Molecular Pathology of Sarcomas:
Diagnostic and Therapeutic Utility
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Role of a Pathologist

A Custodians and Curators of tumor diagnostic
specimens

A Appreciation of Pathogenesis
A Determination of sub types

A Appropriate Molecular Testing for Diagnosis,
Prognosis and Therapeutics

A Critical Role irsarcoma clinicakam to
streamline therapeutic strategies




Conventional Patholog@arcomas

Sarcoma

Tumors derived from
mesenchymal lineage

Tumors resemble normal counterpg No normal counterpart
Eg., Leilomyosarcoraposarcoma Eg., Ewing Sarcoma, Synovial Sarc

Cell of OrigirgPrimitive Mesenchymal Cell?




SarcomasClinical Management

Sarcomas

Low Grade High Grade
Wide Local Excision

Wide or Radical Excisio

Behavior: Indolent to highly invasive to metastatic
Prognosis: Age, tumor size, grade, depth, histological
subtypes




Chemotherapy

Sensitive Intermediate Resistant

Gastrointestinal Stromal _ Chondrosarcoma
Tumor (GIST) Liposarcoma(other Clear Cell Sarcoma
Ewing Sarcoma t.ypes) Epithelioid Sarcoma
Rhabdomyosarcoma Myxoiibrosarcoma Rhabdoid Tumor
Synovial Sarcoma . HIFNET Alveolar Soft Part
Myxoid Liposarcoma HEIT e R Sarcoma
Malignant Fibrous
Histiocytoma

Histology driven Chemotherapymportant for targeted and non
targeted therapy




Diagnosis of Sarcomas

Traditional Pathology
Immunohistochemistry [S)lzgﬂ]%s"c’/

Prognosis
Molecular Pathology

l

Diagnosis and direct treatment
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Proteome proteins: @’
'

Metabolome metabolites:

Function



Molecular Pathology of Sarcomas

1‘/1‘
l

Diverse tumors In each class




~Molecular Pathologgbarcomas

Translocation associated Sarcomas a Sarcomas with complex karyotypes ar
relatively simple Karyotypes | no specific translocations
| Ewing Sarcoma/PNET ’ |
. Desmoplastic Small round cell tumor | Epithelioid Sarcoma
| Alveolar Rhabdomyosarcoma | :
Leiomyosarcoma

Myxoid Liposarcoma .
. Myxofibrosarcoma

Extraskeletal myxoid Chondrosarcomaj :
| Adult fibrosarcoma

|
\ |
| Clear cell sarcoma (soft tissue) § : :
) . e Liposarcomas other than myxoid
| Angiomatoid fibrous histiocytoma § :
liposarcoma
\

Congenital/infantile Fibrosarcoma :
: : w Embryonal and pleomorphic
Low grade fiboromyxoid sarcoma |}
: : | rhabdomyosarcoma
Inflammatory myofibroblastic tumor §
Osteosarcoma

Alveolar Soft Part Sarcoma
Synovial Sarcoma ‘
Epithelioid Hemangioendothelioma |

Angiosarcoma
Undifferentiated Pleomorphic sarcoma




Extraske
Chondro

Synovial

- Ewing Sarcoma/PNEHirst discovered translocation associated sarcoma t(11;22)(q14;922)>FEM/)SNew
Eng J Med, 309; 4988, 1983

Fusio

EWSR:

EWSR:
FUSDDI
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COL1A:
ETVEN
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FUSAT

FUSAT
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Translocation associated sarcomas

Tumor Type

AlveolarSoft Part Sarcoma

Alveolar Rhabdomyosarcoma
Angiomatoid Fibrouddistiocytoma

Clear Cell Sarcoma

Congenital infantile fibrosarcoma
Dermatofibrosarcoma Protuberans
Desmoplastic small round cell tumor
Endometrial Stromal sarcoma

EwingSarcoma/PNET

Extraskeletal myxoid chondrosarcoma

Inflammatory myofibroblastic tumor

Low grade Fibromyxoid sarcoma
Myxoid-Round cell Liposarcoma

Epithelioid Hemangioendothelioma

Synovial Sarcoma

Translocation

der(17)t(x;17)
1(2;13) &t(1;13)

1(2;22) , 1(12;22) &t(12;16)

1(12;22) &1(2;22)
t(12;15)

t(17;22)
t(11;22)
t(7;17),1(6;7) &t(6;10)

t(11;22), 1(21,22), 1(7;22)y(2;22),
inv(22), 1(6;21)

1(9;22), t(9;17), 1(9;15)

t(3;9), t(1;2), t(2;19), t(2;17), t(2;2),
1(2;17)

t(7;16) &t(11;16)
1(12;16)&t(12;22)

t(1;3)(p36;025)
t(X;18) &t(X;20)

Fusion gene(s)
ASPLTFE3
PAX3FOXO01 &PAXFOXO1

EWSRLREB1, EWSRITF1 &FUATF1

EWSRIATF1 &EWSRCREB1
ETVENTRK3

COL1APDGFB
EWSRWT1
JAZFISUZ12JAZFIPHF1 &EPCRHF!

EWSRFLil, EWSRERG, EWSHTV1.
EWSREI1AF. EWSRAEV. EWSRASG
&FUSERG

EWSRINR4A3, RBP5RR4A3TCF12
NR4A3, TFBIR4A3

TPM3ALK, TPMALK, CLTC
ALK,RANBRALK

FUSCREB3L2 &FUEREB3L1
FUSDDIT3 &EWBDIT3

WWTR1CAMTAL

SS18SSX1SS185SX2, SSI8SX4
&SS18LASSX1




Molecular Testing in Sarcomas
Caveats




Infidelity in Chromosomal Translocations

Translocation Gene Fusion Tumor Type Site/Organs
t(12;15) ETVENTRK3 Infantile Fibrosarcoma Soft Tissue
Mesoblastic Nephroma Kidney
Secretory carcinoma breast | Breast
Salivarygland carcinoma Salivary
mammary analog Gland
AML Blood &BM
t(X;17) ASPLTFE3 Alveolar Soft Part Sarcoma | SoftTissue
RenalCell Carcinoma Kidney
Subset of PECOMAS Soft tissue
t(1:2) TPM3ALK Inflammatory myofibroblastic | Soft tissue,
tumor (IMT) abdomen
Anaplastic Large Cell Skin, Lymph
Lymphoma (ALCL) nodes
t(12;22) EWSRATF1 Angiomatoid Fibrous Soft Tissue
t(2;22) EWSRILREB1 Histiocytoma &Clear Cell
Sarcoma




EWSR1 Is a sort after Gene for Sarcoma Transloc

Tumor Type Translocation Fusion genes

Ewing Sarcoma t(11;22)(g24;912) EWSREFLI1
1(21;22)(g22;912) EWSRERG
1(7;22)(g22;912) EWSRETV1
t(17;22)(q12;q12) EWSRE1AF
t(2;22)(g31;912) EWSREP3
t(2;22)(g33;912) EWSRFEV1
t(1;22)(p36.1;912) EWSREZNF278
1(20;22)(g13;912) EWSRINFATC2
(inv)22 EWSREZSG

Clear cell Sarcoma 1(12;22)(g13;912) EWSRATF1

Extraskeletal myxoid 1(9;22)(922;912) EWSRINR4A3
chondrosarcoma

Myxoid/round cell liposarcoma t(12;22)(q13;q12) EWSRDDIT3
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Immunohistchemical Profile of Round Cell Tumors

Tumor

Ewing/
PNET
LBL/ALL

NHL-other

Mesen.Chondro
sarcoma

Small Cell OS

Rhabdomyosarc
oma

DSCRT

Neuroblastoma

CD99

+/-

+/-

+/-

Flil

+

LCA B T TdT
+/- +/- 4+ |+
+ + + -

CK  Chr

+/- -

+/- -

+/- +

S-100

Des Myogenin

+/- +/-
+/- -
+ +
+ -

WT1

+/-

+/-

cyto)




EwingSarcoma

46,XY.4{11:22)(q24:q12)
t(11:22)(q24:q12)



Chromosomal Translocation




EWING SARCOMRPCR

+ Control
Tumor
RNA-
TYPE |
RNA-

+ Control
Tumor

+ Control

1

Ewing Sarcoma with Type |
fusion



EWS-FLI-1 Gene Fusion FUSION TYPES

o EWS FLI-1
1 25 45 5§ 7 18 lolidin ‘iz
131415 16 17 | 1.7 25

B

EWS/FLI-1 fusion gene (Type 1 -

, exons 7-6) L 1 _7

3’
T T T WK der22of
o e 1809

FLI-1 11¢24
‘ / y 2
e
77

Variant Fusions: EWSHIRG, EWSHATV1, EWSHE1AF, EWSRAEV, EWSRASG
&FUSERG




Splitting
Assay
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Normal Translocation




Ewing Sarcoma diagnhosis by
Fluorescent irsitu Hybridization

22912 Region
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MTMR3

. ~500 kb ~1100 kb - -

LS| EWSR1 Dual Color, Break Apart Rearrangement Probe




Ir/1g/1y signals seen with EWSR1 probe

split signal seen with EWS breakapart probe



Molecular Testing for Sarcomad/hat

can the Pathologist provide?
A Diagnosis
A Round Cell Neoplasms: Ewing vs DSRCT vs Small ¢

OS vs Poorly Differentiated Synovial Sarcoma vs.
Alveolar Rhabdomyosarcoma vs. Neuroblastoma

A Spindle cell neoplasmsConfirm Synovial Sarcoma

A Benign or Malignant:

A Low Grade Fibromyxoid Sarcoma vs Perineurioma v
low grade myxofibrosarcoma vs. filoromatosis
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FUS break apart Probe with FUS break apart Probe with Split Signal
Split Signal




Outcome of Chromosomal
rearrangements

Promoter A Coding Sequence A

~1

Promoter A Coding Sequence B

|

Promoter B Coding Sequence B

Deregulated Gene

Promoter A Coding Sequence A

l Coding Coding

Promoter A sequence A Sequence B

L[
|

Promoter B Coding Sequence B

Fusion Gene




Can Fusion genes be Targeted?

Deregulated GendH

Promoter A Coding Sequence A

0

Promoter A Coding Sequence B

)
|

Promoter B Coding Sequence B

Fusion GendéH

Promoter A Coding Sequence A

l Coding Coding

Promoter A sequence A Sequence B
Promoter B Coding Sequence B




Targeted TherapgTranslocation
assoclated sarcomas

Tumor Type Fusion geneTarget

A Dermatofibrosarcoma A COL1APDGFR Imatinib
Protuberans (DFSP)

A Inflammatory A Multiple PartnersALK
Myofibroblastic Tumor Crizotinib
(IMT)

A Diffuse type Tenosynovial R COLBAZSELImatinib
Giant Cell TumoiRVNS)




Targeted TherapgTranslocation
assoclated sarcoma

-®— Fusion Gene

Promoter A Coding Sequence A

l Coding Coding

Promoter A sequence A Sequence B

Alveolar Soft Part SarcomaSPI FE3 -
Clear Cell SarcomBWSR-ATF1 or CREB I

Few down stream Targets

Promoter B Coding Sequence B

Synovial Sarcome5S185SX1 or SSX




Molecular Sarcomas with Driver
Mutations







Gastrointestinal Stromal Tumor (GIST

A The most common sarcoma of Gl tract

A Most Common Location: Stomach, Small Bowel

A Also abdomen, mesentery and exti@| GIST

A Annual Incidence4000:5000 cases in United
States
Cell of OriginL Y U SNEUGAGALFE /[ ST
LJ- OSYIF 1 SNJ OSftf acvo
Mutations in Ckit gene, less commonly PDGFR
Alpha and rare BRAF mutation (7% of GIST pts)

Leading model for kinas¢éargeted therapy













Gkit/CD-117

A CD117/GKit is a class Il receptor tyrosine
Kinase

A Location: chromosome 4123 close to
PDGFRA and FLK1 receptor tyrosine kinases

A Role: normal development and function of ICC,
nematopoiesis, gametogenesis and
melanogenesis

Activating kit mutations : GIST, seminomas,

AML, melanomas, mastocytosis and some
thymomas




Membrane Receptor Kinases
0
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GKit Signaling Pathway

ubiquitination
; ; ;
survival, proliferation survival, proliferation

Cell Signal. 2009 Dec;21(12):1717-26. Epub 2009 Jun 18.



Exon 9: 18.1%

IIIINNNNININNNNNNINNNNLGD)

—_—

Exon 11;: 66.9% —

Exon 13: 1.6%
Exon 14:

Exon 17: 1.6%

—_—

—_

Kit and PDGFRA mutations in GIST

Juxtamembrane Domain

333y 3y I I I NNy Membrane

«— Exon 12: 0.8%

«— Exon 14: 0.3%
Cytoplasm

«— Exon 18: 3.9%

(adapted from Heinrich et al ASCC




Diagnosis of GIST

A Strong Gkit immunoreactivity

A Activating mutations exons 9 and 1:180%
A Rare mutationsc exons 13 and 17

A PDGFRA (exons 12,14,18)-15%

A No mutation ~ 10%

A GKit IHC negative GIST (4%$ually PDGFRA
mut

. GIST with no known mutations
- Pediatric GISE multifocal gastric indolent
. GIST associated with Neurofibromatosis




Types of Kit Mutations
Al 2YY2yY { A0S Aa&a€pgKaLRY
A Point Mutations
A In-frame deletions
A Deletions Do worse
A Substitutions
AlLess commonsite QSY R 2F SE?2
Internal tandem duplications (ITD) - Indolent

Exon 9 at EC domaiansertion of two AA,
AY5023- small bowel More Aggressive




PDGFRA mutations

A Onethird of GISTS lacking in Kit mutations
A Exons 12, 14 or 18

A Gastric Location, epithelioid morphology

A Variable IHC expression forki

A Indolent behavior

- Hot spot second kinase domain (exon 18
D842V) Insensitive to Imatinib therapy




GISHindications for mutation Testing

A NCCN Task Force Repe010

A High-Risk GISTg(>5 cm and >5 mitoses/50 high
power fields)

A Metastatic GISTs

A GISTs which are negative fork@ by
Immunohistochemistry

A GISTs with epithelioid morphology
A Small bowel GISTs
A GISTs resistant to imatinib




GISTTUMORTISSUE

Fragment AnalysisGkit -Capillary

Electrophoresis

Exon 11 Sequence Analysigasi XOZ\I e‘?uence

Exon 13 Sequence Analysis




Molecular Testing for Second Site
Mutation

Imatinib resistant GIST

GKit Exon 13,14 Sequence GKit Exon 17 Sequence
AEWSTS Analysis




Exon 9 Sequencing

Exon 9 Fragment Analysis

CGCCTATTTT
2+l 2}?

CTTTIGEC
2%3

TTT
2%9

AT

GCCHATHHHH AHTTTHHHTTTHHHHHHA
Ell 21? 223 229

2 ) 280

i

¢.1509ins6, (GCCTAT)




Kit mutation exon 17ReS|stance I\/Iutatlon

T C T T = T = A ¢ T ¢ T & & C T
EF E} 65 69 ?I

Wl q I

T C T T G T ¢ T Cc T C T & & C T |
55 EE s

|




GIST Targeted Therapy

A Imatinib mesylate (STI571, Gleevec) is a selective
tyrosine kinase inhibitor

A Targets Kit and PDGFRA

A Partial response or stable disease in 80% of patients
with metastatic GIST

A Pathological response is necrosis and fibrosis and is
neterogeneous

A Half of the patients will develop drug resistance
A Usually due to second site kit mutation

A Half of the resistant cases, no secondary mutations
are identified




Sarcomas with Specific Amplification
Retroperitoneal Liposarcoma




Sarcomas with Specific Amplificatiens
Well-Differentiated and Dedifferentiated
Liposarcoma




Retroperitoneal Liposarcor&@/DLS

iR "4 Iy
20

21 22

1291315 amplicons (MDM2,HMGAZ2
C OO © <+—rings  and CDK4 genes)

A A A




Retroperitoneal liposarcomdedifferentiated

22
dic 22;22 der(X)

dn  dm dm ring2  ring 3 1291315 amplicons (MDM2,HMGAZ
} s Q Q and CDK4 genes)

A






Retroperitoneal Liposarcoma

— e ——
DNA damage, mitogenic stimulation,
oxidative stress etc.,

Cell Invasion Angiogenesis Inhibition

\ gy
,\ ST / _P16 ink4a
Cytoplasmic Sequestration
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Cytoplasm



Retroperitoneal Liposarcoma

Poor response to Radiation and chemothera
)

Nutlin-Competitive Inhibitor CDK4 InhibitePhase 1 anc
of MDM2-p53 interaction Phase Il

Aurora Kinase inhibitors



Subtype Specific genomic Alteration

Tumor Type Gene Mutation
A Pleomoprhic A TP53 (17%) and NF1
Liposarcoma (8%)

A Myxofibrosarcoma A NF1 (10.5%)

A Myxoid /round cell A PIK3CA (18%)
Liposarcoma

Barretina J et al., Sttigpe specific genomic alterations define new targets for-$isue
sarcoma therapy. Nature Genetics 2010; 42(8):-725.




Amplification Assocliated Sarcoma

A Angiosarcoma

A Biologically heterogeneow&natomical Site
based

A Multifocal, local recurrence and early
hematogeneous spread

A 30% 5 year survival

A 40% of radiation induced sarcomas are
angiosarcoma developing after RT therapy for
breast cancer







