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Rare cancers are defined as malignancies with an extremely low incidence such as less than 6 out of 100,000 populations per year, and approximately 200 malignancies are considered as rare cancers. Despite of the rarity of each of rare cancer, they are not rare overall; the rare cancers account for 15% of all newly diagnosed cancers in Japan1), and 24% in Europe2). While there are no common molecular profiles and clinical features, the small number of patients and clinical materials for research are common issues among rare cancers. Among rare cancers, we focus on sarcomas. Sarcomas are malignant mesenchymal tumors, arising from almost everywhere in human body3). Besides such diversity, sarcomas are rare cancers, accounting for less than 1% of all malignancies. Sarcomas are complex diseases; they comprise of more than 50 histological subtypes, which exhibit different biological and clinical features. In terms of diversity, rarity, and complexity, sarcomas are interesting diseases. 

The core competence of National Cancer Center is based on biobank resources with well-documented clinical data, genome and proteome study, and productive interactions between clinical experts and researchers. We have conducted the problem-oriented cancer research with proteomics modalities since 2002. Using clinical materials such as tumor tissues and plasma samples, we identified many intriguing proteins, and developed diagnostic, prognostic or predictive biomarkers. 
We realized an inherent problem of cancer proteomics using mass spectrometry. To identify proteins using mass spectrometry data, we always use the public protein database. However, the proteins with aberrant amino acid sequences, which derived from genetic mutations, are not recorded in the database for mass spectrometric protein identification. As a consequence, although mass spectrometry detects the signals from peptides with aberrant amino acid sequence, we cannot identify them, and only proteins with sequences recorded in the public databases are studied in cancer proteomics. This is a general problem of cancer proteomics. Proteins with amino acid aberrations unique to individual tumor tissues should be strong candidates for biomarkers and therapeutic targets, because they are perfectly specific to tumors and individual patients. With this notion, we launched a proteogenomics project. In the project, we obtain both genome and mass spectrometry data from identical tumor tissue samples. The individual genome data are translated and integrated into proteome database for mass spectrometric protein identification. The proteins with amino acid aberrations unique to individual tumors and patients will be studied for further understanding of heterogeneity of tumors, and applied for clinical applications.

To conduct the proteogenomics analysis, we created a unique software, “Mutated Nucleotide and Amino-acid sequence Generator (MuNaGe)”. MuNaGe integrates multi-omics data, generating patient-specific proteomic aberrations. MuNaGe will be further developed to integrate data from multiple omics platforms.  
We join to the International Cancer Proteogenomics Consortium (ICPC). In the ICPC, we will share our data and experience with oversea researchers who conduct proteogenomics. Such an international collaborative study was not organized for sarcomas and other rare cancers until now. Considering a limited number of cases and samples, we do need such a world-wide activity for rare cancers. 
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