27.04.2018

Molecular features
of Thymoma

SUNIL BADVE
INDIANA UNIVERSITY
USA

Issues

Rare tumors

No standard format of treatment

Poor followup data

Histology
o Lymphocytes




27.04.2018

Comprehensive Genomic Analysis Reveals Clinically
Relevant Molecular Distinctions between Thymic
Carcinomas and Thymomas
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Abstract Purpose: Thymomas and thymic carcinemas are rare intrathoracic malignancies that
can be invasive and refractory to conventional treatment. Because these tumors both
originate from the thymus, they are often grouped together clinically. However, wheth-
er the underlying biology of these tumors warrants such clustering is unclear, and the
optimum treatment of either entity is unknown.

Experimental Design: All thymic tumors were profiled for mutations in genes encoding
components of the EGFR and KIT signaling pathways, assessed for EGFR and KIT ex-
pression by immunohistochemistry, and analyzed by array-based comparative ge-
nomic hybridization. Previously untreated tumors were subjected to global gene
expression arrays.

Results: We analyzed 45 thymic tumors [thymoma, n= 38 (type A, n=8; type B2, n=22;
type B3, n = 8); thymic carcinoma, n = 7]. One thymoma and one thymic carcinoma
harbored KRAS mutations (G12A and G12V, respectively), and one thymoma had a
G13V HRAS mutation. Three tumors displayed strong KIT staining. Two thymic carci-
nomas harbored somatic KIT mutations (V560del and HB97Y). In cell viability assays,
the V560del mutant was associated with similar sensitivities to imatinib and sunitinib,
whereas the H697Y mutant displayed greater sensitivity to sunitinib. Genomic profiling
revealed distinct differences between type A to B2 thymomas versus type B3 and thy-
mic carcinomas. Moreover, array-based comparative genomic hybridization could
readily distinguish squamous cell carcinomas of the thymus versus the lung, which
can often present a diagnostic challenge.

Conclusions: Comprehensive genomic analysis suggests that thymic carcinomas
are molecularly distinct from thymomas. These data have clinical, pathologic, and
therapeutic implications for the treatment of thymic malignancies. (Clin Cancer Res
2009;15(22):6790-9)
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Fig. 4. Genomic profiles of 45 thymic
tumors. A, unsupervised clustering
analysis. Red, gains; green, losses (by
genomic position along the 22
chromosomes). B, genomic profiles and
recurrent copy number alterations in
type A and B thymomas and in thymic
carcinomas. Red, gains; blue, losses.
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Abstract

Histologic classification of thymomas has significant limitations with respect to both subtype definitions and consistency. In
order to better understand the biology of the disease processes, we performed whole genome gene expression analysis.
RNA was extracted from fresh frozen tumors from 34 patients with thymomas and followup data was available. Using the
lllumina BeadStudio™ platform and Human Ref-8 Beadchip, gene expression data was analyzed with Partek Genomics
Suite®, and Ingenuity Pathways Analysis (IPA). Unsupervised clustering of gene expression data, representing one of the
largest series in literature, resulted in identification of four molecular clusters of tumors (C1-C4), which correlated with
histology (P=0.002). However, neither histology nor clusters correlated with clinical outcomes. Correlation of gene
expression data with clinical data showed that a number of genes were associated with either advanced stage at diagnosis
or development of recurrence or metastases. The top pathways associated with metastases were amino acid metabolisms,
biosynthesis of steroids and glycosphingolipids, cell cycle checkpoint proteins and Motch signaling. The differential
expression of some of the top genes related to both metastases and stage was confirmed by RT-PCR in all cases of
metastases and matched nonmetastatic cases. A number of potential candidates for therapeutics were also identified.
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The Crlcer nome Ias &El ) is an NIH initiative to create a
comprehensive compendium of genomic alterations across 33 cancer lineages

The Thymic Epithelial Tumors (TET) project was the last project to be initiated
by the TCGA as part of its rare tumor initiative

*  The TCGA TET Analysis Working Group (AWG) is comprised of clinicians, scientists,
and bioinformaticians tasked with the official analysis of the data.

o 47 members from 24 institutions and 6 countries.

Tissue from 117 patients were submitted to the TCGA from 18 institutions for
comprehensive multi-omics analyses

THE CANCER GENOME ATLAS
National Cancer Institute
National Human Genome Research Institute

Patient Demographics
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Clinical Characteristics
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GTF2l: a thymoma specific oncogene

GTF2l = General Transcription Factor II-I GTF2I

L424H
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TETs have the lowest mutational burden among adult cancers
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Data, Data, and more Data...
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Multi-omics analyses identifies four molecular subtypes
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Myasthenia gravis is associated with high tumoral
overexpression of muscle auto-antigens and
miaeuploidy
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thymic carcinoma

COSMIC Signaturs § vs Mutatien Spectra in TCGA-Z8-A068

A novel case of an Microsatellite Instability (MSI)-high
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TCGA Summary

TETs have the lowest mutational burden among adult cancers, however,
an enrichment of GTF2I, HRAS, NRAS, TP53, and loss of Chrl6q (Type
TC) is observed.

We identify four robust molecular subtypes of TETs with associated
genomic hallmarks

Myasthenia gravis was linked to the over-expression of muscle auto-
antigens and increased aneuploidy

We did not observe the presence of viruses (including polyoma) in TET
tissues

We describe a novel case of microsatellite unstable thymic carcinoma -
consideration of immune checkpoint therapy in this rare subset
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Conclusions

Molecular analysis has some utility

Mutational profile identified
o GTF2iin A/AB
> No specific targets

RNA-based prognostic signature
° Validated in TCGA
o Limited commercial viability (rare tumors)
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