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Motivation

¢ Many drug information sources available
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Motivation

¢ Many use cases for drug information sources
e E-prescribing
e Clinical decision support
e Patient information
e Clinical/pre-clinical research

¢ Challenges
e Few integration systems (RxNorm)
e No registries of drug information sources

¢ Difficult to pair drug information sources with use
Cases



Objectives

¢ Framework for characterizing drug information
sources
¢ Application to

e Comparing sources
e Selecting sources most relevant to a given use case



Materials

¢ 23 drug information sources selected
e Publicly available
e Electronic format

e Explicit data elements
e Coverage (quantitative)

e Type of information covered

= Pharmacy (e.g., trade name, manufacturer)

= Chemistry (e.g., empirical formula, solubility)

= Biology (e.g., molecular target, pathway)

= Clinical medicine (e.g., indications, interactions)
e Purposely excluded information

= Pricing, packaging, retail and patent
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Source Name Website # INs
MedMaster http://www.nlm.nih.gov/medlineplus/druginformation.html nd
DrugDigest http://www.drugdigest.org/DD/Home ~1,000
DailyMed http://dailymed.nlm.nih.gov 1,117
ClinicalTrials.gov http://clinicaltrials.gov/ 924
Druglnfo http://druginfo.nlm.nih.gov/ ">12,000"
RXNORM http://mor.nim.nih.gov/download/rxnav/ 5,592
Drugs@FDA http://www.accessdata.fda.gov/scripts/cder/drugsatfda/ 1,689
WHO-ATC http://www.whocc.no/atcddd/ ~3,000
WHO-DRUG http://www.umc-products.com/DynPage.aspx?id=2829&mn=1107 9,899
Int'l Pharm. http://www.who.int/medicines/publications/pharmacopoeia/en/index.html 420
INN http://www.who.int/medicines/services/inn/en/index.html ~2,000
USP Dictionary http://www.uspusan.com/usan/login >4,317
USAN via AMA http://www.ama-assn.org/ama/pub/category/2956.html 689
MeSH MH only http://www.nlm.nih.gov/mesh/meshhome.html ~2,000
MeSH all http://www.nlm.nih.gov/mesh/meshhome.html ~5,000
UMLS http://www.nlm.nih.gov/research/umls/ ~9,000
PubChem http://pubchem.ncbi.nlm.nih.gov/ nd
ChemilDplus http://chem.sis.nlm.nih.gov/chemidplus/ nd
ChEBI http://www.ebi.ac.uk/chebi/ >7,000
DrugBank http://redpoll.pharmacy.ualberta.ca/drugbank/ 1,835
KEGG DRUG http://www.genome.jp/kega/drug/ 6,848
Reactome http://www.reactome.org/ nd
HumanCyc http://humancyc.org/ 20
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Methods

¢ Establish a list of features in the 23 sources
e Manually
e Database schema / web page organization
e Same gquery performed on multiple sources

¢ Normalize the features Matrix of
e “Dimensions of drug information” Sources x Features

e E.g., for trade names
= Data elements: Brand name, Trademark, ...
= Values: Propecia, Bayer Aspirin, Tylenal, ...

¢ Group the dimensions by domain
e Hierarchical facets




Methods

¢ Evaluation of quantitative coverage
e Number of single-component approved generic names

& Other elements assessed

e Source availability
= Cost, license

e Update frequency
e EXxistence of an application programming interface
e Format



Methods

¢ Grouping sources

e Correspondence analysis on the matrix of Sources X
Features (MSVP)

e Sources with the same profile of features are grouped
together

¢ Selecting sources
e Hypothetical use case

e Use the matrix to select sources
for this use case




Results

Pharmacy

o trade names
 dose/form
« combo products
» manufacturer
* manufacturer

code name
e approval info.

Chemistry
 chemical name
o CASH#
e structure graphic
« empirical formula
o InChl
e SMILES
o similar structures
* H bond donors
* H bond acceptors
» molecular weight
« solubility
» chem. superclass
* physical descr.
» melting point
* pKa
» other chemistry

Biology
» molecular target
» mech. of action
* biological effect
e metabolism
» other ADME
o toxicity
 anatomy
* bioassay
* pathways

Clinical
» therapeutic class
e indication
* contraindication
* side eff/prec/warn
e drug interactions
* patient info
o research lit.
* experimental app's

¢ 39 dimensions
organized in 4 groups




Results

ric

e T
E S

N




24 AN - .. .
amIojaEsy | o -
DT D0dA | o - "l - - .
HedetuJ | e | o - IR IR IE AN s IEIEIE.
[T | = o w|w|w|w| . L L L
snidiIruay) | - . . s|lo|e|e|s|e|n . ] ]
O | - - L IR IR AR AN AN B BN B A A -
ST | w|=w| w . .| = -
US| »| - . .. L)
HIN HS9 | - . . . .
FINY B RTE( | - LR JEIR IR .
ATEIonon J3 | . | % |w s|le|w|.
HII - L
TIRET A T3] oo |w|. .. IR
DETOHM (e 0| -
A L-OHAM Ofw .

FOJOEE T | | o | o] » .
POMET | & | » | »

OJUENIT | - . L]
ADE STERITEITHD (0| o -
PIPRIET | » | o w| » - .. ..
PAETEN | e o | w
IZEEAPALA] | - .
20005 o 1 .m o _ﬁ.ﬁ A -
= = & 1818 El T85! |
| 2|5 |8|E 5[ HE B §1E| |E
m m 2| g |5 .m__ v | :m..um = | @ Mﬁ.w_,_ m._d =3 o
AR R E e R E
w o =S |l d|lg= | alaol D o |
TIOTETIATIIT = e ) olol=2l= &= | o o}
Y TR E T S T s A
ﬂ.ﬁmE_”_Q Aoanrmed ATIE TIIATED



2 UTEIMN L

STI0TTED ]
Ondd HoaH
e gt

I U

st =T
izl et
5IAIN

e HSa1

HINT HE21
I B NS
ATEnOTan] d50
R

TR ] [,

O AT OHM
OL%-OHM
L)Y
PO
CUTSt]

LUER AR )

pagnATE]
BB IENI
=YL A ) |

22IN08

side efffpreciwarn
experimental app's

drug interactions

patient info

molecular target
tnech. of action

hiological effect

metabolism
othet ADNE
therapeutic clazs
indication
cotitraindicat on

reseatch it

O]

ﬂ.ﬁmE_n_ﬁ__




(356 Bl O=Y TSy

aster

1 .
EJQ%IQ est

=

Custer of drug information sources
with focuzon dinicd information

Readnme

UMLS  ppyg @FDA

Cluster of drug information sources
with focus on cheristry

Drug ank
Dalll-E ad E // Int'| F'Earm

KEGG DF{LJG

' "\

ChemilDplus
S PubChem

L _ LJSAN | N O
C|IHICE|TEEI|S. =P Dn:tmEr@lrj.f ChEEﬂ
— F{P{NQHM Humaan.n:: B

‘MESH
WyHO- BRUG A

WHO-ATC ru%Inf a *

|
I I
06 1.3

Druginformation source

Dirmensons (hy dormain)
Pharmacy
Chemistry

Biology
Clinical information

|
I
25

=043 (21.0%)




|
Y

al

Z

Results

& Use case

e Find the drugs corresponding to a given indication or
vice versa
e Requirements

= At least: drug names, indications

= Additionally: therapeutic class, mechanism of action,

biological effect, molecular target, experimental applications,
and chemical superclass
¢ Best sources

e UMLS, DrugBank, DailyMed, WHO ATC
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Summary

¢ 23 drug information sources selected and analyzed
¢ 39 features (dimensions) extracted
e Organized into 4 major categories

¢ Dimensions of drug information provide a
framework for analyzing drug information sources
¢ Applications
e Grouping sources
e Matching sources with use cases
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