Morphologic and Genetic Features

Case Report

Transition of endometrial stromal sarcoma into high-grade sarcoma

Frederic Amant **, Heidi Woestenborghs b‘ Vanessa Vandenbroucke *, Patrick Berteloot *, o Andrew P. S('iulii.\:. MD* Pu,lrick P; Bvilro.vkc. BSe,t John K. S('{I(ltlll”(’(',\'l(‘l‘. MD,* "
Patrick Neven ® Philippe Moerman ® Ignace Vergote a William R. Sukov, MD.*7 Gary L. Keeney, MD* Jennelle C. Hodge, PhD,7 and Debra A. Bell, MD

* Division of Gynecological Oncology, Department of Obstetrics and Gynecology, UZ Gasthuisberg, Katholieke Universiteit Leuven, Herestraat 49,
3000 Leuven, Belgium
b Department of Pathology, UZ Gasthuisberg, Katholicke Universiteit Leuven, Belgium
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High grade histologic transformation may occur in ESS harboring

LGESS-associated gene fusions

J

Modern Pathology (2020) 33:1861-1870 'Sg L ISCAI
https://doi.org/10.1038/541379-020-0535-y v S N

e

Case LG HG

L = :fgi
. o A aﬁ..:;, ¥
High-grade transformation of low-grade endometrial stromal 2 e
. . AL P
sarcomas lacking YWHAE and BCOR genetic abnormalities ;‘.’;,s;;-{
P Y
[t .
Youran Zou(®' - Gulisa Turashvili** - Robert A. Soslow” - Kay J. Park® - Sabrina Croce® * W. Glenn McCluggage® - = ,‘:' i
Colin J. R. Stewart’® - Yoshinao Oda® - Esther Oliva'®'" - Robert H. Young'®'' - Arnaud Da Cruz Paula'? - 1 o L %
Kimberly Dessources'? - Charles W. Ashley'? - Martee L. Hensley'* - Stephen Yip (3'*'>'¢ - Britta Weigelt® - ?;,a“-‘; @‘
Ryma Benayed® - Cristina R. Antonescu® - Cheng-Han Lee'>'® - Sarah Chiang® L Oy 2 Pl B
(* S’-' 5 % Mﬁb«;
% ‘»‘#‘
B s

e e e
1 8 Neg Neg

Pos Pos >95%  Pos >95% Wildtype  EPCa::PHF1

2 30 Pos Pos>g95%  Pos 5% Neg Neg Wildtype  JAZF1::5UZ12

3 16 Pos Neg

4 10 Neg JAZF1::SUZ12 2

5 18 Neg Neg Neg Neg Neg JAZF1::PHF1

6 9 Pos Pos>g95%  Pos>g5%  Pos Pos JAZF1::5UZ12

7 16 Pos Pos >95%  Pos>g5%  Neg Neg Wildtype  JAZF1::SUZ12

8 30 Neg Neg Neg Neg Wildtype  JAZFi::PHF1 4
9 20 Neg Neg Neg Neg Wildtype ~ BRD8::PHF1 '52
10 30 Neg Neg Neg Wildtype  JAZF1:5UZ12 3 :
11 10 Neg Neg Wildtype  JAZF1::PHF1

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

ADDITIONAL THERAPY

(Consider observation for patients if no evidence of

disease after primary surgery)

Observe
Stage | or
Hormone therapy (category 2B)
Low-grade ESS Stage II, IIl, IVA Hormone therapy’
e + tumor-directed RT® (category 2B for RT)
Stage IVB Hormone therapy' * palliative RT® ———»>

©See Principles of Radiation Therapy (UN-A).
See Systemic Therapy for Uterine Sarcoma (UTSARC-A).

See Surveillance
(UTSARC-4)

9By-definitionESS-hasHow-grade-cytotogic-features—High-grade-subtypes-of endometriat-sarcomas-{undifferentiated-endometriat-sarcomas-in-WHo-ctassification)-are-

stittbeing-defined
9See Uterine Sarcoma Classification (UTSARC-B).

Version 1.2016 © National Comprehensive Cancer Network, Inc. 2015, All rights reserved. The NCCN Guidelir and this i lion may not be in any
form without the express written permission of NCCN®.

UTSARC-2

Private Information

Endocrine resistance in
LGESS and breast cancer

ARTICLE | Stk tr o
ESR1 hotspot mutations in endometrial stromal sarcoma with
high-grade transformation and endocrine treatment

Kimberly Dessources’, Kathryn M. Miller’, Elizabeth Kertowidiojo®, Arnaud Da Cnz Paula’, Youran Zou (37, Pier Selenica’,

Edaise M. da Silva(®", Ryma Benayed”, Chares W Ashley’, Nadeem R Abu-Rustum’, Snjezana Dogan (37, Robert A. Soslow (07,
Martee L. Hersley”, Britta Weigelt (5™ and Sarah Chiang™*®

Primary untreated ‘Rare ESR'
T [ ER' breast cancer J

Tamoxifen Aromatase inhibitor

Freatmont e
[ ER breast cancer ]

MATURE CENETICE [ VOULWE 45 | USSR 17 T OPCMare 2311

The search for ESR 1 mutations in breast cancer

St Oesterreich & Nancy E Davidson

$ Memorial Sloan Kettering
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ESR1 mutations are associated with high grade transformation and

endocrine treatment

A 2006 2012 2015
Primary Recurrence 1 Recurrence 2
Sample ID Case 1-Prim Case 1-Recur1 Case 1-Recur2
—_—
Histology LGESS Megestrol HGESS Anastrozole HGESS Letrozole
ER Strong, >90% Moderate, >90% Strong, >90%
PR Strong, >90% Moderate, >90% Moderate, >90%
Surgery Residual miliary Residual disease Residual disease
disease >1cm >1cm
Note: insufficient tissue
for sequencing
B

Case 1-Recur1 Case 1 Recur2 Case 1-Recur3

Case 1-Pr|m

‘~ - i . ) és-?ﬁ‘ A7 A\y ’\A'V tp.d "“«‘.‘ .‘( ; .‘;;‘ 3 :':,.. :; < 'i‘\‘:':::: r“- {
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2017
Recurrence 3
Case 1-Recur3
HGESS
Weak, >90%
Strong, >90%

Residual disease
<0.5cm

2021

No evidence
——>» of disease
Fulvestrant (Imaging)

Case 1
Recur2
Case 1
Recur3

Prim
Case 1

ER/ PR status
M Positive (Allred Score
Negative

v EEIE
o v |

warow [

Mutation type

@ Fusion

B Frame-shift indel
B Hotspot mutation
M Missense SNV

ESR1p.Y537S

STK40 p.R128W

Cancer Cell Fraction
J CCF = 0%

[ 0% < CCF = 5%
[ 5% < CCF 20%
B 20% < CCF = 40%
B 40% < CCF <60%

ESR1p.Y537S 100%

STK40 p.R128W | s
[ Clonal Mutation
Memorial Sloan Kettering
./ Cancer Center



ESR1 mutations are associated with high grade transformation and

endocrine treatment

A 2013 2016 2017 2019
Primary Recurrence 1 Recurrence 2
Sample ID Case 2-Prim Case 2-Recur1 Case 2-Recur2 ;
—  — ——> Death from disease
Histology LGESS Letrozole LGESS Observation HGESS Doxorubicin
ER Strong, >90% Letrozole + Weak, 10% Strong, >90% Fulvelstrant
PR Strong, >90% Megestrol Strong, >90% Strong, >90% PR 3 months, duration PR 9 months
T T o POD 12 months
Surgery Residual disease Gemcitabine/ Residual disease Residual disease pnastrazole
<0.5cm docetaxol iz <0.5cm POD 3 months

Case 2-Recur2

: Case 2-Prim ase 2-Recur1 . HGESS LKGESSw
T o ot U N0 TR e B e AT
AR BT ’wflff;»,:’ ; ST 3@%& 5
SRy St es ' il SRS
LS e

%
:
,’ e,
+

ase 2

rim

Case 2
Recur1
Case 2
Recur2

S g
P 0-?') BN
N A % :
LD ﬁ"’*ﬁfwﬁ SE
ot ANt ER! PR status
*@ﬁf&ﬁ ERIHC = Positive (Allred Score)

RS

T Negative
g 50 e S da
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2002: Is uterine “PEComa” a single entity?

The American Journal of Sergical Pathclagy 2670 113, 2002 © 2007 Lipgincost William

Perivascular Epithelioid Cell Tumor (‘PEComa’) of
the Uterus

A Subset of HMB-45-Positive Epithelioid Mesenchymal
Neoplasms With an Uncertain Relationship to Pure Smooth
Muscle Tumors

Russell Vang, m.p., and Richard L. Kempson, m.p.

» ; e et ‘ ’ ! AT
4 - v - > . :
. . . B
) A B
o G oo =
i Bl d DT 3.

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

and harbor TSC2 mutations and JAZF1::SUZ12 fusion

XUscAp e mesrscomimcpat
ARTICLE [0 Gomet o upses |

TSC2-mutant uterine sarcomas with JAZF1-5UZ12 fusions
demonstrate hybrid features of endometrial stromal sarcoma
and PEComa and are responsive to mTOR inhibition

Sarah Chiang "™, Varshini Vasudevaraja®, lonathan Semanc?, Colin J. Rt Stewart®, Esther Oliva®, Amir Momeni-Boroujeni (3,
Achim A. Jungbluth’, Amaud Da Cruz Paula®, Edaise M. da Silva (D', Britta Weigdt(', Kay J. Park((’, Robert A. Soslow (™%,
Rajmohan Murdi(®', Lora H. Ellenson (D), Ryma Benayed', Marc Ladanyi', Nadeem R Abu-Rusturn™’, Mark A Dklsnn";
Seth Cohen', Carol Aghajanian®'®, Martee L. Hensley™ ™, Cheng-Han Lee(®"", Matija Snuded” and Jason A Konner™'®
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Uterine sarcomas may show ESS and “PEComa” histologic features

and harbor TSC2 mutations and JAZF1:

:SUZ12 fusion

P2

P3

Py

P5

Private Information

e

_ CD10-IHC
[ N ER-1HC

RN Fr-iHC
] Desmin-IHC
[ RN

- [N HvB4s-IHC
A103-IHC
CathepsinK-IHC
BCOR-HC

CyclinD1-IHC
PhosphoS6-IHC

IHC Combined score

21
B >2and <3
| ¥
M >1and <2
"] Not assessed

LGESS Epithelioid and spindled JAZF1::5UZ12 TSC2Y429%
TSC2 LagysP
61 LGESS Spindled JAZF1::5UZ12 TSC2 787*
TSC2 H1019Qfs*135
55 LGESS Epithelioid and spindled JAZF1::SUZ12 TSC2 Co46%
TSC2W1194*
50 HGESS Epithelioid Negative TSC2W358*
TSC2 S1482fs
65 PEComa Epithelioid JAZF1::SUZ12 TSC2 exon 11 splicing variant
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TSC2-mutant uterine sarcomas cluster with LGESS by methylation

and respond to mTOR inhibition

l_r‘ﬂmﬁ‘ﬂ'ﬁrﬁﬁlrﬁwﬁﬁ'mw—m\

Group

Fusion_Status
PI3K-Akt signaling pathway ‘
Calcium signaling pathway .
Focal adhesion .
p.adjust
Rap1 signaling pathway [ ) 5.0e-06
1.0e-05
Mathylation_Beta Group
1.5e-05
[ i W LGESS
06 B HGESS cGMP-PKG signaling pathway
04 M TSC2 mutant ® 2.0e-05
o2 Fusion_Status
= JAZF1-SUZ12
ZC3HTB-BCOR -
YWHAE_NUTM2 Axon guidance ] Count
[ JAZF1-PHF1 @
Unknown
B Negative @
Oxytocin signaling pathway . 125
@ =
Vascular smooth muscle contraction
ECM-receptor interaction
and
0.02 0.03 0.04 0.05 0.06
GeneRatio

Baseline 40d post mTORI

o At

;

$ Memorial Sloan Kettering
./ Cancer Center

Private Information



2011: Unusual cervical sarcomas are described as endocervical

fibroblastic malignant peripheral nerve sheath tumor (“MPNST”)

ORIGINAL ARTICLE

Endocervical Fibroblastic Malignant Peripheral Nerve
Sheath Tumor (Neurofibrosarcoma): Report of a Novel
Entity Possibly Related to Endocervical CD34 Fibrocytes

Anne M. Mills, MD, Jason R. Karamchandani, MD, Hannes Vogel, MD,
and Teri A. Longacre, MD

32 60 25

Cervix Cervix Cervix
CD34 + + +
+ + +

SOX10 - - -

Keratin
ER/PR [ - -

No endoneural or neural differentiation
by electron microscopy
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Cervical “MPNST?” likely represents fibrosarcoma-like uterine

sarcoma underpinned by NTRK fusions

ORIGINAL ARTICLE

NTRK Fusions Define a Novel Uterine Sarcoma Subtype
With Features of Fibrosarcoma

Sarah Chiang MD.* Paolo Cotzia. MD,* David M. Hyman, MD,7 Alexander Drilon, MD,}
William D. Tap. MD.§ Lei Zhang MD.* Jaclyn F. Hechtman, MD.* Denise Frosina, BS*
Achim A. Jungbluth. MD, PhD,* Rajmohan Murali MBBS MD, FRCPA* Kay J. Park, MD.*
Robert A. Soslow, MD,* Esther Oliva, MD,||Y A. John lafrate. MD, PhD.|| Ryma Benayed, PhD,*
Mare Ladanyi MD* and Cristina R. Antonescu, MD*

Median age
32y

FIGO stage
IA: 7 (50%)
IB: 6 (43%)
I1B: 1 (7%)

Cervix origin

93%

S XUscap
L ®
=

Uterine and vaginal sarcomas resembling fibrosarcoma:

a dinicopathological and molecular analysis of 13 cases showing
common NTRK-rearrangements and the description of a COL1A1-
PDGFB fusion novel to uterine neoplasms

Sabrina Croce'” - Isabelle Hostein' - Teri A. Longacre® - Anne M. Mills (3% - Gaélle Pérot’ -

Mojgan Devouassoux-Shisheboran® - Valérie Velasco' - Anne Floquet® - Frédéric Guyon” - Camille Chakiba® -
Denis Quedeu’ - Emmanuel Khalifa' - Laetitia Mayeur' - Flora Rebier’ - Sophie Leguelle - lsabelle Soubeyran’ -
W. Glenn McCluggage®
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NTRK fusion fibrosarcoma shows no line of differentiation but may

have variable CD34 and S100 expression

Antibody Staining pattern S_iqoi e #

o2 . A " ¢ ",',
by e CD34 and
o 8 Y ‘e il
+ (focal) AR L A, S100 caveats

.« . e Notalways
reproducible

n
<
>

N
O
W
-

+

e

e Not specific
S100

SOX10
H3K27me3

+ (varied extent)

=+
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NTRK fusion fibrosarcoma may respond to Trk inhibition

The NEW ENGLAND JOURNAL of MEDICINE

Uterine sarcoma fusions: I |
O NTRK1: TPM3, LMNA, TPR s of Larorsectinih i TRE Fuc
1cacy or Larofrectinib in usion—
NTRK3: RBPMS, EML4 SPECCIL Positivz Cancers in Adults and Children

A. Drilon, TW. Laetsch, S. Kummar, $.G. DuBois, U.N. Lassen, G.D. Demetri,
M. Nathenson, R.C. Doebele, A.F. Farago, A.S. Pappo, B. Turpin, A. Dowlati,
M.S. Brose, L. Mascarenhas, N. Federman, . Berlin, W.S. El-Deiry, C. Baik,

J. Deeken, V. Boni, R. Nagasubramanian, M. Taylor, E.R. Rudzinski
F. Meric-Bernstam, D.P.S. Sohal, P.C. Ma, L.E. Raez, |.F. Hechtman, R. Benayed,

""',h{ ."}'f‘*
7 8 ’ .,‘.,l,f_lq:' ‘I y % 7 ','
ﬂ A,':ﬁ,-"f?;z".'r..-:f'f.',;r/ ’ﬂ,/ //,. :

"';"-v".". "(9" bais’ K m& ,.'pj: "}, . e B Fiwking, D5, Hong, and DM, Fyman
, r. ‘
e 74 ,“’_;.‘ s’ s Yo ‘ " ’ A’f 'I/
» ‘l"r" !"_'l'{, 's:' b 'I?.'. TP { | 4 A Maximum Change in Tumor Size, According to Tumor Type
y A ’;,!}‘ ‘;’fw." .‘-")f ""'// ’,’l"' 47/ Thyroid tumor Soft-tissue sarcoma Appendix tumor W Salivary-gland tumor
w ; 2.0 W “ " o - vl 1 W Colon tumor M Lung tumor IFS M Cholangiocarcinoma
'-',' LMNA_NTRK1 fUSiOI‘I 50_93'2 B Melanoma W GIST M Breast tumor W Pancreatic tumor
o . . 0
| Cytoplasmic and perinuclear | | P
& ol B - e
& 104
R RTINS N NS MRS M T R —amTr
§ 10
2
£ 20
B -301----------SEESE- == CRE- S g Sl S e -
5“ 40
g -504
E -s0q
4K i
RBPMS-NTRK3 fu5|on 904
Cytoplasmic only <108 .
Higopathology 2020, 77, 100-11 1 DOE 1L111 0 ksl 4069
NTRK fusion cervical sarcoma: a report of three cases, ) . . . .
emphasising morphological and immunohistochemical One patient with SPECC1L-NTRK3 fusion positive uterine
distinction from other uterine sarcomas, including sarcoma s/p polypectomy, doxorubicin/ifosfamide (5 cycles)
adenosarcoma and pelvic radiation, developed pleural metastasis and had

Joseph T Rabban, ' (5 W Patrick Devine," Ankur R Sangoi.” Liina Poder,” Edwin Alvarez*  cOmMplete radiographic response to larotrectinib
Jessica L Davis,® Frin Rudzinski,® Karuna Garg' & Gregory R Bean'

"Pathology Department, University of California, San Francisco, CA, *Pathology Department, El Camino Hospital,
Mountain View, CA, *Radiology Department, University of California, San Francisco, CA, *Gynecologic Oneology
Division, University of California, San Frandsco, CA, *Pathology Department, Oregon Health & Science University,
Portland, OR, arid ®Pathology Department, Seattle Childrer's Hospital, Seattle, WA, USA
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Genotype-phenotype correlation prompts changes in WHO uterine

sarcoma classification

WHO 4t Edition
2014, P 144

BCOR | BCOR

Fibrosarcoma

WHO 5t Edition
2021, pp 289-291
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Pathologists make discoveries through observation

Private Information

e Bench to bedside

microscope
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Clinical behavior of uterine smooth muscle tumors is difficult to

predict by pathology criteria

Qriginal Article
ORIGINAL ARTICLE

Histopathology A Nomogram to Predict Postresection 5-Year

. . . . Histopathology 2018, 73, 284-29K. DOE 10,11 11/kis1 3515 1 1 3 1
Interobserver Variability in the Interpretation of Tumor O‘.’erall Survival for Patients With Uterine
Cell Necrosis in Uterine Leiomyosarcoma Predictors of adverse outcome in uterine smooth muscle Leiomyosarcoma
Diara Lim, MBBS, FRCPath, FRCPA® Teresa Afvarez, MD.# Marisa R. Nucci, MD.f tumours of uncertain malignant potential (STUMP): a Oliver Zivanovic, MD': Lindsay M. Jacks, MS Alexia lasonos, PRD Mario M. Leltao, Jr, MO Robert A. Soslow, MD*:
Blake Gilks, MD.§ Teri Longacre, MD,| Robert A. Soslow, MD.® and Esther Oliva, MD# c]jnicopathologica] ana]ysis of 22 cases with a pmposal for Emanuela Veras, MD® Dennis . Chi, MD'; Nadeem R, Abu-Rustum, MD'; Richard R, Barakat, MD'
. . g . . Murray F. Brennan, MD* and Martes L. Hensley, MD®
the inclusion of additional histological parameters
Mamia Gupla."z Anna L Laury." Marisa R Nucel* & Bradley | Quad.ezAlE Enter Your Information Clear Calculate »
"Department of Pathology, Beth Israel Deaconess Medical Center, *Harvard Medieal School, Boston, MA, *Department
of Pathology, Cedars-Sinai, Las Angeles, CA, and *Divistort of Wamen’s and Periratal Pathology, Department of Age at Diagnosis. [ @0t t00years)

Pathology. Brigham and Women's Hospital Boston, MA, USA
Tumor Size cm
removed from the uterus. in centimeters_

Tumor Grade Selest a tumor grade v
Cervical Invelvement Cenvical involvement? £
Loco-Regional Metastases Loco-regional metastases? v

Loco-regional metastases are present if, at the time
of surgery, the leiomyosarcoma was found in the
structures near the uterus, including the bladder,
nearby bowel, nearby lymph nodes, parametria,
ovaries, or fallopian tubes

Distant Metastases Distant metastases? v

Distant metastases are present if imaging studies
either before or soon after surgery showed that the
Ieiomyosarcoma had spread to distant areas such
as the lung, liver, or bone-

Mitotic Index [ | mitosesi10 npt
This is expressed as the number of mitatic figures

per 10 high-powered fields (hpf) seen under the
microscope. If the pathology report gives a range
(such as 8-20 mitoses/10 hpf) use the higher
number (20 mitoses/10 hpf). The nomogram
calculator will make a logarithmic transformeation of
the mitotic rate.

Clear Calculate »
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Genomic landscape of uterine LMS by NGS identifies novel

diagnostic markers

) ] 'llhh.ldllhﬂllﬂl¢.LIJ‘J-IdLIl.du.iliL]lﬂ.ﬂjhl‘J*Llﬂhl 0 19 Spearman Distancescale.  Mutual Eclusiity
s Ao o E—
. nfm N

iy i i
- k'm - e

1%

L
bl || r
PTEN # l * |1 [} prew
| TP53
CDKN2A | 1 T M s= I
— MED12
DAXX | 1%
| DAXX
coknze | | | | [ I |: DKNz
cic | * || | 4% I mMom
o~
o £ a g 3
MDM2 I 11 | 3% I E & & § § g 8
= Missense Mutation = Splice Site Alteration = Structural Variant
= Frame Shift Mutation = Amplification
= Nonsense Mutation ®  Deletion

» In Frame Deletion = Multiple Hits
* Altered in 160 (95.81%) of 167 samples.

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)
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Uterine LMS genomic landmarks are detectable by

Immunohistochemistry (IHC)

Mutant/ Mutant/
Wild-type Mutant/Loss Aberrant Overexpression Wild-type Mutant/Loss Aberrant Overexpression
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IHC interpretation of surrogate markers correlates with NGS profiles

and is reproducible

Case 1
Case 2
se 3
Case 4
Case 5
Case 6
Case7
Case 8
Case ®
Case 10
Case 11
Case 12
Case 13
Case 14
Case 15
Case 16
Case 17
Case 18
Case 19
Case 20
Case 21
Case 22
Case 23
Case 24
Case 25
Case 26
Case 27
Case 28

lmmumhimch;m;’;:;w -------------------------
Test cohort with MSK-IMPACT data ENENENEE BN NN .- -

a1 ¢ 1 v 1 1 1 1 r 1 ¥ 1+ 1 ¥t 1 1 1 1 f{ 1 1 | I | |
LMS (n=16), STUMP (n=6) ey 1+ r . r 1 r 1+ r°r 1+ T r° 1 1 1 1 T | I | T T |

"‘T"X---ﬂ------------------------
Ieiomyoma GED) DAXX . r r 1t 1t 1 1 1 I |
wTAP HO N s
mowz [ —
Somatic Alterations.
P53 [ I L1 1 | 1 1 | |
RB1 ---- ---------
- PTEN 1 [ 1 [
Initial IHC panel ATRX ----- [ [ [ |
DAXX | 1]
CDKN2A [ ] [ |
TP53, RB1, PTEN, ATRX za — —
CDKN2C ] |
MolecularIHC Concordance [ | 1 |

B Lms J sTumP v BMLM
Second IHC panel
l Overexpressionl Null Wild Type Expression  Disagreement
DAXX, MTAP, MDM2 0 Loss 1 Retsnaa

B o B s Excellent concordance between IHC and
o B o N genomic profiles (kappa: 0.863, X2 P:
[l Amplified Negative NIA <O-0001)

Independent IHC review by 3

athologists blinded to MSK- . . .

i e T ——— Excellent concordance in IHC interpretation
— S among pathologists (kappa: 0.97, X2 P:
[ splice-Site Alteration Loss of Heterozygosity <0.0001)

I Concordant Minor Discordance (1 marker)

$ Memorial Sloan Kettering
o,/ Cancer Center
Private Information



Molecular-based IHC is sensitive and specific in confirming LMS with

22 abnormal markers

g 8 5 8 8 3 8 8 Kk R 5 8 8 8§ ¥ ¥ 8 3 ¥ ¢ § ¢
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Validation cohort Immunohistochemistry Immunohistochemistry
. e 1 1 [ | 1 | | P53 |
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MDM2 - MDMZ
FFocal loss
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Immunchistochemistry Immunohlstochemistry
P53 P53 -
. 1 1 17 1 | | . 1 1 1 1 f{ | | 1 17 I ] |

PEN [T [ e e e
ey | 1 1 1 | | |
oaxx | [ I I I O
Second IHC panel el | T T 1 1 [ [ |

DAXX, MTAP, MDM2
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2 =T R ¥ B B
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a8 8 8 &8 &8 & 8 Tumor Type
ey | [ I I | | | B s | stuwe CelularLm [ Lm
Immunohistochemistry [ FH Deficient LM with Bizarre Nuclei [J| FH retained LM with Bizarre Nuclei
. . . Fss
Independent IHC review by 3 pathologists blinded v N N I N I B osss
to MSK-IMPACT data pen D e Immunohistochemistry
ATRX ------- l Overexpression l Null Wild Type Expression Disagreement
:‘:’: 1 I 1 1 1 | [ Loss [ Retained NIA
MDM2 . Amplified Negative

_ =1 abnormal IHC =2 abnormal IHC
True positive (%)

iti 100 92
0 8
18 0
82 100
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 2" opinion at MSK

41 year old woman with fibroid uterus — outside slides
reviewed at MSK

Outside pathology reports: Hysterectomy specimen
Myomectomy 2014
Cellular leiomyoma with bizarre nuclei and ischemic changes

Note: Diffuse atypia, Ml <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 10% rib biopsy 2020
Low-grade spindle cell neoplasm similar to uterine primary

¢ Molecular-based IHC
on hysterectomy specimen

P53 Wildtype

ATRX  Loss Diagnosis: LMS
Rb Loss

PTEN  Retained

$ Memorial Sloan Kettering
o,/ Cancer Center

Private Information



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 CD1o Negative HMB45 Positive (rare)
Outside preliminary pathology report:

Outside IHC

_ _ . ER Positive (weak) Melan A Negative
Supracervical hysterectomy and bilateral salpingo-oophorectomy
PR Positive (weak)  CyclinD1  Negative
blue cell tumor, favor ESS

B Desmin Positive OSCAR Negative
SMA Positive (weak)  AEa/AE3 Negative
Mild atypia Caldesmon  Positive Inhibin Negative
Ml 7/10 HPF Myogenin Negative FLI1 Negative

No necrosis CD34 Negative CDgg Positive

Molecular-based IHC
on hysterectomy specimen

P53 Wildtype
ATRX  Wildtype

Diagnosis:
Rb Loss

Epithelioid LMS

PTEN Retained
DAXX Loss

$ Memorial Sloan Kettering
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Molecular-based IHC can resolve diagnostic dilemmas in challenging

uterine smooth muscle tumors

CASE 3 - MSK pathology Outside IHC

consultation

51 year old woman with fibroid uterus — Cb1o osftive yegenin egative ¢ egative
outside slides reviewed at MSK ER Positive MyoDa Negative  CD34 Negative
Outside pathology reports: PR Positive S100 Negative  ERG Negative
TOta_l abdominal hvsterectpmv, .bllateral Desmin Positive SOX10 Negative  WTa Negative
salpingo-oophorectomy, sigmoidectomy,

Omentectom\ﬁ Derltonectomv 2020 SMA Positive MDM2 Negatlve E-Cadherin Negat|Ve
High grade poorly differentiated uterine Caldesmon  Positive CDKg4 Negative ~ DOG1 Negative
sarcoma, 8 cm, transmurally invasive of the Cyclin D21 Negative  AEa/AE3 Negative  cKIT Negative

uterine and colonic walls with spread to left
ovary and tube
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Molecular-based IHC can resolve diagnostic dilemmas in challenging

uterine smooth muscle tumors

2020
hysterectomy

2012
polypectomy

Molecular-based IHC
on hysterectomy specimen Diagnosis-

Polypectomy _ Hysterectomy 54550 specimens: LMS with

P Null Null . . . .
> epithelioid and myxoid features
ATRX  Loss Loss . . .
2012 specimen: Atypical spindle
Rb Retained Retained . . e .
cell neoplasm, likely incipient LMS
PTEN  Loss Loss

$ Memorial Sloan Kettering
. ) Cancer Center

Private Information



Molecular-based IHC may be implemented in surgical pathology

practice in lieu of NGS

Decision Making Algorithm for Uterine Smooth Muscle Tumors

No Abnormal
IHC Results

Uterine Smooth
Muscle Tumors
with Atypical
Features

—

1 Abnormal
IHC Result

>=2 Abnormal
IHC Results

>=2 Abnormal
IHC Results

-I- - p53 is mutually exclusive with MDM2 and MTAP; if p53 is abnormal, MDM2 and MTAP should not be orderd.
- ATRX is mutually exclusive with DAXX; if ATRX is abnormal, DAXX should not be ordered.
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In summary, pathologists make a huge impact on

patient care by observing disease frozen in time

O 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

O 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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