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Issues 
 Rare tumors 

  

 No standard format of treatment 

  

 Poor followup data 

  

 Histology  
◦ Lymphocytes 
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RNA-profiling 

Metastasis Free survival: 50 patient sample set 

Time to metastasis (yrs) 

GOKMEN-POLAR  ET AL LOEHRER/BADVE PLOS ONE 

MFS based on GEP 

P = 0.0001 

MFS based on stage 

P = 0.04 

Top graph – MFS based on PTA GEP prediction; Class 1 (blue) ; Class 2 (red) 
Bottom graph – MFS based on stage; I/II (blue) ;  III/IV (red) 
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Introduction 
 The Cancer Genome Atlas (TCGA) 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.  

◦ 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 

Patient Demographics 

Total number 117 

Median age in years(range) 60 (17 – 84) 

Male /Female  61 (52%)/56 (48%) 

Race  
   Caucasian 
   Black 
   Asian 
   Data missing  

  
97 (83%) 

6 (5%) 
12 (10%) 

2 (2%) 

Masaoka stage 
    I 
   IIA 
   IIB 
   III 
   IVA 
   IVB 
   Data missing 

  
36 (31%) 
39 (33%) 
19 (16%) 
15 (13%) 

1 (1%) 
5 (4%) 
2 (2%) 

Histologic subgroup:  
      Type A 
      Type AB 
      Type B1 
      Type B2 
      Type B3 
      Type TC  
      Type MN-T 

  
 10 (9%) 
48 (41%) 
12 (10%) 
25 (21%) 
10 (9%) 
10 (9%)  

2(2%) 
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Clinical Characteristics 

Adjuvant radiation therapy  39 (33%) 

Adjuvant systemic therapy (total 14) 
   Platinum- and/or anthracycline-containing combination 
   Other systemic therapy* 
   Targeted therapy* 
   Data missing 

14 (12%) 
6  
4 
2 
2  

Autoimmune disease (total 39)* 
   Myasthenia gravis only 
   Non-myasthenia gravis autoimmune disease only 
     Data missing** 

39 (33%) 
32  
7  
6  

Onset of myasthenia gravis (total 32) 
   Myasthenia gravis diagnosed prior to thymoma 
   Myasthenia gravis and thymoma diagnosed simultaneously  
   Myasthenia gravis diagnosed after thymoma 
   Data not available  

32 
20 
7 
4  
1 

Secondary malignancy (total 22) 
   Diagnosed after thymic tumor 
   Diagnosed prior to thymic tumor 
   Diagnosed synchronously    

  
10 
9 
3  

117 TET Tumor/Normal Pairs 

Central Pathology Review 

Whole exome 
sequencing 

for mutations 

DNA 
microarray for 

CNVs 

RNA-seq for 
gene 

expression 

MethylArrays 
for 

methylation 

RPPA for 
protein 

expression 

Integrated multi-platform bioinformatics and statistical analysis 
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Common mutated oncogenes N=117 TETs 

The majority of these mutations are clonal = 100% of tumor cells 

GTF2I: a thymoma specific oncogene 

All mutations occur at the same locus 

L424H mutations occur only in thymoma Differential protein pathway analysis of 
GTF2I mutant vs. WT in A & AB tumors 

GTF2I = General Transcription Factor II-I 
• Mutated in 40% of TETs (exclusively in A & AB 

thymomas, first observed by Petrini et al. 2014) 
• GTF2I protein was first discovered in 1997 as a 

phosphorylation target of Bruton’s Tyrosine Kinase 
(BTK) 

• Phosphoprotein with roles in transcription and signal 
transduction 

• Germline deletion is responsible for mental retardation 
observed in Williams-Beuren syndrome 
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TETs have the lowest mutational burden among adult cancers 

More aggressive WHO subtypes have a higher rate of  
somatic alterations 

Thymic carcinomas have higher burden of 
point mutations and indels than thymoma 

B2, B3, and TC tumors have higher 
number of altered chromosomal arms 
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Data, Data, and more Data… 

RNA Methylation RPPA microRNA CNVs 

Multi-omics analyses identifies four molecular subtypes 
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Myasthenia gravis is associated with high tumoral 
overexpression of muscle auto-antigens and 
aneuploidy MG + 

Genomics of thymic carcinoma: Chromosome 16q loss 

Chr16q 

Tumor suppressors derived from the Sanger Cancer Gene Census 
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A novel case of an Microsatellite Instability (MSI)-high  
thymic carcinoma 

• 78 year old female diagnosed 
with Stage IVb thymic carcinoma 

• Overall survival: 12 months 
• MSI-High, Chr 16q loss + 
• Harbored a loss-of-function 

MLH1 E37* mutation with a 
concurrent 2.6-fold down-
regulation in RNA expression 

TCGA Summary 
 TETs have the lowest mutational burden among adult cancers, however, 
an enrichment of GTF2I, HRAS, NRAS, TP53, and loss of Chr16q (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 
◦ GTF2i in A/AB 

◦ No specific targets 

  

 RNA-based prognostic signature 
◦ Validated in TCGA 

◦ Limited commercial viability (rare tumors)  
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