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Drug development  
time consuming 

• ~10-20 years to develop a new drug 
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Drug discovery pipeline 
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Drug development  
time consuming and expensive 

• ~15-20 years to develop a new drug 

• Reporting of cost between $1.2B-$2.4B 

– 70% costs in clinical trials. 

– 75% of this price tag is attributable to failure 
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Drug development  
time consuming and expensive and prone to failure 

• ~15-20 years to develop a new drug 

• Reporting of cost between $1.2B-$2.4B 

– 70% costs in clinical trials. 

– 75% of cost attributable to failure 

• 90% of all drugs developed don’t make it to market 

• 60% transition from phase i, 35% make phase ii, 62% make phase III 

– Successful drugs - $500M-$2B 
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disease model 

drug candidates 

preclinical testing 

OMICs - Genomics, Transcriptomics, Proteomics, Metabolomics 

High Throughput Screening 

In silico profiling 

In vitro and in silico ADME models 

Molecular modeling 

Identify a wide range of relevant and even personalized targets 

Screen 100k+ compounds/day 

Use computers to predict activity 

Optimize structure and activity 

Assess biological 
feasibility 

Massive data generating methods now operating  
across the discovery pipeline 
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Bottom Line 

Despite our collective knowledge, experience, 
improved technology and vast amounts of data… 
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Moreover, it’s unethical do subject people  
to chronic failure. 

We still don’t know what we are doing. 
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Most published research findings are false. 
- John Ioannidis, Stanford University 

Reproducibility of landmark studies is shockingly low: 
 
  39% (39/100) in psychology1 

  21% (14/67) in pharmacology2 

  11% (6/53) in cancer3 

 

PLoS Med 2005;2(8): e124.  

1doi:10.1038/nature.2015.17433 2doi:10.1038/nrd3439-c1 3doi:10.1038/483531a 
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Maybe it’s time to completely 
rethink how we perform  

drug discovery 
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Maybe it’s time to rethink how 
we perform  

drug discovery 

We need to use machines to improve our 
ability to identify a successful drug candidate 

as early as possible by aggregating and 
analyzing data across the drug discovery 

pipeline  



@micheldumontier::OncoZon:2019-05-09 14 



@micheldumontier::OncoZon:2019-05-09 15 



Evaluation of cimetidine for lung adenocarcinoma  

• Lung cancer contributes the greatest burden of cancer mortality 
and incidence in Europe and the United States 

• Evaluated therapeutic predictions for lung adenocarcinoma 
– cimetidine - off-patent and inexpensive OTC to treat heartburn and ulcers 

with favorable side effect profile 

– tested three doses of cimetidine in mice implanted with a human A549 LA 
cell line and followed the growth of these tumors for 12 days  

– 2.3x growth of original compared to 2.8x for control 

 

2012 paper suggests utility as adjuvant in colorectal cancer  
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Inflammatory bowel diseases 

• Inflammatory bowel diseases (IBDs) ulcerative colitis (UC) and 
Crohn’s disease (CD) form cluster for which corticosteroids and 
other immunosuppressive drugs are broadly indicated. 

• Topiramate, an anticonvulsant drug currently used to treat 
epilepsy, had a strong therapeutic score for CD and UC  

• topiramate performed favorably in a preclinical rodent colitis 
model 
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Sci Transl Med. 2011 Aug 17;3(96):96ra76.  
doi: 10.1126/scitranslmed.3002648 



pharmacoepidemiology study using administrative claims data 
to determine whether topiramate exposure is associated with a 
reduced rate of disease flares in subjects with IBD. 
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Maybe it’s time to rethink how 
we perform  

drug discovery 

We need to use machines to improve our 
ability to identify a successful drug candidate 

as early as possible by aggregating and 
analyzing a complementary set of positive 

and negative findings across the drug 
discovery pipeline  
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However, significant effort is 
needed to find these datasets, 

make sense of them, and 
ultimately use them for a new 

purpose 
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We need a new social contract, 
supported by legal and technological 

infrastructure to make digital 
resources available and accessible to  

 
people and machines 
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Lambin et al. Radiother Oncol. 2013. 109(1):159-64. doi: 10.1016/j.radonc.2013.07.007 



Human machine cooperation 
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An international, bottom-up paradigm for 
the discovery and reuse of digital content 

 by people who want to use machines 
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http://www.nature.com/articles/sdata201618 

http://www.nature.com/articles/sdata201618


FAIR in a nutshell 

FAIR aims to create social and economic impact by facilitating the 
discovery and reuse of digital resources through a set of basic 
requirements: 

– unique identifiers to retrieve all forms of digital content and knowledge 

– high quality meta(data) to enhance discovery of digital resources 

– registered in appropriate repositories to make sure they can be found  

– use of common vocabularies to create shared meaning and facilitate search  

– adherence to community standards for common representations  

– detailed provenance to provide context and facilitate reproducibility 

– social and technological commitments to realize reliable access 

– simpler terms of use to clarify expectations and intensify innovation 
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FAIR: Impact 
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Improving the FAIRness of digital resources will 
increase their potential for and ease in reuse 
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The Semantic Web 
 is a portal to the web of knowledge 

32 @micheldumontier::OncoZon:2019-05-09 

standards for publishing, sharing and querying  
facts, expert knowledge and services 

 
scalable approach for the discovery 

of  independently constructed, 
collaboratively described, 

distributed knowledge 
 
 



The semantic web community has built a massive  
open and decentralized knowledge graph 
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Identifying drug targets  
from mouse knock-out phenotypes 
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drug 

gene 

phenotypes effects 

human gene 

non-functional  
gene model 

ortholog 

similar 

inhibits 

Main idea: we compare the phenotypes of knockout mouse models with the effects of drugs. When similar, we 
hypothesize that the drug acts as an inhibitor of the gene, thereby mimicking its phenotypic effect. 

14,682 drugs; 7,255 mouse genotypes 
Validation against known and predicted inhibitor-target pairs  

0.82 ROC AUC for mouse targets  
0.76 ROC AUC for human targets  

Diclofenac: NSAID used to treat pain, osteoarthritis 
and rheumatoid arthritis 

• 46% drug effects explained by COX-2 knockout: 
inflammation, gastritis, constipation, upper GI tract pain 

• 49% drug effects explained by PPARg knockout: 
peroxisome proliferator activated receptor gamma 
(PPARg) regulates metabolism, proliferation, 
inflammation and differentiation 

Mouse model phenotypes provide information about human drug targets. 
Bioinformatics, 2013. doi:10.1093/bioinformatics/btt613 
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Find new uses for existing drugs 

Finding melanoma drugs through a probabilistic knowledge graph. 
PeerJ Computer Science. 2017. 3:e106 https://doi.org/10.7717/peerj-cs.106 

by exploring a probabilistic 
semantic knowledge graph 

And validate them against 
pipelines for drug discovery 
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accuracy 0.80-0.89 
(depends on gold standard) 



Summary 

• Drug discovery remains an error failure prone endeavor that will 
benefit from more effective selection of early candidate molecules 
based on smart algorithms operating over vast amounts of data across 
the discovery pipeline 

 

• The FAIR principles offers a way forward: a global initiative to enhance 
the discovery and reuse of all kinds of digital resources of benefit to drug 
discovery, and biomedical research in general 
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michel.dumontier@maastrichtuniversity.nl 
Website: http://maastrichtuniversity.nl/ids  
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The mission of the Institute of Data Science at Maastricht University is to foster a 
collaborative environment for multi-disciplinary data science research, 
interdisciplinary training, and data-driven innovation . 

 

We tackle key scientific, technical, social, legal, ethical issues that advance our 
understanding across a variety of disciplines and strengthen our communities in the 
face of these developments. 

http://maastrichtuniversity.nl/ids

