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Abstract

The process of discovering new drugs has been extremely costly and slow in the last

decades despite enormous investment in pharmaceutical research. Drug repurposing en-

ables researchers to speed up the process of discovering other conditions that existing

drugs can effectively treat, with low cost and fast FDA approval. Here, we introduce

‘RE:fine Drugs’, a freely available interactive website for integrated search and discovery

of drug repurposing candidates from GWAS and PheWAS repurposing datasets con-

structed using previously reported methods in Nature Biotechnology. ‘RE:fine Drugs’

demonstrates the possibilities to identify and prioritize novelty of candidates for drug

repurposing based on the theory of transitive Drug–Gene–Disease triads. This public

website provides a starting point for research, industry, clinical and regulatory commun-

ities to accelerate the investigation and validation of new therapeutic use of old drugs.

Database URL: http://drug-repurposing.nationwidechildrens.org

Introduction

Drug discovery and development is typically a 7–12 year

process that requires investment of billions of dollars and

abundant clinical trials but results in unpredictable return

on investment (1, 2). Drug repurposing—also known as

drug repositioning, re-profiling, re-tasking or therapeutic

switching (3, 4)—is the process of discovering new indica-

tions for already approved drugs to speed up and to lower

the cost and risk of developing drugs. Since repurposing

relies on previously approved studies that already passed

multiple toxicity and other tests, new discoveries tend to

be ready for clinical trials quickly and be reviewed by Food

and Drug Administration (FDA) faster (4). Approximately

30% of the newly FDA-approved drugs and vaccines in the

US in recent years are repurposing discoveries (5). As an

example, Pfizer’s sildenafil (Viagra) was repositioned from
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angina treatment to erectile dysfunction treatment in men

in 1998 (6).

The widespread practice of drug repurposing has pro-

duced a range of computational methods for the discovery

of new uses for old drugs. Depending on the availability of

the biological and pharmaceutical information, these

methods can be drug, disease or target oriented and can be

classified into target-based, knowledge-based, signature-

based, network-based and targeted-mechanism-based

approaches (5, 7). A number of publicly available and

searchable drug repurposing databases such as DrugMap

Central (8), DRAR-CPI (9), e-Drug3D (10), PharmDB (11)

and PROMISCUOUS (12) has proven to be popular and

valuable among researchers.

A study by Nelson et al. shows that the proportion of

drugs developed with genetic evidence is significantly

increasing (13). Recently, Genome-Wide Association Study

(GWAS) and Phenome-Wide Association Study (PheWAS)

have emerged as target-based methods that have the poten-

tial to discover additional disease indications of the same

drug target by leveraging the associations between a single

gene and multiple diseases (14, 15). In a previous study, we

provided a public PheWAS dataset of 52 966 drug–disease

candidates for drug repurposing (14). However, that data-

set was presented as a static Excel file and it does not in-

clude the GWAS dataset.

In this article, we introduce ‘RE:fine Drugs’, an inter-

active user interface to integrate GWAS and PheWAS re-

position datasets using Drug–Gene–Disease triads along

with advanced search and export capabilities. Our website

enables researchers to explore dataset of drug repurposing

pairs to discover novel opportunities for possible treatment

of new indications. The proposed usage of ‘RE:fine Drugs’

is under a hypothesis generation framework rather than a

statistical testing framework: a positive identification from

this database only suggests a possibility of drug reposition,

rather than any statistical validation.

Database creation

Identification of candidate drug–disease relationships is the

primary step in the drug repurposing task. Although there

have been previous studies using Machine Learning-based

methods (16) and literature analysis (17) for drug repur-

posing, we extracted and prioritized a new dataset of can-

didate drug repurposing pairs using previously established

data integration methods (3, 14, 15) using Transitive

Property of Equality between drug–gene and gene–disease

pairs (Figure 1). The drug–gene relationships were ex-

tracted from DrugBank (18), whereas the gene–disease re-

lationships were extracted from GWAS (NIH catalog of

2015) and PheWAS (19) data sources. We first extracted

all 212 851 SNP-disease associations from a PheWAS re-

ported by Denny et al. (19) which includes all associations

with nominal P-value< 0.05. Currently, the PheWAS data

is limited to primarily adult patient population from five

institutions in the Electronic Medical Records and

Genomics (eMERGE) network with a mean age of 69.5

years (19). Afterward, removing any association with no

mapping between the SNP and a gene in the dbSNP left us

with 48 488 unique gene–disease relationships. Then we

used a list of 14 169 direct and indirect gene targets for

drugs from DrugBank (18) to identify 52 966 drug–disease

relationships. We followed a similar approach for GWASs.

Figure 1. Drug repurposing by the transitive triad of drug, gene and disease. Through the target gene of the drug, new treatment indications can be

suggested for an existing drug. This figure shows fields available in ‘RE:fine Drugs’ advanced search.
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We retrieved all gene–disease pairs from GWAS catalog

and using drug–gene target pairs from DrugBank, we iden-

tified 7945 potential drug–disease pairs.

Under the hypothesis-generation framework, we chose

a loose P-value cutoff of 0.05 (without adjusting multiple

testing) to create a list of gene–disease associations, and

then propagate the claim through the drug–gene–disease

triad. Thus, we test the effectiveness of our framework to

enrich drug reposition candidates using a permutation test.

We use the co-occurrence of a drug and a disease in bio-

medical literature and clinical trials database as a proxy of

biological plausibility of the drug reposition, since it can be

influenced by literature bias (20, 21). Our study shows that

28% (14 816 out of 52 966) of the transitive drug–disease

pairs from PheWAS were supported in at least one

Medline abstract while permuting drug–disease pairs will

only identify 6.2% of random drug–disease words in the

literature. We applied the same method using data ex-

tracted from GWAS catalog and verified co-occurrence of

38.8% (3087 out of 7945) drug–disease pairs in Medline

abstracts while 6.2% co-occurrence identified using

shuffled drug–disease pairs. These findings suggest that

PheWAS and GWAS data can significantly enrich drug–

disease pairs to be further considered for the potential of

reposition.

Furthermore, to estimate the novelty of the drug–dis-

ease pairs and to prioritize them, we cross referenced all

pairs with the NIH clinical trial registry (i) and also used

the biomedical literature co-occurrences of drug–disease

pairs (ii) to categorize each PheWAS and GWAS generated

pair in one of these four categories: ‘known/rediscovered’

for relationships that already exist in the DrugBank,

‘strongly supported’ for pairs with some evidence in both

(i) and (ii), ‘Likely’ for pair with support in either (i) or (ii)

and ‘novel’ for pairs with no evidence in (i) or (ii). Note

that the lack of occurrence of both drug and disease terms

together in the literature could potentially indicate a novel

finding, a bias of literature annotations or a true lack of as-

sociation (20, 21).

Design and implementation

With regard to the design of ‘RE:fine Drugs’, we sought to

provide a friendly user interface for the researchers to

interactively filter drug repurposing candidates and browse

them in a prioritized fashion. The auto-complete feature

allows the users to search for drugs, diseases and genes by

prefixes. In addition, users can search for candidates with

strong support in the literature or clinical trials database,

or restrict the results to the ones with significant P-value

scores. All the search and suggestion functionalities are im-

plemented with Edge-N-Grams and multiple inverted

indexes using Elasticsearch (https://www.elastic.co/prod

ucts/elasticsearch) and the user interface and backend are

benefiting from the non-blocking and asynchronous con-

cepts of node.js (https://www.nodejs.org) to offer a fast

and fresh navigation to the users.

Case study

‘RE:fine Drugs’ promises delivery of prioritized drug–dis-

ease candidates for drug repurposing. For example, a user

will find 12 pairs of drug–disease associations by searching

for the ‘IL2RB’ gene. The user can then use the advanced

search and results table to filter and sort results by P-value,

odds ratio, literature support, clinical trials, disease name

and/or drug name. Several results for the IL2R monoclonal

antibody ‘daclizumab’ are returned, which was originally

developed for the prevention of organ transplant rejection.

One example of an interesting drug repurposing hypothesis

for daclizumab that has been validated in the literature is

its use in treating asthma via acting as an immunosuppres-

sant (22–24). A sample screen shot of this search scenario

and the results is shown in Figure 2.

Furthermore, the search system accommodates different

entry points using drugs, genes or diseases, which enable a

multidisciplinary research team of chemists, molecular

biologists, pathologists and other researchers to extract

drug repurposing candidates, find the association informa-

tion and export the results for further analysis.

Please note that the P-values in Figure 2 are nominal P-

values reported from the SNP-disease association studies

from either GWAS or PheWAS; they do not directly test

the association between drug and repurposed disease indi-

cation. To generate hypothesis for drug repurposing candi-

dates, many researchers prefer to use nominal P-values to

protect from type II errors of missing an opportunity (25).

However, there are also concerns of finding spurious asso-

ciations due to multiple testing (26). As such, we also pro-

vide false-discovery rate (FDR) adjusted P-values under the

advanced options tab. The selection of a drug repurposing

candidate for further clinical test can be largely a business

decision, for instances, cost, market size and competitors.

As such, we reemphasis that the reported P-values are only

for a guidance of hypothesis generation rather than hy-

pothesis testing.

Future work

This study is sought to provide an easy and fast access to

the databases of drug repurposing potentials and enables

researchers to explore and share these opportunities. We

aimed to balance the timeliness of the system availability
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and richness of capabilities. There are a couple of enhance-

ments we are planning for already.

The result table in the current design contains the num-

ber of co-occurrences of drug and disease terms in Medline

and clinical trial registry. However, these results do not

provide the user with a link to the Medline abstract or clin-

ical trials registry. In the future, we plan to provide list of

links to these resources along with a short snippet of text

so that researchers can investigate the validity and direc-

tionality of the drug–disease co-occurrence evidence and

causality of the SNP/gene in question.

In our current design, researchers can sort the results by

couple of categories such as the ‘New Use’, but they are lim-

ited to sort disease names alphabetically. In the next release,

we intend to integrate a disease ontology framework so

that users can search and sort by categories such as ‘cancer’,

‘neurological disease’, etc. and we automatically expand

the categories to include all the diseases in that category.

As more researchers start to use the system and provide

feedbacks, we can address additional enhancements as

needed.
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tize the repurposing opportunities, users can toggle between the advanced search tabs to change the search criteria and use the pagination and sort-

ing options to browse the results.

Page 4 of 5 Database, Vol. 2016, Article ID baw083



Funding

Funding for open access charge: National Institutes of Health (NIH)

Clinical and Translational Science Awards (CTSA) Grant

(UL1TR001070) to the Ohio State University’s Center for Clinical

and Translational Science (CCTS) and the National Library Of

Medicine under Award Number T15LM011270.

Conflict of interest. None declared.

References

1. Adams,C.P. and Brantner,V.V. (2006) Estimating The Cost Of

New Drug Development: Is It Really $802 Million? Helath Aff.

(Millwood)., 25, 420–428.

2. Ng,R. (2015) Drugs: From Discovery to Approval, 3rd edn.

Wiley Blackwell, Hoboken, NJ.

3. Hurle,M.R., Yang,L., Xie, Q. et al. (2015) Computational drug

repositioning: from data to therapeutics. Clin. Pharmacol. Ther.,

93, 335–341.

4. Ashburn,T.T. and Thor,K.B. (2004) Drug repositioning: iden-

tifying and developing new uses for existing drugs. Nat. Rev.

Drug Discov., 3, 673–683.

5. Jin,G. and Wong,S.T.C. (2014) Toward better drug reposition-

ing: prioritizing and integrating existing methods into efficient

pipelines. Drug Discov. Today, 19, 637–644.

6. Novac,N. (2013) Challenges and opportunities of drug repos-

itioning. Trends Pharmacol. Sci., 34, 267–272.

7. Mei, H., Xia,T., Feng, G. et al. (2012) Opportunities in systems

biology to discover mechanisms and repurpose drugs for CNS

diseases. Drug Discov. Today, 17, 1208–1216.

8. Fu,C., Jin,G., Gao,J. et al. (2013) DrugMap Central: an on-line

query and visualization tool to facilitate drug repositioning stud-

ies. Bioinformatics, 29:1834–1836.

9. Luo, H., Chen,J., Shi,L. et al. (2011) DRAR-CPI: a server for

identifying drug repositioning potential and adverse drug reac-

tions via the chemical-protein interactome. Nucleic Acids Res.,

39, W492–W498.

10. Pihan,E.,Colliandre,L.,Guichou, J.F. and Douguet, D. (2012)

e-Drug3D: 3D structure collections dedicated to drug repur-

posing and fragment-based drug design. Bioinformatics, 28,

1540–1541.

11. Lee,H.S., Bae,T., Lee,J.H. et al. (2012) Rational drug reposition-

ing guided by an integrated pharmacological network of protein,

disease and drug. BMC Syst. Biol., 6, 80.

12. von Eichborn,J., Murgueitio, M.S., Dunkel,M. et al. (2011)

PROMISCUOUS: a database for network-based drug-repos-

itioning. Nucleic Acids Res., 39, D1060–D1066.

13. Nelson, M.R., Tipney,H.,Painter,J.L. et al. (2015) The support

of human genetic evidence for approved drug indications. Nat.

Genet., 47, 856–860.

14. Rastegar-Mojarad,M.,Ye,Z.,Kolesar,J.M. et al. (2015)

Opportunities for drug repositioning from phenome-wide associ-

ation studies. Nat. Biotechnol., 33, 342–345.

15. Sanseau,P.,Agarwal,P.,Barnes,M.R., et al. (2012) Use of

genome-wide association studies for drug repositioning. Nat.

Biotechnol., 30, 317–320.

16. Kinnings,S.L., Liu,N., Tonge,P.J. et al. (2011) A machine learn-

ing based method to improve docking scoring functions and its

application to drug repurposing. J. Chem. Inf. Model., 51,

408–419.

17. Deftereos,S.N.,Andronis,C.,Friedla,E.J. et al. (2015) Drug

repurposing and adverse event prediction using high-throughput

literature analysis. Wiley Interdiscip. Rev. Syst. Biol. Med., 3,

323–334.

18. Law,V.,Knox, C.,Djoumbou,Y. et al. (2014) DrugBank 4.0:

shedding new light on drug metabolism. Nucleic Acids Res., 42,

D1091–D1097.

19. Denny,J.C.,Bastarache,L.,Ritchie,M.D., et al. (2013) Systematic

comparison of phenome-wide association study of electronic

medical record data and genome-wide association study data.

Nat. Biotechnol., 31, 1102–1111.

20. Cheung,W.A.,Ouellette,B.F. and Wasserman,W.W. (2013)

Compensating for literature annotation bias when predicting

novel drug-disease relationships through Medical Subject

Heading Over-representation Profile (MeSHOP) similarity.

BMC Med. Genomics, 6 Suppl 2, S3.

21. Qu,X.A.,Gudivada,R.C.,Jegga,A.G. et al. (2009) Inferring

novel disease indications for known drugs by semantically

linking drug action and disease mechanism relationships. BMC

Bioinformatics, 10 Suppl 5, S4.

22. Menzella,F., Lusuardi,M., Galeone,C. and Zucchi,L. et al.

(2015) Tailored therapy for severe asthma. Multidiscip. Respir.

Med., 10, 1.

23. Colice,G.L. (2011) Emerging therapeutic options for asthma.

Am. J. Manag. Care, 17 Suppl 3, S82–S89.

24. Antoniu,S.A. (2009) Daclizumab a novel corticosteroid-sparing

therapy for asthma? Expert Opin. Investig. Drugs, 18, 369–371.

25. Roback,P.J. and Askins,R.A. (2016) Judicious use of multiple

hypothesis tests. Conserv. Biol., 19, 261–267.

26. Austin,P.C., Mamdani,M.M., Juurlink,D.N., and Hux,J.E.

(2006) Testing multiple statistical hypotheses resulted in spuri-

ous associations: a study of astrological signs and health. J. Clin.

Epidemiol., 59, 964–969.

Database, Vol. 2016, Article ID baw083 Page 5 of 5


