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FUSION GENES: AN EMERGING TARGET IN CANCER DIAGNOSTICS 

AND DRUG DEVELOPMENT 
 
Fusion genes have long been known to play an important role in the development of 
cancer.1 Since the discovery of the first fusion gene in 1960, researchers have 
continued to discover fusion events involved in cancer development.  

 
In recent years, hundreds of novel fusions have been identified across a multitude of 
cancer types, due in large part to the ease of producing this data using Next 
Generation Sequencing (NGS) techniques like RNAseq and their broad use in clinical 
diagnostic labs. The progression of gene fusions from discovery to characterization to 
drug development represents a new and increasingly common occurrence. 

 
Identifying and documenting each newly discovered fusion is crucial in both patient 
diagnosis and the development of precision medicine. This diagnostic method allows 
for the proper application of existing therapies and the development of new 
therapies.  

 
It came to our attention that a comprehensive knowledgebase of literature regarding 
gene fusions was not available, so we set out to create one from the Mastermind 
genomic database. Below are the results of that effort. 
 

A BRIEF HISTORY OF FUSION GENE DISCOVERIES  
 
The first known fusion gene, BCR-ABL1, was discovered initially as an aberrantly small 

chromosome based on cytogenetic analysis of Chronic Myelogenous Leukemia (CML) 
cells in 1960. It was later characterized in 1973 as an abnormal translocation of 
chromosomes 9 and 22. Then, in the 1980s, it was understood to cause the fusion of 
two gene products – BCR and ABL1. This fusion gene is now known to be present in 
more than 95% of CML patients and 5-25% of Acute Lymphoblastic Leukemia 
patients.2-4 Imatinib, used for the treatment of BCR-ABL1 positive CML5, was among the 

first therapeutic compounds to be developed to specifically target a genetic lesion – 
23 years after the first discovery of a fusion gene.  
 
A 2017 study reported that 15% of patients with metastatic cancer harbored genomic 
rearrangements, many of which produced putative fusions.6 While 35% of these fusions 

involved kinase genes, indicating they may able to be targeted by currently existing 
kinase inhibitors, 19% of them involved novel partner genes. This discovery left open 
the possibility for new strategies of drug development.6  
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In a large-scale 2018 study, a total of 25,000 fusions were discovered across 9,600 
tumor samples encompassing 33 different cancer types.7 Fusion events drove 
pathogenesis of 16.5% of these cancers, and were the sole driver in 1.8% of them.7 

Additionally, 6% of the samples contained fusions that could potentially be targeted 
by currently existing therapies.7 

 

FUSION GENE KNOWLEDGEBASES  
 
Currently, The Catalogue of Somatic Mutations in Cancer (COSMIC) and The Cancer 

Genome Atlas (TCGA) serve as the main source for documented fusions.8-9 COSMIC 
currently contains 297 unique fusion pairs derived from ~ 1.4 million tumor samples, 
while TCGA contains clinical and sequencing data from over 20,000 samples.8, 10-11  
 
The comprehensiveness of these databases is of the utmost importance due to these 
factors: 

 

• Many fusions discovered in tumor samples involve novel partner genes  

• These fusions can often be targeted by existing or emerging therapies 

 
However, both COSMIC and TCGA lack the comprehensive literature support needed 
to ensure that the database is fully inclusive of all documented fusions. Moreover, 
these fusions being aggregated from large patient sequencing studies without more 
detailed curation introduces the potential for the inclusion of incidental fusion events 

that do not drive disease, non-functional read-through fusions, or sequencing and 
bioinformatic artifacts. 
 
To address this need to improve clinical diagnosis for fusion events and to inform drug 
development in pharmaceutical workflows for gene fusion-based therapeutics, we 

used the Mastermind Genomic Search Engine to produce a comprehensive 
landscape of all previously published fusion events, and to characterize their role in 
disease. 

 

MASTERMIND: A MORE COMPREHENSIVE SOURCE FOR FUSION 

DOCUMENTATION 
 
The Mastermind Genomic Database has indexed the full text of millions of genomic 
articles and supplemental data to provide immediate insight into the published 
research for every disease, gene, and variant found in the literature. Access to this 

annotated information allowed us to obtain more complete answers to questions 
about the comprehensive fusion landscape in human cancers. 
 

https://www.genomenon.com/mastermind/?utm_source=fusionreport
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In order to determine whether Mastermind could serve as a more comprehensive 
source for documented fusions, we developed a process to automatically retrieve 
fusion genes from our database of approximately 6.5 million full-text genomic articles. 

To focus our study on fusion events of clinical significance, we restricted our analysis to 
the 507 genes comprising the Illumina TruSight Fusion Gene Panel. For these 507 genes,  
we discovered a total of 2,022 unique fusion pairs cited in the scientific literature, all of 
which were manually validated. This represents a 686% increase in yield over the 
COSMIC database (Figure 1).  

 
 

Figure 1. Unique Fusion Partner Comparison, Mastermind and COSMIC 

 

NPM1-TYK2 is an example of a fusion gene that is not present in either the COSMIC or 

the TCGA databases, but for which there is a known pathogenic disease association 

and a potential therapy. This fusion was discovered in 2014 and found to be recurrent 

in cutaneous CD30-positive lymphoproliferative disorders.12 Because the fusion event 

involves activation of the JAK-STAT pathway member TYK2, it represents a potentially 

targetable fusion event.  
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TOP FUSION PARTNERS BY NUMBER OF ARTICLES  
 
The top 5 most common fusion partners:  
 

• ALK (n = 94 unique fusion partners)  

• BRAF (n = 85 unique fusion partners) 

• ETV6 (n = 62 unique fusion partners) 

• EWSR1 (n = 59 unique fusion partners) 

• FGFR1 (n = 50 unique fusion partners) 

 
Overall, the top 20 most common fusion partners represented 22.6% of the total fusion 

partners (Figure 2).  
 

Figure 2. Top 20 Fusion Partners 

 
Based on the publication date of the articles describing these fusions, we also 

discovered that both the total number of articles describing fusions and the number of 
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articles describing novel fusions has experienced a relatively constant increase from 
1987 to 2018 (Figure 3).  
 

Figure 3. Number of Articles Describing Fusions and Novel Fusions by Year 

 
This trend represents a steady increase in recognition of fusion genes in clinical 
diagnostic labs and research laboratories. Last year over 140 novel gene fusions were 
found across nearly 500,000 newly published scientific articles containing genomic 
content. This highlights the challenges associated with maintaining a current and 

comprehensive database of fusion events that can lead to disease and how to most 
effectively treat patients who have these fusion events. 

 

NEW FUSION GENES FOR CANCER IN 2019  
 
From among the newly published scientific articles in 2019 alone, we have used 

Mastermind to identify 11 novel fusions involved in the genesis of multiple cancer types 
(Table 1).  
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Table 1. Novel Fusions Discovered in 2019 

 

Several of these fusions were unique, having been discovered in an individual patient:  
 

• BRAF-SEPT3 is a novel fusion discovered in one patient with melanoma and 

conferred the least proliferative but most invasive phenotype of the three BRAF 

fusions that were evaluated, as well as a low treatment response to MAPK 

inhibitors.13  

• Similarly, NTRK3-KHDRBS1 was discovered in an infant with a CD34-positive 

spindle-cell skin tumor and is of particular interest due to the more recent 

identification of the role of NTRK3 fusions in driving the development of rare 

cancer types, as well as the recent development of TRK inhibitors.14  
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Other fusions were detected in more than one case:  
 

• LPP-RFC4, is a recurrent but non-pathognomonic fusion in mucinous breast 

cancer.15 

• CBFA2T3-PAX5 is a recurrent fusion in a high-risk subtype of B-progenitor acute 

lymphoblastic leukemia.16  

 
Overall, these findings illustrate an increased interest in the role of fusions in cancer 
generally, as well as emphasize the true breadth and heterogeneity of the fusion 
landscape.  
 

SUMMARY OF FINDINGS  
 
As our knowledge of gene fusions and their function in the development of cancer 

continues to improve, identifying and documenting each newly discovered fusion will 
only become more crucial in both patient diagnosis and the development of precision 
medicine. This will allow for application of existing therapies and the development of 
new therapies as fusions are more thoroughly characterized and novel fusions are 
discovered.  

 
A comprehensive view of the fusion landscape in cancer can be developed by 
indexing the entire corpus of the genetic literature for gene fusions. The resulting gene 
fusion database can provide insight into patient diagnosis and treatment decisions, 
and provide a platform for both drug discovery and repurposing efforts.  

 
Request access to the Mastermind Gene Fusion Database here. 
Learn more at genomenon.com.  
 

 
The content as presented in this article is an analysis of the literature on fusion genes as of April 
2019, and provided by Genomenon team members Lauren Chunn, Mark Kiel, and Diane Nefcy.  

Mastermind, Genomenon’s Genomic Search Engine, provides immediate insight into the published 
genomic research for every disease, gene, and genetic variant found in the literature.  

Used by hundreds of diagnostic labs around the world, Mastermind accelerates genomic 
interpretation by providing unique insight into genomic relationships found in the full text of millions 
of scientific articles.  

Pharmaceutical researchers license the Mastermind database for a comprehensive genomic 
landscape associated with any given disease – to identify and prioritize genomic biomarkers for 
drug discovery and clinical trial targets.  

 

https://www.genomenon.com/contact/?utm_source=fusionreport
https://www.genomenon.com/?utm_source=fusionreport
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