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Abstract

The Pharmacogenomics Knowledgebase (PharmGKB) is an integrated online knowledge resource
for the understanding of how genetic variation contributes to variation in drug response. Our focus
includes not only pharmacogenomic information useful for clinical implementation (e.g., drug
dosing guidelines and annotated drug labels), but also information to catalyze scientific research
and drug discovery (e.g., variant-drug annotations and drug-centered pathways). As of April 2021,
the annotated content of PharmGKB spans 715 drugs, 1761 genes, 227 diseases, 165 clinical
guidelines, and 784 drug labels. We have manually curated data from more than 9000 published
papers to generate the content of PharmGKB. Recently, we have also implemented an automated
natural language processing (NLP) tool to broaden our coverage of the pharmacogenomic
literature. This article contains a basic protocol describing how to navigate the PharmGKB website
to retrieve information on how genes and genetic variations affect drug efficacy and toxicity. It
also includes a protocol on how to use PharmGKB to facilitate interpretation of findings for a
pharmacogenomic variant genotype or metabolizer phenotype. PharmGKB is freely available at
http://www.pharmgkb.org.
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INTRODUCTION

Pharmacogenomics (PGX) is the study of how genetic variation contributes to variation

in drug response. Driven by technology advancements in the post-genomic era,
pharmacogenomics research has the potential to optimize drug efficacy and minimize
toxicity. It bridges the gap between the scientific discoveries and clinical applications, and
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offers the exciting promise of precision medicine. The Pharmacogenomics Knowledgebase
(PharmGKB; http://www.pharmgkb.org) was established in 2000 to collect, curate, and
disseminate knowledge about pharmacogenomics from a number of sources, including

the scientific literature, drug labels, and clinical guidelines (Klein & Altman, 2004;
Whirl-Carrillo et al., 2012). It is the central knowledge repository for pharmacogenomics
information including drug dosing guidelines, drug label annotations, clinical and variant
annotations, drug-centered pathways, pharmacogene summaries, and relationships among
genes, drugs, and diseases.

PharmGKB serves diverse user groups from both the clinical and scientific communities.

It provides comprehensive and integrated drug, gene, variant, and disease information to
pharmacologists, clinical investigators, biologists, and informaticians, as well as general
public. The PharmGKB homepage has been designed in a way that highlights the primary
interests of most users. All PharmGKB data is now freely available through a Creative
Commons license, with no user registration required to view our content. PharmGKB is also
an excellent educational portal for any person who is new to pharmacogenomics. We provide
short “guided page tour” and training exercises (https://api.pharmgkb.org/v1/download/file/
attachment/PharmGKB_Training_Exercises.zip) on how to use the website. We also provide
lecture materials, tutorials, and useful links intended to help users familiarize themselves
with the fundamental concepts of pharmacogenomics research and how the information is
used clinically.

The protocols in this article describe how to use PharmGKB to browse and understand
pharmacogenomic knowledge. Basic Protocol 1 walks a user through the PharmGKB
homepage, helping users familiarize themselves with the content of PharmGKB and how
to conduct basic searches. Basic Protocol 2 describes how to use PharmGKB to facilitate
interpretation of pharmacogenomic variant genotypes or metabolizer phenotypes.

BASIC PROTOCOL 1
NAVIGATING THE HOMEPAGE OF PharmGKB AND SEARCHING BY DRUG

This protocol will introduce the basic techniques used for searching and browsing the
content on the PharmGKB. It starts with a quick tour of the PharmGKB home page. Then,
it walks through an example, searching by the drug “clopidogrel” and find the associated
genes, variants, prescribing information, pathways and annotations.

Necessary Resources

Hardware: Computer with an Internet connection
Software: An up-to-date Web browser (such as Google Chrome, Firefox, or Safari)

Files. No input files required
1. Open the PharmGKB homepage at http://www.pharmgkb.org in a web browser.

The PharmGKB homepage is the common entry point for all users. It has
been designed to highlight the types of information that are most sought after
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by diverse groups of users, providing short cuts to drugs, pathways, dosing
guideline annotations, and drug label annotations (Fig. 1). The principal content
of PharmGKB s listed in Table 1. The main search bar sits at the top of

the page where a user can enter drugs, genes, variants, or combinations of

these terms for a Google-type query. Prominently displayed in the center of

the homepage are clickable icons that provides short cuts to drugs, pathways,
dosing guidelines, and drug label annotations, as well as the summary statistics
for them within the PharmGKB knowledge base. Right below the icons is

a diagram where someone new to pharmacogenomics can click on “What is
Pharmacogenomics?” (https://www.pharmgkb.org/whatlsPharmacogenomics) to
learn about basic genetics and pharmacogenomics concepts, or “Learn more
about PharmGKB?” (https://www.pharmgkb.org/whatlsPharmgkb) to learn about
various features at PharmGKB. There is also a link to an interactive “Page tour”
(https://www.pharmgkb.org/?tour=true) at the top of the homepage under “Help.”

Click on the icon “Drug Label Annotations” in the left hand of the homepage
to browse the list of labels annotated with a pharmacogenomics summary (Fig.
2).

As drug labels began to include information about how to adjust drug
prescribing based on a person’s genotype or metabolizer phenotype, PharmGKB
correspondingly annotated international labels from the U.S. Food and Drug
Administration (FDA), European Medicines Agency (EMA), Swiss Agency
of Therapeutic Products (Swissmedic), Pharmaceuticals and Medical Devices
Agency, Japan (PMDA,) and Health Canada (Santé Canada) (HCSC). Figure 2
provides an overview of PharmGKB’s annotation of drug labels. By showing
these international drug labels side by side, it gives a comparable summary

on how different agencies provide PGx information within their labels. If

the label provides a dose adjustment based on gene/protein/chromosomal
variants or phenotypes, the label annotation is tagged with a “Dosing info”
tag. For example, the FDA label for aripiprazole (https://www.pharmgkb.org/
labelAnnotation/PA166104839) is tagged with “Dosing info” because the label
states that CYP2D6 poor metabolizers taking aripiprazole should have their
dose reduced by 50%. If the label states that a drug is either indicated

or contraindicated for a particular set of patients based on gene/protein/
chromosomal variants or phenotypes, the “Alternative Drug” tag is applied to
the label annotation (e.g., FDA label for abacavir, https://www.pharmgkb.org/
label Annotation/PA166104833, is tagged this way because the label states that
abacavir is contraindicated in patients with the HLA-B*5701 allele due to risk
for hypersensitivity reactions.)

Type the drug name clopidogrel in the search box, then click Enter.

Drugs can be searched for by either typing the drug’s generic name or trade
name in the search box, or, by clicking on the “annotated drugs” icon from the
home page and then browsing through the alphabetically sorted drug list. The
search function of PharmGKB uses an autocomplete service to make suggestions
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as the user types. If no result is returned, try a synonym or partial name. Both
alternative names and other symbols that might have been used in the literature
for drugs or genes are included in PharmGKB.

4. Open the clopidogrel drug page (Fig. 3).

PharmGKB drug, gene, disease and variant pages are structured similarly,

with the navigation pane on the left. The “overview” tab includes information

on chemical structure of the drug, alternative names used, and metabolites,

as well as details such as molecular properties and short summaries of
pharmacokinetics (PK), pharmacodynamics (PD), and pharmacogenomics (PGXx)
for drugs that have been well-studied in pharmacogenomics. Additional tabs
include prescribing info, drug label annotations, clinical and variant annotations,
literature, pathways, automated annotations, links, and downloads. The user can
click on each section on the left to retrieve specific information for the drug of
interest.

5. Click on the “Prescribing Info” tab from the navigation pane on the left to
access information regarding drug dose or therapy adjustments based on genetic
information for clopidogrel (Fig. 4).

The prescribing information may come from clinical guidelines for how to adjust
treatment of certain medications based on a person’s genetic information, drug
labels that have prescribing recommendations based on a particular genotype/
metabolizer phenotype, and Rx annotations from publications.

6. Under Source “Clinical Pharmacogenomics Implementation Consortium”
(CPIC), click the “Read Now” button to access dosing guidelines for clopidogrel
published by CPIC (Fig. 5).

PharmGKB annotates clinical dosing guidelines published by professional
societies such as the Clinical Pharmacogenetics Implementation Consortium
(CPIC), the Royal Dutch Association for the Advancement of Pharmacy—
Pharmacogenetics Working Group (DPWG), the Canadian Pharmacogenomic
Network for Drug Safety (CPNDS), or other professional society. The dosing
guidelines are curated manually by PharmGKB curators to highlight the
prescribing recommendations based on a patient’s genotype or metabolizer
phenotype, with excerpts from the guidelines and links to the underlying
evidence and the associated genes and drugs. In addition to the information
directly provided by the guidelines, PharmGKB provides an interactive

allele picker that allows specific alleles/genotypes to be selected from pull-
down menus, and then provides the resulting inferred phenotype (e.g., ultra-
metabolizer), associated dosing advice, and strength of the recommendation.
PharmGKB has also created video explanations of a number of CPIC guidelines,
embedded from a dedicated YouTube channel.

7. Click on the “Drug L abel Annotations” tab from the navigation pane on the left
to access label annotations from regulatory agencies around the world (Fig. 6).
Click on the “View Drug Label Annotation Legend” to see a detailed description
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of the sources, and definition of PGx levels and tags. Click on “Read now
next to “U.S. Food and drug Administration” to access the individual label
annotations from the FDA.

The “Drug Label Annotations” tab lists annotations on medication labels

that contain PGx information. The label annotations include a brief

summary of the PGx in the label, an excerpt from the label, and a
downloadable highlighted label PDF file. The annotated labels are also

tagged with “PGx Level” (“Testing required,” “Testing Recommended,”
“Actionable PGx,” and “Informative PGx”; https://www.pharmgkb.org/page/
drugLabellLegend#pgx-level) to indicate the PharmGKB interpretation of the
level of action implied in each label. The “Prescribing” section of the
annotation captures guidance from the label for patients with a particular
genotype or metabolizer phenotype. For U.S. FDA labels, the annotation

also includes information on whether the label is on the FDA’s Table of
Pharmacogenomic Biomarkers in Drug Labeling (https://www.fda.gov/drugs/
science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling).
We recently also added a section a section on information from

the Table of Pharmacogenetic Associations (https://www.fda.gov/medical-
devices/precision-medicine/table-pharmacogenetic-associations) curated by the
FDA. Furthermore, we have developed a new landing page (https://
www.pharmgkb.org/fdaLabel Annotations) specifically for FDA-approved drug
label annotations that can be sorted and filtered by different criteria in the
column headings, e.g., by genes, drugs, PGx levels, or the prescribing tags.

Click on the “Clinical Annotations” tab from the navigation pane on the left to
access clinical annotations for clopidogrel. The clinical annotation table can be

sorted and/or filtered by evidence level, variant, gene, type, or phenotype. Click
on “Read Now” to access the clinical annotations for CYP2C19 *1, *2, *3, *4,

*5, *6, *8 and clopidogrel response (Fig. 7)

For more details on clinical annotation, see Basic Protocol 2.

Clinical annotations summarize all of PharmGKB’s annotations of published
literature for the relationship between a particular genetic variant and a
medication. They are given a rating by PharmGKB depending on how much
published evidence there is for a relationship found in PharmGKB, and the
consistency and quality of that evidence. Clinical annotations are based on
variant annotations in PharmGKB, as well as prescribing information from
dosing guidelines and FDA labels. Clinical annotations are also tagged with the
relevant drug, phenotype, and broad phenotypic categories of toxicity, dosage,
efficacy, PD, or metabolism/PK.

Click on the “Variant Annotations” tab from the navigation pane on the left to
access variant annotations for clopidogrel. The variant annotation table can be
sorted and/or filtered by variant, molecules, p-value, study size, ethnicities, etc.
Click on “24762860” under column “PMID” to see the list of variant annotations
for that specific article.
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Variant annotations are summaries of a genetic association between a single
variant and a specific drug response (metabolism, efficacy, dose or toxicity)
from a single publication. PharmGKB curators routinely scan pharmacogenomic
literature, curating these associations and adding the information to PharmGKB.
A single paper can by annotated with multiple variant annotations if multiple
variants and/or phenotypes are investigated in the study. Sometimes variant
annotations also document cases where no association is found between a variant
and drug from the literature. It’s important to capture negative findings, as they
also contribute to the overall evaluation of the evidence base between a variant
and drug response phenotype. Clinical annotations are built upon summaries

of variant annotations along with other variant-specific prescribing information.
The associations that are less consistent across different studies are likely to be
assigned a lower level of evidence. All variant annotations include a summary
sentence constructed from standardized vocabularies. Curators can add additional
notes or description of the findings as free text to appear below the summary
sentence. Variant annotations are also tagged with a broad phenotypic category
of toxicity, dosage, efficacy, PD, or metabolism/PK, and often include additional
parameters about study size, cohort description, statistical significance, and
ethnicity information. At the bottom of the variant annotation page, the history
section describes when the annotation was created and if or when the annotation
was changed or edited.

Click on the “Pathways” tab to view all pathways associated with clopidogrel.
Click on “Clopidogrel Pathway, pharmacokinetics (PK)” to view the simplified
diagram of genes/proteins involved in the metabolism of clopidogrel (Fig. 8).

The interactive drug-centered pathways displayed on PharmGKB provide

an overview of how genes are involved in the pharmacokinetics (PK) and
pharmacodynamics (PD) of drugs. Our pharmacokinetics (PK) pathways
describe candidate genes involved in the absorption, distribution, metabolism,
and excretion of a given drug, while the pharmacodynamic (PD) pathways
illustrate the physiological effects of the drug, its mechanism of action and
possible side effects. The pathway diagrams use standard shapes and colors

to represent genes, metabolites, drugs, and interactions. All genes and drugs

on the pathway diagram are clickable. If the user clicks on these objects, the
PharmGKB gene or drug page opens in a new browser window. Below the
pathway picture is a “Description” of the pathway that describes the complex
gene-drug relationships depicted in the pathway diagram. The pathway authors
and the date of the most recent update are listed below the text of the description
on the bottom of the pathway diagram. There is a section for components, related
pathways, and downloads in the navigation pane on the left. If PharmGKB

has both PK and PD pathways for a given drug, the user will find them

under “Related pathways.” Under “Downloads,” the user can download pathway
diagrams in both Adobe Illustrator and pdf formats. Pathway data can also

be downloaded in tsv, bioPax, or GPML formats. In addition to being freely
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available on the website, PharmGKB VIPs and pathways are also typically
featured in the journal “Pharmacogenetics and Genomics.”

11.  Click on “Automated annotations” to see a list of annotations derived from
a text-mining system that has scanned sentences in the literature (Fig. 9). The
annotation highlights a chemical and a variation in a sentence that likely involves
pharmacogenomic information.

In order to broaden our coverage of the ever-expanding pharmacogenomic
literature, we have developed an automated NLP/text mining tool (PGxMine)
to computationally extract possible variant-drug relationships from abstracts in
PubMed or full-text articles in PubMed Central (Lever et al., 2020). These
annotations use completely computational methods to find variants, drugs, and
their associations, and have not been reviewed by a curator to check their
accuracy. The sentences are extracted from abstracts in PubMed and full-text
articles from the PubMed Central Open Access subset and Author Manuscript
Collection.

12.  Under the “Links & Downloads” tab, click on links to go to external databases
where addition information on clopidogrel may be found.

PharmGKB has established bidirectional links with many leading gene, protein,
and drug resources, such as NCBI PubChem, ChEBI, RxNorm, Entrez Gene,
GeneCards, UniProtKB, and DrugBank, etc.

BASIC PROTOCOL 2

SEARCHING BY VARIANT/HAPLOTYPE TO FACILITATE UNDERSTANDING OF THE IMPACT
OF A GENETIC VARIATION ON DRUG RESPONSE

Direct-to-consumer genetic testing has become more widely available, and many people
may have their genetic testing results in hand or have previously had their genome
sequenced. The interpretation of genotyping results remains a challenge as more and more
new evidence emerges. Many variants included in the tests on the market have varying
levels of evidence to support their clinical relevance. Some may have an abundance of
consistent clinical findings to support the claim, while others may either lack clinical data
backing the claim or have disagreements about the role of the genetic variants contributing
to a drug response phenotype. This protocol will introduce the basic techniques used for
searching PharmGKB with a specific variant/haplotype to find out how it may impact the
function of the gene and which drug therapies might be affected, as well as the level of
confidence for a specific drug-variant association. We will use genotype calls on a specific
SNP (rs4149056) and a diplotype call on a star allele (e.g., CYP2C9*3/*3) as examples. We
will also demonstrate how to perform searches using combination of search terms.

Necessary Resources

Hardware: Computer with an internet connection

Software: An up-to-date Web browser including Google Chrome, Firefox, or Safari
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. No input files required

Go to the PharmGKB homepage at http://www.pharmgkb.org in a web browser.

Enter variant 1D rs41419056 in the search box. Open the variant page for
“rs4149056.”

PharmGKB drug, gene, disease, and variant pages are structured similarly, with
the navigation pane on the left. The “Overview” tab includes information on
associated genes, aliases, and genome locations on human genome assembly
GRCh38 and 37, as well allele frequencies.

Rs4149056 (¢.T521C, p.V174A) is a nonsynonymous polymorphism in the
SLCO1BL1 gene, which encodes the organic anion—transporting polypeptide
OATP1BL1 that mediates the hepatic uptake of various drugs, including most
statins and statin acids. This variant markedly decreases OATP1B1 function.
Studies show that patients carrying the variant allele (C) tend to have higher
circulating concentrations of drugs metabolized by OATP1B1 than patients
carrying two reference alleles (TT). Many statins are substrates of OATP1B1,
but to different degrees, which partially contributes to the varying responses to
different statins in patients carrying the rs4149056 variant allele.

Click on the “Prescribing Info” tab from the navigation pane on the left to
access dosing guidelines or drug labels that have specific prescribing information
related to this variant.

The prescribing information may come from clinical guidelines for how to

adjust treatment of certain medications based on a person’s genetic information,
or drug labels that have prescribing recommendations based on a particular
genotype/metabolizer phenotype. For “rs4149056,” you can find dosing guidance
(https://www.pharmgkb.org/variant/PA166154579/guidelineAnnotation) based
on rs4149056 from multiple clinical dosing guidelines (e.g., CPIC, DPWG and
PRO) and drug labels for multiple statins.

Click on the “Clinical Annotations” tab from the navigation pane on the left
to access clinical annotations associated with this variant. This table provides
a good overall idea of the list of drugs that might be impacted by this

genetic variation, whether the variation may influence the efficacy, toxicity or
metabolism of the drug, and how strong the level of evidence is. The clinical
annotation table can be sorted and/or filtered by evidence level, variant, gene,
drug, or phenotype category. More information about the criteria for level of
evidence can be accessed by clicking on the “i” next to the evidence level.

Click on the funnel icon “show filter” to enable the filter option for the clinical
annotation table. To view the list of toxicity-related clinical annotations for this
variant for statins, enter whole or part of word toxicity under column “type,” and
statin under “Molecule” (Fig. 10).

Clinical annotations provide a summary for the association between a particular
variant and drug, and are based on aggregated evidence from multiple variant
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annotations, as well as actionable clinical guidelines and drug labels with
variant-specific recommendations. PharmGKB scientific curators manually
review the evidence to create genotypeor haplotype-based summaries describing
the phenotypic impact of the variant(s). Each clinical annotation is assigned a
level of evidence (LOE) for the strength of these assertions. As new evidence
emerges and is added to the clinical annotation, the level of evidence is
reassessed. The level of evidence is clearly displayed, and users can click on

the “i” icon to be taken to the page explaining the clinical annotation levels of
evidence. Clinical annotations are also tagged with the relevant drug, phenotype,
and broad phenotypic categories of toxicity, dosage, efficacy, or metabolism/PK.
A disclaimer is included in every clinical annotation description to highlight that
other genetic and clinical factors may affect this association.

Clinical annotations fall into two primary categories: variant-level clinical
annotations written on a single genetic locus (e.g., an rsID, as is the case for
rs4149056), and gene-level clinical annotations written on haplotypes or star (*)
alleles of a gene (e.g., CYP2C9*3, as demonstrated in step 9).

The clinical annotation search result for rs4149056 demonstrates that this variant
is associated with statin-induced toxicity for multiple statins. However, the levels
of evidence differ among them. The association with simvastatin and atorvastatin
is currently at level 1A (score =80), with simvastatin associated with both CPIC
and DPWG dosing guide lines and atorvastatin with the DPWG guidelines,
suggesting a high level of evidence for the association. The association with
other statins, e.g., pravastatin, fluvastatin, and rosuvastatin, is currently at level

3 (score -3-8), with conflicting evidence being reported from different studies,
indicating a lower level of evidence for the association.

To find out more details about how we curate clinical annotations and the
criteria for level of evidence, please check out https://www.pharmgkb.org/page/
clinAnnLevels.

Click on the “Read Now” button to access the variant-level clinical annotation
for rs4149056 and simvastatin-related toxicity (Fig. 11).

Pharmacogenomic variants in the cytochrome P450 genes are often referred to
as * (star) alleles. To find pharmacogenomic information related to a particular
genotype or diplotype on * alleles, enter the haplotype name CYP2C9*3 in the
search box.

To find pharmacogenomic information related to a particular genotype or
diplotype, users can either use the gene symbol or haplotype name in the search
box to start.

Click on “Prescribing Info” tab in the left navigation pane to pull up drug-
prescribing information related to CYP2C9*3.

Currently, there are 14 clinical dosing guideline annotations for gene CYP2C9
from CPIC, DPWG, and other professional societies. There are also FDA and
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EMA drug labels that specifically talk about possible changes of dose or therapy
based on genotypes containing CYP2C9*3,

8. To find the metabolizer phenotype status for CYP2C9*3/*3, open a CPIC
guideline annotation page for CYP2C9. PharmGKB enhances the CPIC
guidelines by providing an interactive allele picker that allows specific
alleles/genotypes to be selected from pull-down menus, and then provides the
resulting inferred phenotype, associated dosing advice, and strength of the
recommendation. Click on “Read Now” for “Annotation of CPIC Guideline for
celecoxib, flurbiprofen, ibuprofen, lornoxicam and CYP2C9”. Enter “*3” “*3”
under “Pick allele for CYP2C9”; this will retrieve inferred metabolizer status, as
well as implications and recommendations for CYP2C9*3/*3 and NSAIDs drugs
celecoxib, flurbiprofen, ibuprofen, and lornoxicam (Fig. 12).

9. Going back to the CYP2C9*3 page, click on “Clinical Annotation” in the
left navigation pane to pull up the list of clinical annotations associated with
CYP2C9*3. Click on the “Read Now” button to read gene-level clinical
annotations written on haplotypes or star alleles of a gene (Fig. 13). Gene-level
clinical annotations include phenotype descriptions for all alleles referenced by
the supporting variant annotations. Allele functional status assigned by CPIC
may also be displayed next to the alleles if available.

10.  To conduct a combination search for a gene/variant AND a drug, first enter one
term (e.g., VKORCY) in the search box and open that page. When on the page
of the first term, enter the second term in the search box (e.g., warfarin) and hit
Return. This will filter search results for items that contain both search terms.
Please note that search terms on PharmGKB are primarily genes, variants, drugs,
and diseases (or phenotypes). Click on “clinical annotation” to open a page
containing all clinical annotations for the warfarin and VKORC1 combination
(Fig. 14).

COMMENTARY

Background Information

PharmGKB began as the central data repository for the Pharmacogenetics Research Network
(PGRN) and scientific community at large in 2000 (Giacomini et al., 2007; Long, 2007).

It is designed to be a publicly available knowledge base with scientifically documented
information connecting drug response phenotypes to genotypes. Over the past 20 years

of development, PharmGKB has become a critical infrastructure for precision medicine.

We have developed a comprehensive catalog of genes and genetic variations essential

to drug response phenotypes. Our clinical and variant annotations are manually curated
from peer-reviewed publications, linked to their evidence of support, and tagged with
systematic ratings for the level of evidence. PharmGKB continuously summarizes important
pharmacogenomic genes, drug-centered pathways, and associations between genes, drugs,
and diseases. In addition to serving the research community, PharmGKB has greatly
expanded PGx-related prescribing information to facilitate clinical implementation. As of
April 2021, we have annotated 165 clinical dosing guidelines and 784 drug labels from the
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U.S., Europe, Switzerland, Japan, and Canada. PharmGKB also works with PGx consortia
to examine important questions in pharmacogenomics. PharmGKB currently houses variant
data associated with more than 1700 genes and 700 drugs, as well as greater than 9000
manually curated literature annotations, 153 drug-centered pathways of pharmacokinetics
(PK) and pharmacodynam ics (PD), and 68 VIP gene summaries. Our comprehensive
database makes it easier and faster for our diverse users to access key pharmacogenomic
information without repeating searches in separate sources.

Manual expert curation has always been the gold standard in curating scientific literature.
However, advances in technology have led to the exponential growth of literature, and

it has been a huge challenge for manual curation to keep up with the rapid increase

in information. There is an indisputable need for computational approaches to assist

the curation process. At PharmGKB, we have been actively exploring natural language
processing (NLP)/text mining approaches to help with the curation process to improve
accuracy, coverage, and productivity. We have published multiple papers on identifying
and extracting pharmacogenomic concepts and relationships from full text (Coulet, Shah,
Garten, Musen, & Altman, 2010; Garten & Altman, 2009; Garten, Coulet, & Altman,
2010; Garten, Tatonetti, & Altman, 2010); the PharmGKB database has also been used
repeatedly as the gold standard for evaluation of various text-mining tools in biomedical
research (Guin et al., 2019; Mahmood et al., 2017; Monnin et al., 2019; Pakhomov et al.,
2012; Ravikumar, Wagholikar, & Liu, 2014; Yang & Zhao, 2019). More recently, we have
developed a supervised machine learning pipeline (PGxMine) to computationally extract
possible variant-drug relationships from abstracts in PubMed or full-text articles in PubMed
Central (Lever et al., 2020). PGxMine uses a text alignment process to identify mentions
of drugs, genes, and variants in the text from data sources such as PubMed and PubTator
Central. A supervised classifier is then trained and applied to all sentences accessible from
PubMed abstracts and PubMed Central full-text papers to extract drug-variant associations.
PGxMuine identified more than 20,000 mentions of pharmacogenomic associations across
7170 papers and over 400 drugs. We have integrated the results of PGxMine into the
PharmGKB knowledge base (as shown in Basic Protocol 1, step 11) and are currently
developing tools to help triage papers for manual curation.

Despite challenges in clinical adoption, pharmacogenomics has been slowly incorporated in
various clinical settings (Burt & Dhillon, 2013; Weng, Zhang, Peng, & Huang, 2013). To
meet the increasing need of pharmacogenomics information from the clinical community,
we have started developing a couple of domain-specific portals with specific clinical
interests (e.g., cancer and COVID-19). Our “Cancer pharmacogenomics” portal (https://
www.pharmgkb.org/page/cancerPgx) provides quick links to the important pharmacogenes
for cancer research and cancer drug pathways illustrating the pharmacokinetics and
mechanisms of action of the drug. It also lists cancer-related drug labels where
pharmacogenomic biomarkers are used in diagnostic tests to select treatment or are
predictive of response to treatment. Our portal for “Therapeutic Resource for COVID-19”
(https://lwww.pharmgkb.org/page/COVID) contains annotation of therapeutic drugs from
clinical trials and adjuvant therapies linking to associated genes and variants. This resource
aims to assemble possible pharmacogenomics considerations that may impact drug choice
for either the treatment of COVID-19 or the use of adjuvant therapies, including possible
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changes in drug metabolism or efficacy, as well as implied risks of side effects or drug-
drug interactions. Given the rapidly changing landscape of COVID-19 research and several
large national COVID-19 trials currently evaluating pharmacogenomics, we are constantly
updating this resource as new information comes to our attention.

PharmGKB has forged strategic relationships with many key stakeholders of precision
medicine, e.g., CPIC, ClinGen, ClinVar, PharmVar, ACMG, U-PGx, Emerge/lIgnite, and the
FDA. In August 2020, PharmGKB and CPIC have formalized a partnership with ClinGen
to bring PGx expertise to a resource that defines the clinical relevance of genes and variants
in the human genome. As of February 2021, 130 PGx genes curated by PharmGKB

and/or CPIC are listed on the ClinGen website, with backlinks to the PharmGKB and

CPIC websites for more detailed information. ClinGen displays all gene-drug pairs from
PharmGKB with Level 1 and 2 clinical annotations, along with links to the relevant
PharmGKB drug page and all PharmGKB clinical annotations for that gene-drug pair. We
have also initiated the process of obtaining FDA recognition for PharmGKB level 1 and 2
clinical annotations under the FDA recognition of genomic databases.

Pharmacogenomics is a rapidly evolving field with many unmet challenges in translating
the scientific findings in pharmacogenomics to clinical practice. However, the increasing
understanding of how a person’s genetic makeup can influence his or her response to

drugs provides the opportunity to improve the drug development process and deliver

more effective and safer therapy for individual patients. As the largest PGx knowledge
repository providing free and stable access to comprehensive information on the impacts of
human genetic variation on drug responses, PharmGKB will continue to work closely with
the PGx research and medical communities to catalyze scientific discoveries and clinical
implementations, as well as empower public engagement with their genetic information.

Critical Parameters and Troubleshooting

PharmGKB is designed to be a valuable resource for both expert researchers in the
pharmacogenomics field, as well as for novice users and the general public. PharmGKB’s
homepage prominently displays the information that our users are looking for most
frequently with a distinct icon system to represent different data types and knowledge.
Typical searches conducted at PharmGKB are for information about drugs, genes, variants,
diseases, and pathways. Searches are normally conducted using the general search box.

If too many search results are returned, users can narrow the search with more specific
terms or add another search term (e.g., variant + drug name) in a combination search, as
demonstrated in Basic Protocol 2. If the user encounters difficulties in finding information
of interest, using alternative names or partial names, or loosening of the search criteria

is suggested. Please note that not all genes, chemicals, and variants in PharmGKB are
associated with annotations. If a gene, chemical, or variant is not annotated in PharmGKB,
it indicates that we currently have no pharmacogenomic information linked to that object.
Users can also use bulk downloadable files under the download tab to filter the data to

see exactly which genes, chemicals, and variants have been annotated in PharmGKB. If
users have difficulties with finding information on PharmGKB, the best way to resolve the
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problem is to send questions and concerns to feed-back@pharmgkb.org. Our scientific staff
will typically respond to the inquiry within 48 hr.

Understanding Results

The protocols described in this article are designed to give users a broad overview of the
content and capability of PharmGKB. In the basic protocols, we demonstrate how to use

a simple query on a drug or a variant to retrieve relevant annotations on how the genetic
variant might influence response to the drug. It is worth noting that this protocol did not
cover every aspect of the PharmGKB search capability. A more detailed instruction on how
to perform refined searches in PharmGKB can be accessed at https://www.pharmgkb.org/
page/searchingPharmgkb.

Primary pharmacogenomics literature is the cornerstone of our curation efforts. PharmGKB
curators routinely scan a set of high-impact pharmacogenomics journals and annotate drug-
variant associations to form variant annotations. A variant annotation is a single sentence
that describes a single finding from a single publication. PharmGKB curators will also

add information about the study to the variant annotation (e.g., study type, sample size,
ethnicity, and statistical significance). Please note that findings are reported exactly as they
are presented in the original paper; we do not carry out any data interpretation on variant
annotations. Variant annotations also document published reports of no association found
between a variant and drug. Variant annotations are systematically scored in a five-step
process based on study attributes and aggregated into clinical annotations which are assigned
a level of evidence (LOE) based on a sum of scores from all supporting evidence. All
clinical annotations will have at least one variant annotation as supporting evidence, and
may also include variant-specific prescribing information from clinical dosing guidelines
and FDA drug labels. Each piece of evidence will receive a score based on multiple factors.
The score for each clinical annotation is based on the sum of the scores for each supporting
variant annotation, guideline, and drug label. This score informs the assignment of an LOE
to the clinical annotation, and indicates the relative strength of the supporting evidence for
the assertion. This systematic and objective process ensures consistent levels of evidence
assignment based on curated literature across curators, and enables adjusted scoring and
LOE assignment as new evidence is added to clinical annotations. Sometimes conflicting
findings are reported for the same drug-variant associations; these are noted in our clinical
annotation when we summarize the findings, and the inconstant evidence will decrease the
overall score for the clinical annotation. The scoring of the variant annotations is not a
judgement of study quality; it is a metric used by PharmGKB when aggregating variant
annotations to create and update clinical annotations.

Clinically relevant/actionable pharmacogenomic information is also curated from drug
labels and dosing guidelines. PharmGKB curates dosing guidelines by extracting guideline
excerpts for gene-drug pairs and linking them to the underlying evidence and the associated
genes and drugs. Drug labels are annotated with the drug name, gene name, a short
summary sentence, a longer description that includes excerpts from the label, and, for

U.S. labels, whether or not the label is on the FDA’s Biomarker table (see Internet
Resources) or is mentioned in the FDA’s Table of Pharmacogenetic Associations (also see
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Internet Resources). Occasionally, there are differences in the prescribing guidance from
different clinical guidelines, or from different regulatory agencies around world. PharmGKB
presents the information from various sources but leaves it to the user to decide what
information to implement and how to prescribe medications. PharmGKB itself does not
make clinical recommendations. We also do not advocate for the use of recommendations
from one organization over another or recommend specific pharmacogenetic tests or testing
companies. It is the responsibility of the user to assess all of the available guidance and
come to their own conclusions.

PharmGKB is committed to adhere to the FAIR principles: Findable, Accessible,
Interoperable, and Reusable (“FAIR principles”; see Internet Resources). These principles
ensure that PharmGKB data is usable in a machine-readable format by other groups now
and in the future. We import vocabularies, chemical structures, allele frequencies, and gene
and variant location information from leading genomic and drug resources (e.g., NCBI,
dbSNP, HGNC, Ensemble, gnomAD, PubChem etc.). We annotate data with standard
vocabularies and ontologies (e.g., MeSH and RxNorm) that enable us to meet domain-
relevant community standards. To support findability and interoperability, PharmGKB
makes data available via APl in JSON-LD, a lightweight Linked Data format that supports
the creation of a network of standards-based, machine-readable data across websites. The
PharmGKB API and data are freely available under a Creative Commons Attribution
ShareAlike 4.0 International License and do—not require user registration. Any reuse or
redistribution of our data should be made available under the same terms of this license.
More information about our Data Usage Policy can be found at https://pharmgkb.org/page/
dataUsagePolicy and about the Creative Commons license at https://creativecommons.org/
licenses/by-sa/4.0/.

Time Considerations

The search function on PharmGKB normally returns results within a few seconds.
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Internet Resources

https://www.pharmgkb.org/ PharmGKB: The PharmGKB is a pharmacogenomics knowledge resource
that encompasses clinical information including clinical guidelines and drug labels, potentially
clinically actionable gene-drug associations, and genotypephenotype relationships.
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https://cpicpgx.org/ CPIC: The Clinical Pharmacogenetics Implementation Consortium (CPIC®) is an
international consortium of individual volunteers and a small dedicated staff who are interested in
facilitating use of pharmacogenetic tests for patient care. CPIC creates and curates freely available,
peer-reviewed, evidence-based, updatable, and detailed gene/drug clinical practice guidelines.

https://www.knmp.nl/patientenzorg/medicatiebewaking/farmacogenetica/pharmacogenetics-1/
pharmacogenetics DPWG: The Dutch Pharmacogenetics Working Group
(DPWG) aims to develop pharmacogenetics-based therapeutic (dose) recommendations
and to assist drug prescribers and pharmacists by integrating the recommendations
into computerized systems for drug prescription and automated medication surveillance.
https://www.fda.gov/drugs/science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-
labeling FDA table of PGx biomarkers in drug labeling: This table lists therapeutic
products from Drugs@FDA with pharmacogenomic information found in the drug labeling.

https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations FDA
table of pharmacogenetic associations: The FDA curated a table that lists pharmacogenetic
associations that they have evaluated and believe there is sufficient scientific evidence to suggest
that subgroups of patients with certain genetic variants, or genetic variant-inferred phenotypes (i.e.,
affected subgroup in the table below), are likely to have altered drug metabolism, and in certain
cases, differential therapeutic effects, including differences in risks of adverse events.

https://www.pharmvar.org/ PharmVar: The Pharmacogene Variation (PharmVar) Consortium is a
central repository for pharmacogene (PGx) variation that focuses on haplotype structure and allelic
variation.

https://www.go-fair.org/fair-principles/ FAIR principles (2021).

https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations Table of
Pharmacogenetic Associations (FDA).

https://www.fda.gov/drugs/science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-
labeling Table of Pharmacogenomic Biomarkers in Drug Labeling (FDA).
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Search PharmGKB

Search for a molecule, gene, variant, or combination

Therapeutic Resource for COVID-19

PharmGKB data are under a Creative Commons license. More details are in our Data Usage
Eolicy. Please cite PharmGK if you use our information or images.
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Figure 1.

The PharmGKB home page (http://www.pharmgkb.org).
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Drug Label Annotations

drug labels i phar approved by the US Food and Drug Administration (FDA), European Medicines Agency (EMA),
Swiss Agency of T Products (Swi i als and Medical Devices Agency, Japan (PMDA) and Health Canada (Santé Canada) (HCSC).

PharmGKB annotations provide a brief summary of the PGx in the label, an excerpt from the label and a downloadable highlighted label PDF file. The "Prescribing” section
of the annotation captures guidance from the label for patients with a particular if it exists. The "PGx Level” tag ("Testing required”,
“Testing Recommended”, “Actionable PGx" and “Informative PGx) is the PharmGKB interpretation of the level of action implied in each label. Other tags indicate if the
label provides dosing information or states that a drug is either indicated or contraindicated (“Alternate Drug”) based on genotype/metabolizer phenotype.

See the Jegend for more information about drug label sources, which labels are selected for annotation, PGx Levels and the tags described above. We welcome any
drug labels i PGx approved by the FDA, EMA, Swissmedic, PMDA, HCSC or other Medicine Agencies around the world -
please contact feedback.

& Download Table (TSV) ® Table Legend
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Figure 2.
Overview of drug label annotations.
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\:QDHARMGKB
@B clopidogrel

Overview

Prescribing Info

Drug Label Annotations
Clinical Annotations
Variant Annotations
Literature

Pathways

Related To

Automated Annotations

Links & Downloads

LICERICIY Add a term to make a combination.. Q =Menu @ Help

PRESCRIBING INFO DRUG LABEL ANNOTATIONS CLINICAL ANNOTATIONS PATHWAYS

B 11 g5 @45 P2

Structure

/" large version
& 3D version

source: PubChem

Type : Prodrug

Synonyms

Clopidogrel [Ban:Inn], Clopidogrel sulfate, Plavix

PharmGKB ID : PA449053

Pharmacogenetics

Cl is an oral agent prescribed to inhibit blood clots which can lead to heart attack and stroke. It is a prodrug that is
metabolized by CYP2C19 into active form. CYP2C19 gene variants are known to be associated with increased or decreased response to
clopidogrel.

Pharmacokinetics

Clopi must be i into an active ite by liver cy e P-450 enzymes. The conversion of clopidogrel to its
active metabolite requires two sequential oxidative steps. CYP1A2, CYP2B6, CYP2C9, CYP2C19 and CYP3A4/5 are enzymes involved in
the boli of clopid | [Articles:1510701, 11127873, 12485953, 17361128, 19812348]; (for further information see clopidogrel PK

pathway. In a competing metabolic reaction, about 85 % of the drug is hydrolyzed to an inactive carboxylic acid derivative by esterases
(CES1) [Articles:6943252, 10440420). ABCB1 is involved in the intestinal absorption of clopidogrel [Articles:17112805, 19106083].

Figure 3.

PharmGKB drug page for clopidogrel.
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oSS clopidogrel
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Drug Label Annotations
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Professional Saciety . Anngtation of PRO Guidsiine tor clonidgarel and CYPZC19

of FDA Label for

Excerpt from the clopidogrel (Plavix) drug label:

Consider use of another platelet P2Y12 inhibitor in patients identified as CYP2C19 poor metabolizers...

Continue reading Annotation of FDA Label for

of Swi ic Label for
The weak metabolism by CYP2C19 is associated with a reduced antiplatelet effect of clopidogrel. A higher dosage (initial dose 600 mg, followed by 150 mg/day) in slow metabolisers increases the
antiplatelet effect. The use of higher doses of in slow should be An iate dose for this patient population has not yet been determined in clinical outcome
studies.

Continue reading, Annotation of Swissmedic Label for el

Rx Study Annotations @

Rx study annotations are annotations on journal articles that provide drug dosing or drug based on

Rx Study Annotation for Acute coronary synd i Death, y Infarction, prasugrel, Stroke, ticagrelor, CYP2C19

Pharoy il ARReeach 1o Selecting, Iheragy.in Patignts With Acyte Coronar ngromes: The PHARMCLO Trigl.
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Main Findings

Patients with acute coronary syndrome (ACS) were randomly assigned to standard of care (STD) or a pharmacogenomic (PGx) arm. Those in the PGx arm were genotyped for rs1045642 (ABCBT), rs4244285

Figure 4.

PharmGKB Prescribing info tab under the drug page for clopidogrel.
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Annotation of CPIC Guideline for clopidogrel and CYP2C19

PharmGKB ID : PA166104948

Specify a genotype for specific annotations

Pick alleles for CYP2C19
2 ¥z v

Alleles not present in the above pull-down menus have no guideline recommendation.

Implications : Significantly reduced platelet inhibition; increased residual platelet aggregation; increased risk for
adverse cardiovascular events

Metabolizer Status : Poor Metabolizer
Phenotype (Genotype) : An individual carrying two no function alleles
Recommendation : Alternative antiplatelet therapy (if no contraindication); e.g., prasugrel, ticagrelor

Guideline Strength : Strong

Summary

The CPIC Dosing Guideline for clopidogrel recommends an alternative antiplatelet therapy (e.g., prasugrel, ticagrelor) for
CYP2C19 poor or intermediate metabolizers if there is no contraindication.

Annotation

v, s

ations app'y for putients with ecte corcary syndromu (ACSY
reutaness coronaey interventicn PO}

Watch on  [E9YouTube

This annotation is based on the CPIC® guideline for clopidogrel and CYP2C1S.

Figure5.
Example of PharmGKB clinical dosing guideline: The Clinical Pharmacogenetics

Implementation Consortium (CPIC) guideline for clopidogrel and CYP2C19.
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L clopidogrel

Drug Label Annotations

Overview

PharmGKB drug labels by the US Food and Drug Administration (FDA), European Medicines Agency
Piawciiting lofo L4 (EMA), Swiss Agency of Products and Medical Devices Agency, Japan (PMDA) and Health Canada (Santé Canada) (HCSC)
Drug Label Annotations > PharmGKB annotations provide a brief summary of the PGx in the label, an excerpt from the label and a downloadable highlighted label PDF file. The “Prescribing”

section of the annotation captures guidance from the label for patients with a particular genotype/metabolizer phenotype. if it exists. The "PGx Level” tag ("Testing
Clinical Annotations ° required”, “Testing Recommended”, "Actionable PGx™ and “Informative PGx) is the PharmGKB interpretation of the level of action implied in each label. Other tags

indicate if the label provides dosing information or states that a drug is either indicated or contraindicated ("Alternate Drug®) based on genotype/metabolizer
Variant Annotations ° phenotype.

See the legend for more information about drug label sources, which labels are selected for annotation, PGx Levels and the tags described above. We welcome any
Literature L4 drug labels cont PGx approved by the FDA, EMA, Swissmedic, PMDA, HCSC or other Medicine Agencies around the world -

please contact feedback.
Pathways L ]
Related To lvx VEL ¢ | | SOURCE ¢ GENES ¢ TTLE ¢
Automated Annotations ©

US. Food and Drug lion of FDA Label for
PGx P2C1!
Administration o 2 and CYP2C19

Links & Downloads

Drug Label PGx levels:

: ion of EMA Label f¢
-\4 — T cmes mcws

Annotation of FDA Label for clopidogrel and CYP2C19

Testing required

Read Now

Actionable PGx
Read
Informative PGx

[of

CIEETITIY) v ron semaher Ut 6 roscribing ke

PharmGKB ID : PA166104777

Summary

The FDA-approved drug label for clopidogrel (Plavix) wars that patients who are CYP2C19 poor metabolizers may have

clopidogrel

Drug Label Tags:
Dosing Info
Alternative Drug
Prescribing Info
Cancer Genome

diminished effectiveness of the drug as compared 10 patients with normal CYP2C19 function. The drug label says to pel for
Rex consider Use of a different platelet P2Y12 inhibitor in patients identified as CYP2C19 poor metabolizers.
Prescribing
Excerpt from the clopidogrel (Plavix) drug label

Consider use of another platelet P2Y12 inhibitor in patients identified as CYP2C19 poor metabolizers.

Figure®6.

An overview of the annotated drug labels for clopidogrel on the PharmGKB.
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clopidogrel

Overview

Prescribing Info L]
Drug Label Annotations )
Clinical Annotations ®)
Variant Annotations L]
Literature °
Pathways L ]
Related To

Automated Annotations L

Links & Downloads

Clinical Annotations

PharmGKB clinical annotations provide information about variant-drug pairs based primarily on variant and il i iant-specifi
prescribing gui from clinical gui and FDA-app drug labels, when available. Curators y review and create
based summaries describing the phenotypic impact of the variant. Each clinical ion is a Level of Evidence, which is generally informed by

the clinical annotation's score.

Note: Alleles in PharmGKB are mapped to the positive chromosomal strand. Therefore, variants in genes on the “minus* strand (eg. VKORC1) are
in i

" Show Fullscreen [ Edit Columns
—_—

LEVEL = VARIANT = GENE =

¥ show filter

CYP2C19*1,
CYP2C19%2,
CYP2C19°3,
Bl oo omen oo
CYP2C19°6,
CYP2C19°8,
CYP2C19°17

Acute coronary syndrome,
Diseases

Efficacy/Toxicity

CYP2C19*1

CYP2C19°2,

CYP2C19°3,

CYP2C19°8,

CYP2C19°10, CYP2C19 clopidogrel
CYP2C19°17,

CYP2C19*19,

CYP2C19°25,

CYP2C19°26

Lreod o T}

Metabolism/PK

YP2C19*,
P2C19*,
_ %: CYP2C19 clopidogrel Efficacy rdiovascular Diseases
CYP2C19*17

Figure7.

Example of PharmGKB clinical annotation for clopidogrel.
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I Clopidogrel Pathway, Pharmacokinetics

RELATED PATHWAYS PUBLICATIONS

P 0 B 30

Overview >
Components ®

Related Pathways

Summary
Related Literature L ]
Representation of genes involved in metabolism of clopidogrel.
Downloads
[Ewonnll]
1\
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Y
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Figure8.

Example of PharmGKB drug-centered pathway for clopidogrel, pharmacokinetics.
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®

» clopidogrel

Overview

Prescribing Info ]
Drug Label Annotations L]
Clinical Annotations L
Variant Annotations °
Literature L
Pathways L]
Related To

Automated Annotations o>
Links & Downloads

Automated Annotations

PharmGKB automated annotations report the possible relationship between a variant and a drug in a sentence from an abstract in PubMed or an article in PubMed Central. Sentences
are identified automatically by a text mining system and have not been reviewed or validated manually by PharmGKB. For more about how these
please see the FAQ. For manually curated variant-drug phenotype relationships, please see the Variant Annotations” tab.

Number of annotations: 20.

CypP2C19*2:

1

clopidogrel freatment after

Theg CYP2C19 * 2 genetic variant, 681 G &gt; A (rs4244285), was identified as a major determinant of prognosis in young patients who recei
TATaTCli

myocardatnTarction

2010, PMID: 20440227

The US FDA has issued a warning regarding clopidogrel, alerting that it can be less effective in individuals carrying the CYP2C192 loss-of-f llele (poor
Anvptateiet Expent 2012 PMID 21306212

The 512777823 polymorphism was in strong linkage disequilibrium with the CYP2C19 * 2 variant, and was with response, for
12% of the variation in platelet aggregation to ADP (P = 4.3 x 10 -11),
y 2C19 genotype clinical efficacy of clopidogrel therapy. JAMA 2009. PMID-19706858

The relation between CYP2C19 * 2 genotype and platelet aggregation was replicated in d patients coronary (P=02)
Association of cytochrome P450 2C effcacy of clopidogreltherapy. JAMA 2009 PMID 19706858

When we included CYP2C19 * 2 as a covariate, the association between chromosome 10g24 SNP rs12777823 and clopidogrel response was markedly attenuated (P =15 x 10
~13 without adjustment for CYP2C19 * 2 genotype to P = 2.5 x 10 -3 with adjustment for CYP2C19 * 2 genotype).
Association of cytochrome P450 2C} v y of clopidogn 10y JAMA 2009, PMID 19706858

However, the association observed between CYP2C19 * 2 genotype and AD platetet and persisted after of aspirin (P =7.9
X 10 ~13 ), suggesting that this drug combination, which is standard of care in patients with acute coronary syndromes and following PC, does not overcome the effect of the
CYP2C19 * 2 genotype on platelet function

Y1 P450 2C1 tys effect and clinical efficacy of clopidogrel therapy. JAMA 2009. PMID 19706858

Survival analysis stratified by CYP2C19 * 2 genotype was also performed in the subset of 95 patients still taking clopidogrel at the time of event or at 1 year of follow-up and
the 132 patients who were not receiving clopidogrel at the time of event or at 1 year of follow-up.

2199 antplatelet effect and clinical efficacy of clopitogrel therapy. JAMA. 2009 PMID 19706858

ADP-stimulated platelet aggregation was reduced to 40.7%, 47.1%, and 65.4% of baseline in response to clopidogrel in participants with 0, 1, and 2 CYP2C19 * 2 alleles,
respectively.

2c; iype and clinical efficacy of clopidogrel therapy. JAMA 2009 PMID 19706858

The CYP2C19 * 2 genotype, present in its heterozygous and homozygous state in 30.8% and 2.1% of the PAPI study population, accounted for 12% of the variation in
clopidogrel response.

2¢ , antiplatelet efficacy of clopxiogrel therapy. JAMA 2009, PMID 19706858

Figure.

Automated annotations for clopidogrel using PGxMine.
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Overview Clinical Annotations
s clinical { provide i ion about variant-drug pairs based on variant annotations in the database. Scientific Curators manually review variant anno
Eresciibinginfo L based i ibing the ic impact of the variant.
Drug Label Annotations [ ] Note: Please note that alleles in PharmGKB are mapped to the positive chromosomal strand. Therefore, variants in genes on the “minus” strand (eg. VKORC1) are com
PharmGKB annotations.
Clinical Annotations >
Variant Annotations ] .
: 3 Sort option
CASToEG : Filter option
Haplotypes ow Fullscreen [ Edit Columns Y Hide filter
Literature ° A LEVEL ¢ VARIANT = GENE = MOLECULE = IYPE ¢ PHENOTYPE =
Level of evidence —»;
Related To stati toxi
Automated Annotations . [ Resd Now ] [Levet 1] 154149056 sLcotel atorvastatin Toxicity statin-related myopathy,
Links & Downloads
[ Read Now ] [Levei A 154149056 sLco1B1 imyastati Toxicity statin-related myopathy,
[ Read Now ] Level 3. 154149066 sLcost pravastatin Toxicity statin-related myopathy
154149056 sLcot81 fiuvastatin Toxicity statin-related myopathy
["Read Now ] m 154149056 SLCO1B1 rosuvastatin Toxicity statin-related myopathy.
[ Read now } Level3. (54140056 sLcotst cerivastatin Toxicity Rhabdomyolysis
Figure 10.

List of clinical annotations related to rs4149056 and statin-induced myopathy.
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lZ‘ Clinical Annotation for rs4149056 (SLCO1B1); simvastatin; statin-related myopathy (level 1A Toxicity)

Auete [r——

Patients with the 154149056 CC genotype may have a higher risk of sumvastatin-related myopathy when treated with Simvastatin as compared
Phenotype Category cc 1o patients with the TT genotype. However, conflicting evidence has been reported. Other genetic and clinical factors may aiso influance risk
of toxicity to simvastatin,

Toxicity
Patients with the 154149056 CT genotype may have a higher risk of simvastatin-related myopathy when treated with simvastatin as compared
Genes cr 1o patients with the TT genotype. However, conflicting evidence has been reported. Other genetic and clinical factors may alsa influence risk
sLCOIB! of toxicity to simvastatin.
Variant Patients with the 154149056 TT genotype may have a lower risk of simvastatin. related myopathy when treated with simvastatin as compared
" 10 patients with the CT or CC genotype. However, conflicting evidence has been reported. Other genetic and clinical factors may also
(5414
24149056 influence risk of toxicity to simvastatin
Drugs
smypstatin 1 [lAnnoation of CPIC Guideling for simvastatin and SLCOLB1
The FDA recommends against 80mg daily simvastatin dosage. In patients with the C allele at SLCO181 54149056, there are modest increases in myopathy ris)
if optimal efficacy is not achieved with a lower dose, alternate agents should be considered.
From Publications.
Ihe clinical cs sortium quideline for SLCO1BY and simwastatin-induced myopathy: 2014 update
U0 24918167 PUCOSMCS169720 DO 12 1938/cIo 1014 1S
401
655384011 The clinical oh nsortiym: CPIC guideline for SLCOIBY and simvastatin-induced myoathy
o 22017
CPIC* Guide] 2 tation of for simvastatin and
Level of Evidence Calculation e
rovnn| CPo0S® an aiternative for patients with the SLCO1B1 521 CC or TC (154149056) genotype and consider any additionalrisk factors for statin-induced myopathy
More nformd with the 521 TC genotype, avoid simvastatin doses exceeding 40 mg/day and advise the patient to contact their doctor in the event of muscle symptoms.
Total Score : 211.75 Qenotype, i ng g/day i o ympt
Score : 100| From Publications
Score Breakdown : o Dutch Working Grouo Guidelines August 2019,
« Variant Annotations = 11.75 Evidence o s tiigs e bamp ngomricagu g racoger revendaton
« Dosing Guideline Annotations = 200 Qutch Pharmacogenetics Working Group. ines August 2020
« Drug Label Annotations = 8 DA Phantectasaties Wetina et Guiteine b ST
Unt:tties e koo atenstesdyaracsesnate-recopmendatinet-aeveber 2000 01
Levt Hosners (ZERTAC)
pore inforn 1his aonatat
3. E1Acoottion of 14149056 in SLCOLB
Score : 100
Allele C is Muscular Diseases y Artery Disease as compared to
. C allele is more frequent than T with
High
Level of FomPtcsion
L 12 Simvaatatio inolerance genetic detesminants: some teatures in aheic Uzbek aatisnts with coronary aslery ciasase, Archives of medical scionces. Atheroscierotic dseeses. 201
E _d eve B Moderate O J2IUMT OO SNCIZISN) PO AN/ maed JOU) 2080
= é Gene: SLCOW Variant © (3414905
oW Phenotype Category : Toxicity ss0ciation i signi
PharmGKB 1D © 1451231960
Score: 225
Level 4 Unsupported

Figure 11.
Example of variant-level clinical annotation for rs4149056 and simvastatin-induced

myotoxcity.
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Annotation of CPIC Guideline for celecoxib, flurbiprofen, ibuprofen, lornoxicam and CYP2C9

PharmGKB ID : PA166191841

Specify a genotype for specific annotations

Pick alleles for CYP2C9 Select alleles

*3 v[3 v|

in the above pull-down menus have no CPIC recommendation.

Activity Score | 0

Implications : Significantly reduced metabolism and prolonged half life; higher plasma concentrations may increase
probability and/or severity of toxicities

Metabolizer Status ] Poor metabolizer (AS 0)
Phenotype (Geno
Recommendation : |Initiate therapy with 25-50% of the lowest recommended starting dose. Titrate dose upward to

pe) : Anindividual carrying two no function alleles

clinical effector % of the maximum recommended dose with caution. In accordance with the prescribing
information, use the lowest effective dosage for shortest duration consistent with individual patient treatment
goals.Upward dose titration should not occur until after steady state is reached (at least 8 days for celecoxib and 5 days
for ibuprofen, flurbiprofen and lornoxicam after first dose in PMs). Carefully monitor adverse events such as blood
pressure and kidney function during course of therapy. Alternatively, consider an alternate therapy not metabolized by

CYP2C9 or not significantly impacted by CYP2C9 genetic variants in vivo.
Guideline Strength : Moderate

Summary

The CPIC Dosing Guideline for celecoxib, flurbiprofen, ibuprofen and lornoxicam recommends initiating therapy with 25-
50% of the lowest recommended starting dose for CYP2C9 poor metabolizers and initiating therapy with lowest
recommended starting dose for CYP2C9 intermediate metabolizers with activity score of 1. See full guideline for further
details and supporting evidence.

Figure 12.
Example of PharmGKB interactive dosing table for a CPIC guideline annotation.
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@ Clinical Annotation for CYP2C9*1, CYP2C9*2, CYP2C9*3, CYP2C9*5, CYP2C9*6, CYP2C9*11; warfarin;

Hemorrhage (level 1A Toxicity)

Level of Evidence ALLELE
Phenotype Category i
. Normal function &

Toxicity
Genes
cYp2co 2

Decreased function ©
Haplotypes
CYP2C9*1, CYP2C9*2, CYP2C9°3, CYP2C9"5,
CYP2C96, CYP2CI 11 3
Dmg; No function &
warfarin
Phenotypes *5
Hemorrhage Decreased function &
Specialty Population
¥ Pediatric

6
PharmGKB ID

No tunction ©
1447672988

Allele function

by CPIC \

PHENOTYPE

The CYP2C9*1 allele s assigned as a normal function allele by CPIC. Patlents carrying CYP2C9*1 allele in combination with
another normal function allele may have a decreased risk of bleeding when treated with warfarin as compared to patients
carrying at least one copy of a decreased or no function allele. Other genetic and clinical factors may also influence the risk of
warfarin-induced bleeding.

The CYP2C9*2 allele is assigned as a decreased function allele by CPIC. Patients with CYP2C9*2 in combination with another
normal function allele, a decreased function allele, or a no function allele may have increased risk of bleeding when treated
with warfarin as compared to patients with two normal function alleles. However, conflicting evidence has been reported.
Other genetic and clinical factors may also influence the risk of warfarin-induced bleeding.

The CYP2C9*3 allele is assigned as a no function allele by CPIC. Patients with CYP2C9*3 in combination with another normal
function allele, a decreased function allele, or a no function allele may have increased risk of bleeding when treated with
warfarin as compared to patients with two normal function alleles. However, conflicting evidence has been reported. Other
genetic and clinical factors may also influence the risk of warfarin-induced bleeding.

The CYP2C9"5 allele is assigned as a decreased function allele by CPIC. Patients with CYP2C9"5 in combination with another
normal function allele, a decreased function allele, or a no function allele may have increased risk of bleeding when treated
with warfarin as compared to patients with two normal function alleles. Other genetic and clinical factors may also influence
the risk of warfarin-induced bleeding

[ Limited >

The CYP2C9°6 allele is assigned as a no function allele by CPIC. Patients with CYP2C9*6 in combination with another normal
function allele, a decreased function allele, or a no function allele may have increased risk of bleeding when treated with
warfarin as compared to patients with two normal function alleles. Other genetic and clinical factors may also influence the risk
of warfarin-induced bleeding.

The CYP2C9*11 allele is assigned as a decreased function allele by CPIC. Patients with CYP2C9*11 in combination with another
normal function allele, a decreased function allele, or a no function allele may have increased risk of bleeding when treated
with warfarin as compared to patients with two normal function alleles. Other genetic and clinical factors may also influence
the risk of warfarin-induced bleeding.

© The level of evidence on this clinical annotation reflects the strength of the evidence base at the level of the gene and not at the level of individual alleles. Users should be aware that some alleles may

only be supported by limited evidence, as shown by the LTS

Level of Evidence Calculation €@

Total Score : 342.375

Figure 13.

Example of gene-level clinical annotation for CYP2C9 and warfarin-related toxicity.
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VKOREHNS) wartarin
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Clinical Annotations

PharmGKB clinical annotations provide information about variant-drug pairs based on variant annotations in the database. Scientific Curators manually review vaj
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Figure 14.

Combination search with a gene and a drug.
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Table 1

Summary of Content at PharmGKB

Clinical pharmacogenomics

Clinical guideline annotations  Clinical guidelines on how to adjust treatment of certain medications based on genetic information

Drug label annotations Annotated drug labels containing PGx information from regulatory agencies around the world
Clinical annotations Evidence-rated summaries of all the literature evidence for a particular genetic variant—-drug association
Rx annotations Summaries of individual publications that provide medication dosing or prescribing information based on

genetic information
Research pharmacogenomics
Variant annotations Summaries of genetic variant—drug associations as reported in a single publication

Drug pathways Ilustrated diagrams of the pharmacokinetics or pharmacodynamics of a PGx-relevant drug and accompanying
text describing the drug-gene interactions and pharmacogenomic findings

VIP PGx gene summaries Written reviews of PGx-relevant genes, highlighting genomic organization, functional and clinical impact of
genetic variations

PGx gene information tables Gene resource tables created by CPIC and PharmGKB to summarize allele function, definition, frequency, and
diplotype-phenotype translation
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