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PharmGKB:
A Pharmagenetics Knowledge Base

Pharmacogenetics = the science of how genes 
influence an individual’s response to drugs
Gene–drug association

Gene Drug Response
Adverse Effect

Efficacy
( )

Adverse Effect
6-mercaptopurine + TPMT

Fatal bone marrow 
suppression

Efficacy
Codeine + CYP2D6

No effect on pain
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Selection of Drug Terminology

Selection criteria
Low cost
Few proprietary constraints (Web-based)
Generic names and trade names
Classification structure

Goals
To link drug to gene
To index experimental datasets
To index pharmacogenetics articles



Drug Terminologies Considered

NDC
VA-NDF
Multum
Gold Standard Multimedia Clinical Pharmacology
Micromedex
FirstDataBank
Facts and Comparisons
NDF-RT



NDF-RT: 
National Drug File –

Reference Terminology

Features Not Used
Dose forms
Strength
Manufacturer
Package size
Package type
UMLS CUI
MeSH definition

Features Used
Generic names
Trade names
Ingredients
Mechanism of action
Physiologic effects
Conditions treated
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Additional Trade Names
FDA Orange Book

PROCAINAMIDE HYDROCHLORIDE~Capsule; 
Oral~PRONESTYL~APOTHECON~250MG~007335~001~AB~Approved prior to Jan 
1, 1982~No~RX
DICYCLOMINE HYDROCHLORIDE~Capsule; Oral~BENTYL~AVENTIS 
PHARMS~10MG~007409~003~AB~OCT 15, 1984~Yes~RX
NOREPINEPHRINE BITARTRATE~Injectable; Injection~LEVOPHED~ABBOTT~EQ 
1MG BASE/ML~007513~001~~Approved prior to Jan 1, 1982~Yes~RX
METHIMAZOLE~Tablet; Oral~TAPAZOLE~LILLY~5MG~007517~002~AB~Approved 
prior to Jan 1, 1982~No~RX
ASPIRIN~Tablet, Extended Release; Oral~8-HOUR BAYER
~BAYER~650MG~016030~001~~Approved prior to Jan 1, 1982~No~DISCN
HYDROCORTISONE~Tablet; Oral~CORTEF~PHARMACIA AND 
UPJOHN~10MG~008697~001~BP~Appro
WARFARIN SODIUM~Tablet; Oral~COUMADIN~BRISTOL MYERS 
SQUIBB~10MG~009218~005~AB~Approved prior to Jan 1, 1982~Yes~RXved prior 
to Jan 1, 1982~Yes~RX
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Conclusion

NDF-RT satisfies our requirements
Additional trade names from Orange Book
Inheritance hierarchy of concepts with roles and 
properties

Need tool to view (Protégé)
Also converted to relational tables

Will upgrade to new versions



Thank you.

oliver@smi.stanford.edu

Acknowledgements:  The Pharmacogenetics Research 
Network and Knowledge Base is financially supported by 
grants from NIGMS, NHLBI, NHGRI, NIEHS, NCI, and 
NLM within the National Institutes of Health (NIH). 



NDF-RT in PharmGKB
Two Versions

File 1: Initial version 
85 MB

File 2: Updated version
95 MB
New additions:

Codes
Ids
Search names
More classification information



Concept Def <name>ASPIRIN 325MG TAB [NDC: 00839676409] </name>
<conceptDef>
<name>ASPIRIN 325MG TAB [NDC: 00839676409]</name>
<namespace>NDF</namespace>
<primitive/>
<kind>DRUG_KIND</kind>
<definingConcepts>
<concept>ASPIRIN 325MG TAB</concept>
</definingConcepts>
<definingRoles>
</definingRoles>
<properties>
<property>
<name>NDC</name>
<value>00839676409</value>

</property>
<property>
<name>NDF_Trade_Name</name>
<value>ASPIRIN 325MG TABLET</value>

</property>
<property>
<name>PackageSize</name>
<value>250</value>

</property>
<property>
<name>PackageType</name>
<value>BOTTLE</value>

</property>
<property>
<name>Manufacturer</name>
<value>H L MOORE DRUG</value>

</property>
</properties>
</conceptDef>

<namespace>NDF</namespace>

<kind>DRUG_KIND</kind>

<concept>ASPIRIN 325MG TAB</concept>

FILE 1
<name>NDC</name>
<value>00839676409</value>

<name>NDF_Trade_Name</name>
<value>ASPIRIN 325MG TABLET</value>

<name>PackageSize</name>
<value>250</value>

<name>PackageType</name>
<value>BOTTLE</value>

<name>Manufacturer</name>
<value>H L MOORE DRUG</value>



<conceptDef>
<name>ASPIRIN 325MG TAB [NDC: 00839676409]</name>
<code>C133144</code>
<id>133145</id>
<namespace>0</namespace>
<primitive/>
<kind>3</kind>
<definingConcepts>
<concept>12797</concept>
</definingConcepts>
<definingRoles>
</definingRoles>
<properties>
<property>
<name>49</name>
<value>ASPIRIN 325MG TABLET</value>
</property>
<property>
<name>55</name>
<value>250</value>
</property>
<property>
<name>75</name>
<value>ASPIRIN 325MG TAB [NDC: 00839676409]</value>
</property>
<property>
<name>57</name>
<value>BOTTLE</value>
</property>
<property>
<name>53</name>
<value>H L MOORE DRUG</value>
</property>
<property>
<name>51</name>
<value>00839676409</value>
</property>
</properties>
</conceptDef>

<namespace>0</namespace>

<code>C133144</code>

FILE 2 <id>133145</id>

<kind>3</kind>

<name>49</name>
<value>ASPIRIN 325MG TABLET</value>

<name>55</name>
<value>250</value>

<name>57</name>
<value>BOTTLE</value>

<name>53</name>
<value>H L MOORE DRUG</value>

<name>51</name>

<value>00839676409</value>



Processing to Reveal Contents

1. Definitions
2. ID and name for decoding
3. Kinds
4. Cardinality



6 “Kind” Definitions

DRUG_KIND
INGREDIENT_KIND
FUNCTION_KIND
PHARMACOKINETICS_KIND
DISEASE_KIND
HL7_DOSE_FORM_KIND



6 “Role” Definitions

DRUG may_treat DISEASE
DRUG has_Ingredient INGREDIENT
DRUG has_MoA * FUNCTION
DRUG has_PE * FUNCTION
DRUG has_PK * PHARMACOKINETICS
DRUG has_DoseForm HL7_DOSE_FORM

*has_MoA = has Mechanism of Action 
*has_PE     = has Physiologic Effect
*has_PK    = has Pharmacokinetics

Legend:



25 “Property” Definitions
NDF_Strength
NDF_Units
SNF_Strength
SNF_Units
SNF_SCDC
NDF_Dose_Form
NDF_ROA
VA_Class
VA_Class_Name
NDF_Print_Name
SNF_SCD
NDF_Trade_Name
NDC

Manufacturer
PackageSize
PackageType
MeSH_UI
Synonym
Included_MeSH_UIs
UMLS_CUI
MeSH_Definition
Status
Last_Revised
Comment
Search_Name



123,341 “Concept” Definitions
(Examples)

Diseases or Manifestations (DISEASE_KIND)
Infectious Diseases (DISEASE_KIND)
Absorption (PHARMACOKINETICS_KIND)
Cytochromes (PHARMACOKINETICS_KIND)
Immunological Activity (FUNCTION_KIND)
Analgesics, Opioid (FUNCTION_KIND)
ALBUMIN PREPARATION (DRUG_KIND)
ALBUMIN (INGREDIENT_KIND)
ORTHO-NOVUM 1/35 TAB,21 (DRUG_KIND)
ETHINYL ESTRADIOL (DRUG_KIND)
PREDNISONE 5MG TAB [NDC: 00615053621] (DRUG_KIND)
PREDNISONE 5MG TAB [NDC: 00677011701] (DRUG_KIND)



Processing to Reveal Contents

1. Definitions
2. ID and name for decoding
3. Kinds
4. Cardinality



Current time: Sun Apr 21 10:42:49 2002
Perl script: extractIDName.pl
Input file: apelon2.xml
Output file: outputIDName.txt

ID NAME
3 DRUG_KIND
5 INGREDIENT_KIND
7 FUNCTION_KIND
9 PHARMACOKINETICS_KIND
11 DISEASE_KIND
13 HL7_DOSE_FORM_KIND
15 has_Ingredient
17 has_MoA
19 has_PE
21 has_PK
23 may_treat
25 has_DoseForm
27 NDF_Strength
29 NDF_Units
31 SNF_Strength



Processing to Reveal Contents

1. Definitions
2. ID and name for decoding
3. Kinds
4. Cardinality



Current time: Wed Apr 24 17:46:27 2002
Perl script: countEachKind.decode.pl
Input file: apelon2.xml
Output file: outputCountEachKind.decode.txt

There are 58 occurrences of PHARMACOKINETICS_KIND.
There are 3997 occurrences of DISEASE_KIND.
There are 113971 occurrences of DRUG_KIND.
There are 154 occurrences of HL7_DOSE_FORM_KIND.
There are 4759 occurrences of INGREDIENT_KIND.
There are 402 occurrences of FUNCTION_KIND.

Total number of concepts = 123341
Sum of occurrences of each kind = 123341



Processing to Reveal Contents

1. Definitions
2. ID and name for decoding
3. Kinds
4. Cardinality



Cardinalities of Roles

1has_DoseForm

0has_PK

9has_PE

4has_MoA

4has_Ingredient

10may_treat



Cardinalities of Properties (Part 1 of 2)

2NDC
3NDF_Trade_Name
2SNF_SCD
1NDF_Print_Name
3VA_Class_Name
6VA_Class
11NDF_ROA
4NDF_Dose_Form
2SNF_SCDC
2SNF_Strength
1NDF_Units
1NDF_Strength



Cardinalities of Properties (Part 2 of 2)

?Search_Name
0Comment
0Last_Revised
1Status
2MeSH_Definition
1UMLS_CUI
1Included_MeSH_UIs
3Synonym
2MeSH_UI
2PackageType
2PackageSize
2Manufacturer
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