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Diagnostic challenges in sarcoma pathology

+ The rareness of sarcoma

* The [{ growing) number of soft tissue and bone tumor entities as well as
the dynamically changing nomenclats of soft tissue and bone tumors

+ The considerable morphological hnlnroganeo}g within a soft tissue and bone sarcoma and
b%rween different soft tissue and bone sarcomas: subtle histologic differences can make a big
difference in soft tissue and bone tumor diagnostics!

+ The morphologic overlap betwaeen benign and malignant soft tissue and bone tumors;
s

sarcomas can mimick mofe common benign and maignant non-mesenchymal tumor:

* The trend of limited biopsy material available for pathologic examination and diagnosis of soft
‘tissue and bone lumors

+ Limitations of diagnosing and grading sarcomas on core needle biopsies

Soft Tissue and Bone
Tumours

The 2020 WHO Classification
What's New in Soft Tissue Tumor Pathology?
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TABLE 1. 2020 WHO Classification: New Soft Tissue

Tumor Types
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What should the clinician tell to the pathologist when a

sarcoma is considered?

* Age
* Size

* Depth (above/under the fascia)

* Localisation

* Relevant imaging/clinical data

* Medical history (irradiation, previous tumor, recurrence,....)
* If possible deliver fresh tissue

What should the pathologist tell to the clinician when it

concerns a sarcoma?

*+ Benign vs malignant
* Histologic (sub)type

* Grade if applicable (FNCLCC grading)

* Dimensions

* Resection status, extent and section margins (R0O/R1/R2)

* Molecular data
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Immunchistochemistry

Molecular Pathology (NGS)00

=>correct histopathological diagnosis of the (sub)type
sarcoma is crucial for optimal therapy and
prognostication

=>no ‘precision medicine’ without a correct
histopathological diagnosis!!!

CLASSIFICATION OF SOFT TISSUE TUMORS
according to biological behaviour
* BENIGN

* INTERMEDIATE (LOCAL AGGRESSIVE)
* INTERMEDIATE (RARE METASTATIC POTENTIAL)

* MALIGNANT->SARCOMA
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Benign biological behaviour

* Very low risk of local recurrence

* EXTREMELY RARE metastasis (<<1/50000 of cases), not to predict on
the basis of conventional morphology

e.g. cutaneous benign fibrous histiocytoma

ORKGINAL ARTICLE

Metastasizing “Benign™ Cutaneous Fibrous Histiocytoma
A Clinicopathologic Analysis of 16 Cases

leona A Davie MD and Christopher D M. Fletcier. MP. FRCPath

Intermediate (locally aggressive) biological
behaviour

* Risk of local destructive recurrence

* No significant potential for metastasis

e.g. desmoid type fibromatosis




Intermediate (rare metastatic) biological
behaviour

* Risk of local destructive recurrence

* Risk of metastasis (<2% of cases), not to predict on the basis of
conventional morphology

e.g. angiomatoid fibrous histiocytoma

plexiform fibrohistiocytic tumor
giant cell tumor of bone

Malignant biological behaviour (sarcomas)

* Significant risk of local destructive recurrence

* Significant risk of metastasis

* Grading of sarcomas: FNCLCC of NCI grading systems (see later)
2-10% grade |

10-30% grade Il
30-100% grade Il

‘Diagnostic tools” in sarcoma pathology
* Conventional morphology (Hematoxylin&Eosin, ‘HE’ staining)
* Immunohistochemistry

* Molecular techniques
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Histological grading

* Must be clearly distinguished from staging and nomograms

* Histological grade is based on the histological (intrinsic) qualities of the
primary tumor and is expected to predict tumor aggressiveness

* Toobtain the most efficient system, histological parameters should be
clearly defined and selected by multivariate analysis so that only the
necessary ising all ic histological inf
are used

According to the studies followed this approach, the best parameters are
tumor histotype and subtype and/or differentiation, tumor necrosis, mitotic
activity and (as stated in few) vascular invasion

* The two systems most commonly used are the Naticnal Cancer Institute
(NCi) grading* and the French Fédération Nationale des Centre de Lutte
contre le Cancer (FNCLCC) grading**
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Grading boring but rewarding: value of
grading

* Histological grade is the most important prognostic factor for adult soft tissue
sarcoma

* As the best predictor of metastasis development and tumor mortality, histological
grade is a key parameter of the currently used TNM clinicopathological staging
system

* Since grading permits prediction of metastasis, and because the response rate to
chemotherapy is better in patients with high grade sarcoma, the grading system
can be used to select patients for adjuvant chematherapy
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Limitations of histological grading systems

* Histologic [subltyping is 3 prerequisite to grading. Grading does not replace
histotyping

* Nevergrade a treated tumor
* Moderate reproducibility
* Noteverytumoaris graded according to FNCLCC!

* Grading s less i ive than icaltype in dediff nd round cell
liposarcomas, alveclar soft part sarcoma, clear cell sarcoma, epithelioid sarcama,
low-grade id sarcoma and primiti tumor (PNET)

* The currentuniversaluse of core needle biopsies: the smaller the biopsy, the maore
problematic the (subjtyping and grading can be (‘sample error’, problem of
heterogeneity in soft tissue tumors and sarcomas!!)

Grading should not be used on tumars of ‘intermediate malignancy such as
atypical i d i

= Lessinformative for intermediate (grade 2) sarcoma (which represents about 40%
of cases!)

Immunohistochemistry (IHC)

* IHC plays a central role in the diagnosis of soft tissue and bone tumors

* ‘traditional’ and widely available IHC are used to identify specific proteins in
tumor cells indicating a specific line of differentiation, e.g. desmin and MyoD1
expression in tumors with skeletal muscle differentiation

* However, new molecular techniques enabled detection of novel highly specific
markers for identifying several specific types of soft tissue and bone tumors,
e.g. MUC 4 for low grade fibromyxoid sarcoma or STATG for solitary fibrous tumor

* Other IHC stains are used to screen for treatment targets, e.g. PD-L1 and panTRK

* The availability of a broad spectrum of IHC stains, the careful interpretation of
these stains and the awareness of overlapping IHC in different soft tissue and
bone tumors is essential in soft tissue and bone tumor diagnostics!

Immunohistochemistry
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“soft tissue tumor practical triage panel”

* CD34

* Desmin

* SMA

+ 5100

* EMA

* CKBs

—>differential diagnosis of fibroblastic, myoid, nerve sheath, vascular
and perineurial cell tumors, synovial and epithelioid sarcoma

—>exclude ‘non sarcomas’ with a sarcomatoid morphology

Other useful markers (1)

* CD117(C-KIT) and DOG1 (gastrointestinal stromal tumors) (abdominal tumors)

* MDM2, CDK4 (well-differentiated and dedifferentiated liposarcoma) (abdominal
and retroperitoneal tumors)

+ Caldesmon (leiomyosarcoma)
* Myogenin (MYF4) (rhabdomyosarcoma)

* Microphalmia Transcription Factor (MITF) (desmoplastic and spindle cell
melanoma)

+ S0X10 (melanoma)

+ ERG (angiosarcoma)

* Beta-catenin (desmoid fibromatosis)
* HHV-8 (Kaposi sarcoma)

= SATB2 (osteosarcoma)

Other useful markers (2)

* ¢MYC (radiation (angio)sarcoma)

* MUCA4 (low-grade fibromyxoid sarcoma)

TLE1 (synovial sarcoma)

* NKX2.2 (Ewing sarcoma)

STATS (solitary fibrous tumor)

H3.3G34W (giant cell tumor of bone)
H3K27me3 (sporadic and radiation induced malignant peripheral nerve sheath tumor)
BCOR (BCOR Ewing-like sarcoma)

DUX4 (DUX4 Ewing-like sarcoma)

Brachyury [chordoma)

CAMTAL (epithelioid her ioendotheli )
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5100 expression in ancient schwannoma

MUC4 expression in low-grade fibromyxoid sarcoma

MDM2 and COK4 ion ir i i i

15-12-2020

10



Molecular profiling of sarcomas
* For diagnosis and classification
+ For prognosis

* For treatment

Molecular (diagnostic/prognostic)classification of
sarcomas

* Sarcomas can be classified in 4 large ‘genetic’ groups

1/sarcomas with specific translocation

(e:g. Ewing sarcoma, synovial sarcoma; myxoid liposarcoma; clear el sarcoma; dermatofibrosarcoma protuberans;..)

2/sarcomas with specific mutations

(e gastrointestinal stroma cell tumars-GISTs; desmoid : spindle cel ; fibrous,
dysplatia; giant cell tumor of bone:._)

3/sarcomas with amplifications/deletions

(e.g. well-differentiated tiated lipasarcoma; phic lipomatous
twmor;

4/sarcomas with complex genomic profile (>50% of all soft tissue sarcomas!]

leg ¥ Pl Pl : ]

Tools available for molecular profiling of
sarcomas in clinical diagnostics

* Conventional cytogenetic karyotyping

* Fluorescence in situ hybridization (FISH) and reverse transcription
polymerase chain reaction (RT)-PCR

* Array comparative genomic hybridization (aCGH)

* Next generation sequencing (NGS)

15-12-2020
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Conventional cytogenetic karyotyping

* A useful screening tool to detect gross chromosomal alterations

= However, it has limitations such as the need for fresh tissue which is
not always available

* In addition, it is time consuming and requires expertise in primary
cell culture

* It can also be difficult to detect small genetic alterations using this
method

15-12-2020

DNA Next Generation Sequencing

* The advent of clinical Next Generation Sequencing (NGS) allows for
broad characterization of the genome

= Analysis can be performed on the entire genome (all DNA), complete
exome (genes expressed in the genome), or targeted genes and
regions

* The latter is most widely used in clinical testing (commercial NGS
gene oncopanels), but many such panels are not optimized for
sarcomas (cannot be used to detect deletions/amplifications and
fusion transcripts produced by gene fusion!)

12
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Array comparative genomic hybridization
(aCGH)

* aCGH is cytogenetic technique to analyze copy number variations
(CNVs) in the cancer genome at high resolution, it is possible to map
the changes directly onto the genomic sequence

* This method can identify recurrent chromosomal changes such as
microdeletions and duplications in neoplastic lesions

* An important limitation of aCGH is the inability to detect alterations
that do not result in copy number changes, such as balanced
translocations common in many sarcoma types

15-12-2020
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(RT)-PCR and FISH

* They are commonly employed to detect specific genetic alterations
including gene rearrangements, fusions, deletions and amplifications

* They are relatively widely available and can be done on formalin-fixed
paraffin-embedded (FFPE) tissue

* However, these tests cannot be used to screen for unknown genetic
abnormalities and they are limited by the available probe and primer sets
which are targeted to known events

* You must know precisely what you are looking for to order the proper
test and some rare fusion variants (different genes involved in fusions in
the same neoplasm such as EWSR1-FLI1 and EWSR1-ERG in Ewing sarcoma)
may not be detected or even have test available for them

“basic” (“clinical”) molecular soft tissue FISH
platform

- FKHR gene rearrangement
(alveolar rhabdomyosarcoma)

- cMYC gene amplification
(radiation angiosarcoma)

- EWSR1 gene rearrangement
(Ewing sarcoma, clear cell sarcoma, myoepithelioma/myoepithelial carcinoma of
soft tissue, extraskeletal myxoid chondrosarcoma, desmoplastic round cell
tumor,.......)

- EUS gene rearrangement
(low-grade fibromyxoid sarcoma, myxoid/round cell liposarcoma)

- DDIT3 (CHOP) gene rearrangement

(myxoid/round cell liposarcoma)

“basic” (“clinical”) molecular soft tissue FISH
platform

- SYT gene rearrangement

(synovial sarcoma)

-MDM2/CDK4_gene amplification

(well and dedifferentiated liposarcoma, some osteosarcoma subtypes)
-ALK gene rearrangement

(inflammatory myofibroblastic tumor, epithelioid fibrous histiocytoma)
(dermatofibrosarcoma protuberans)
-RB1 deletion

(spindle/pleomorphic lipoma, “atypical spindle cell/pleomorphic lipomatous
tumor’, mammary type myoflbmb!astuma, cellular angiofibroma)

15-12-2020
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MDM?Z2 in situ hybridization
(fluorescent: FISH)
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SYT gene rearrangement in synovial sarcoma

Limitations of FISH and role of RNA sequencing
testing for gene fusion testing in sarcoma
diagnostics

= Many newly described tumor entities, Sth edition WHO

o Eu NTRE 4o
Fossresm

* Newly described tumor entities with EWSRI rearrangements: importance of information abaut
the EWSRI fusion partner!

(Ewsar s Ve round cell sarcomat with EWSAL-NFAT:2/PATZI fusiss, )

3 portve s

* Known tumor entities where it becomes more and more prognostically and therapeutically
important to know the entire gene fusion product

(&g PAX3-FOXO1 vs PAX7-FOXO1 in alveolar rhabdomyosarcoma)

* To further characterize ‘undifferentiated’ spindle and round cell sarcomas, research setting

15-12-2020
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RNA NGS sequencing

NGS-based sequencing can also be applied to RNA and is commonly referred to as
RNA sequencing (RNA seq).

-the entire transcriptome (all RNA expression) can be sequenced and correlated to
provide gene expression data

-RNA seq can also been used to detect point mutations (but this is not nearly as
widely used as direct DNA sequencing)

-Most importantly for sarcoma, RNA seq can detect fusion transcripts produced by
gene fusion

=>TruSight RNA Pan-Cancer: 1385 cancer genes, research setting

->Archer fusion plex platform: clinical practice

ARGHER

FUSIONPlex
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Conclusion

* Important role of the pathologist in diagnosis, prognostication and
therapy of soft tissue and bone tumors

* Soft tissue and bone tumor diagnostics=challenge for the pathologist,
importance of centralisation of this pathology

* Special techniques (immunohistochemistry and molecular pathology)
are essential for (sub)typing of sarcomas

* Value and limitations of grading in sarcomas
* Role of molecular profiling in sarcomas

15-12-2020
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