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Learning Objectives

Describe mechanisms of medication interactions and efficacy
related to pharmacogenomic variations.

Contrast and compare various online pharmacogenomics
databases.

Discuss the role of ABC transporters in drug resistance,
metabolism, and toxicity.

Design a medication regimen based on pharmacogenomic test
results.
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Background

® |n the history of healthcare, professionals have used the
“one size fits all” approach:

* Average dose for the population
e Effective for the large number of people

= Healthcare professionals may change the drug dose
based on a patient’s:

e Age, weight, and size

e Other factors have been considered: organ function,
body fat, and blood flow...
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Background

= Some studies indicate that the most commonly used

pharmaceutical drugs are effective in only 25% to 60% of
patients. ()

= More than 2 million patients have adverse drug reactions
(ADRs) in US hospitals each year. (2

e Causing at least 100,000 fatalities
e Costing up to $5.6 million per hospital

(1) Spear, Brian B., Margo Heath-Chiozzi, and Jeffrey Huff. "Clinical application of
pharmacogenetics." Trends in molecular medicine 7.5 (2001): 201-204.

(2) Phillips, Kathryn A., et al. "Potential role of pharmacogenomics in reducing adverse drug
reactions: a systematic review." Jama 286.18 (2001): 2270-2279.
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Precision Medicine

" |s a medical model that proposes the customization
of healthcare, with medical decisions, practices,
and/or products being tailored to the individual

patient.

" |s able to match the genomic markers to medication
that available to the patient.
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Precision Medicine

W Pharmacogenetics/

Pharmacogenomics
B Pharmacometabolomics

M Toxicoproteomics

W Diet

W Excerise

Other Enviromental Factors

(3) Chambiliss, Allison B., and Daniel W. Chan. "Precision medicine: from pharmacogenomics to =
pharmacoproteomics." Clinical Proteomics 13.1 (2016): 25.
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Pharmacogenetics vs. Pharmacogenomics

* Pharmacogenetics (PGt) - The study of inherited
differences or variations in drug metabolism and
response.

* Pharmacogenomics (PGx) - The study of the role of
inheritance in individual variation in drug response.
It refers to the general study of the patient’s genome
to determine drug behavior.
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True or False Question

Do the terms pharmacogenomics and precision
medicine mean the same thing?

B TRUE
B FALSE
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Genetic Variability

Transcription Begins

CCAAT or
CAT box Start Codon Exons
TATA box

| | (Met)//| wp Codon

Promoter Region 5 UTR Introns 3'UTR

Gene Structure

(4) Zdanowicz, Martin M. Concepts in pharmacogenomics. ASHP, 2010.

Wild Type Allele: Widely accepted sequence for the gene for
the majority of the populations

Variant Allele: Alterative sequences for the same gene or
different variations at the same genetic locus
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Genetic Variability

= Clinical important variant alleles (polymorphisms) in medical
genomics are due to:

* Individuals differ by approximately one nucleotide in every
thousand.

0 Single Nucleotide Polymorphisms (SNPs) are single
base-pairs substitutions that occur with a frequency of
> 1% in a population.

o Small insertion/deletion in the gene.

* Insertions, deletions, and duplications (amplification) of
bases/genes.
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Genetic Variability

= Several different types of SNPs can be found in our DNA
where a single nucleotide (thymine, adenine, cytosine, or
guanine) is substituted for another nucleotide.

0 Missense variants - the substitution can be a change
where the altered codon corresponds to a different
amino acid in a specific position in the protein

sequence. Ala His His Gly

WildType GCcA CAT CAT GGT

1046 1047 1048 1049 Codon #
Variant GCA CGT CAT GGT

Ala Arg His Gly
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Genetic Variability

e SNPs (Cont.)
0 Silent variants - the nucleotide substitution does not
change in the protein sequence. Al His  His  Gly

WildType GCA CAT CAT GGT
1046 1047 1048 1049  Codon#

Variant GCA CAT CAT GGA
Ala His His Gly

0 Nonsense variants - the nucleotide change causes a
codon for a specified an amino acid to become a STOP
codons (TAA, TAG, or TGA). This results in a premature
stop in the protein sequence. Ag Gy lys o Phe

WildType CGG GGC AAA TTT
1459 1460 1461 1462  Codon#

Variant CGG GGC TAA TTT
Arg Gly Stop(*jorX Phe
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Genetic Variability Question

0 Which of the following variant changes is a nucleotide
substitution that alters an amino acid in a specific
position in the protein sequence?

@ Nonsense

B Silent
Missense

B Frameshift
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Nomenclature for Pharmacogenetics

e When discussing the types of genetic variations and

polymorphism in PGx, many of the same signs and symbols
apply here too:

The SNPs and other polymorphisms are given a reference
number to identify a specific marker. (rs#). There are 6.5
million known SNPs (rs4680).

e Many genes follow the system:

0 Root->family->subfamily->gene in subfamily or isoform
Ex: CYP2D6 or NAT2

O Allelic variants are distinguished by the * after the gene
Name. root family isoform

allele

| /
Ex: CYP2D6*5 _
\subfamily GShp
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Example of Genetic Variability

CYP2D6 is a member of the cytochrome P450 superfamily
responsible for playing a major role drug metabolism.

Encodes for a monoxygenase which is localized to the
endoplasmic reticulum.

Was the first specific human drug metabolic enzyme
identified as being polymorphic with over 60 different alleles.

Known to metabolize as many as 20% of the commonly
prescribed drugs.

Examples of substrates include antidepressants,
antipsychotics, antihypertensive, and antiarrhythmics.
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Example of Genetic Variability

Allele Frequency (%)
Common Allelic Consequences for
Variant Alterations Enzyme Activity White Black Asian
CYP2D6*2XN Gene Duplication Increased 1-5 2 0-2
CYP2D6*3 Frameshift Nonfunctional 1-2 0 <1
CYP2D6*4 Defective Splicing Nonfunctional 12-21 2-8 <1
CYP2D6*5 Gene Deletion Nonfunctional 2-7 6 4-6
CYP2D6*6 Frameshift Nonfunctional 1 <1 0
CYP2D6*10 Pro34Ser, Ser486Thr Decreased 1-2 3-9 38-70

Thr107lle, Arg29Cys,

CYP2D6*17 Ser486Thr Decreased <1 20-35 <1

Completely nonfunctional alleles such as CYP2D6*3, *4, *5,
and *6 are more commonly seen Caucasians.

Partially active alleles such as CYP2D6*10 and *17 are seen in
African Americans and Asians.

Ultra-rapid metabolizers are found more frequently among
Saudi Arabians (~15-20%) and Ethiopians (~30%). ashﬁ
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Example of Genetic Variability

Implications of 2D6

for Agents Activated

Poor Metabolizer

(PM) ~5 to 10%
Intermediate

Metabolizer (IM) ~20 to 40%
Extensive

Metabolizer (EM) ~60 to 80%
Ultra-rapid

Metabolizer (UM) ~1to5%

No functional alleles
present

Either one functional and
one mutant/deficient
allele or two partially
active/deficient alleles
present

Either two active alleles
or a combination of one
active and one partially
active allele present

Three or more active
alleles present

Lack of therapeutic
effects may be observed

May show reduced
effects

Should be able to
achieve therapeutic
effects with normal
dosing

Increase risk of toxicity;
lower dose may be
required
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Example of Genetic Variability

Example: The analgesic effects of codeine depend on the
2D6-catalyzed biotransformation to morphine.

B @D

© o

Safety Flag Raised For Codeine In Kids

by SCOTT HENSLEY

The Food and Drug Administration has
warned doctors to be careful with codeine
to relieve children's pain.

The agency noted reports of three kids who
died and one who almost did after taking
codeine following surgery. The kids had
their tonsils or adenoids removed to treat
obstructive sleep apnea.

Codeine doesn't work to relieve pain until
an enzyme in the liver turns some of the

\

@ Erlang sockphocam  drug into morphine. Some people's livers
\AMmen It cames to pain reflef for kids, Mere may be battar are very efficient at the task, while others

T don't do a very good job at all.

In the cases cited by the FDA, the children appear to be so-called ultra-rapid
metabolizers. Their livers transformed so much codeine into morphine so quickly that
they produced a kind of overdose.

Too much morphine can lead to a depression or complete cessation of breathing. That's
especially risky for kids who've undergone surgery for sleep apnea.

About 1 to 7 per 100 people are ulira-metabolizers, the FDA said, citing the medical
literature. But in some groups, such as Ethiopians, they may run as high as 28 per 100
people. There are tests for the genetic variant involved.

Parents whose children are taking codeine should be on the lookout for "unmsual
sleepiness, confusion, or difficult or noisy breathing in their child,” the FDA said, and
oet medical help right awav if those symptoms appear.
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Example of Case

= DS isa 30 year-old woman who gave birth by caesarian
section 10 days ago. Her physician prescribed codeine for
post-caesarian pain. Despite taking no more than the
prescribed dose, DS experienced nausea and dizziness while
she was taking codeine. She also noticed that her breastfed
infant was lethargic and feeding poorly. When DS mentioned
these symptoms to her physician, he recommended that she
discontinue codeine use. Within a few days, both DS’s and her
infant’s symptoms were no longer present.

https://www.crediblemeds.org/files/3913/6973/9557/pgx-brochure2011.pdf




Genome Browsers

National Center for Biotechnology Information (NCBI)
Ensembl

Santa Cruz Genome Browser: http://genome.ucsc.edu/

Cancer Genome Browser:
e http://cancer.sanger.ac.uk/cosmic
e http://www.cbioportal.org/
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http://genome.ucsc.edu/
http://cancer.sanger.ac.uk/cosmic
http://www.cbioportal.org/

ational Center for Biotechnology Information

https://www.ncbi.nlm.nih.gov/ ZNCB

Created in 1988 to develop
information systems for molecular

biology.

Many Resources;
PubMed Central

Gene

dbSNP (HapMAP)

dbVar

Protein Interaction

Map Viewer

NCEI Home
Resource List (A-Z)
Al Resources

Chemicals & Bicassays

All Databases v |

Welcome to NCBI

The National Center for Biotechnology Information advances stience and heakth by providing acosss o biomedical

and genomic information.

Aboutthe NCBI | Mission | Organization | NCEI News | Blog

Submit Download

13 Or manuseriplsinto  Transfer
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Research
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PubChem
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Genome Workbench 2.11.0 now
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National Center for Biotechnology Information
(NCBI)

Gene Gens Gl [ search |

Aduanced Help

CYP2D6 cytochrome P450 family 2 subfamily D member & [ Homo sapiens (human) ] Ii:::‘:r;mmms
Gene ID: 1585, updated on 23-0ct-2016

=47 o2 nomic ragiod anseripts, and products
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Ensembl Project

Login/Register

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mimors €} - Searsh

Using website | Annotation and prediction = Data access APl & software [LGIMTISTES

In this section ® Help & Documentation ‘About the Ensembl Project
I Species List
[ apecies lred About the Ensembl Project
— Release Cycle
i System Architecture
L prs - e Ensembl project was started in some years before the draft human genome was completed Even at that early stage it was clear that manua
MTrrar sites The E bl proj d in 1999 y before the draft h g pleted E { fy stage i } I |
L Scientific Publications annotation of 3 billion base pairs of sequence would not be able to offer researchers timely access to the latest data. The goal of Ensembl was therefore
u o automatically annotate the genome, integrate this annotation with other available biological data and make all this publicly available via the web. Since
E- Workshops to automaticall tate th integrate thi tati ith oth ilable biological data and make all this public ilable via th b. Si
| L ek for a Week the website's launch in July 2000, many more genomes have been added to Ensembl and the range of available data has also expanded to include
tE comparative genomics, variation and regulatory data.
& Contact Us parative g i iati d regulatory dat
I :
i E’I:Iill?:;fitsllosn The number of people involved in the project has also steadily increased. Currently, the Ensembl group consists of between 40 and 50 people. divided in a
L et Vachncias number of teams.
El Il_egal ® The Genebuild team creates the gene sets for the various species. The result of their work is stered in the core databases, which are taken care of by
r g!’o‘rsler Genome Release Agree the Software team. This team also develops and maintains the BioMart data mining tool
|~ Disclaimer
%_ Ensembl Image Reuse ® The Compara, Variation and Regulation teams are responsible for the comparative, variation and regulatory data, respectively
I E'lqsembl‘rlame and logo policy ® The Web team makes sure that all data are presented on the website in a clear and user-friendly way.
|~ Mirror policy } . o
%_ Privacy Statement ® The Production team are responsible for coordinating the regular updates to Ensembl data
{’: iom‘;aée Use”ce ® Finally the Outreach team answers questions from users and gives workshops worldwide about the use of Ensembl.
 Code of Conduct
i ECk:_OW:EdQE‘mEf'“S_ The Ensembl project is headed by Paul Flicek& and receives input from an independent scientific advisory board
- Credits for species images
- Projects using Ensembl Ensembl is a joint project between European Bioinformatics Instituted? (EMBI-EBI), an outstation of the European Molecular Biology Laboratory (EMBL).
- Scientific Advisory Board and the Wellcome Trust Sanger Instituted? (WTSI). Both institutes are located on the Wellcome Trust Genome Campusg in Hinxton, south of the city of Cambridge, United Kingdom

‘You can read more about ongoing developments in Ensembl, including plans for new genomes and web featurese?, on our bloge?.
Search documentation. .. going P! g v 2

If you would like to cite Ensembl in your work, we recommend refering to the most recent overview article.
Assemblies and sequence
The DNA sequences and assemblies used in the Ensembl genebuild are provided by varieus projects around the world. Please see individual species’ home pages for acknowledgements.

In order to improve consistency between the data provided by different genome browsers, Ensembl has entered into an agreement with UCSC and NCBI with regard to sequence identifiers

= Startedin 1999, the website was launched in July of 2000.

= Goal of the project was to annotate the genome from the human
genome project as well as integrate other

resources.

o
= www.ensembl.org GShp
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Ensembl Website

Human (GRCh38.p7) v

Gene-based displays

&

=-

Summary

— Splice variants

— Transcript comparison
— Gene alleles

- Sequence

L Secondary Structure

- Comparative Genomics

— Genomic alignments

— Gene tree

— Gene gain/loss tree

— Orthologues

— Paralogues

— Ensembl protein families

- Ontologies

— GO: Biological process
— GO: Molecular function
— GO: Cellular component
Phenotypes

- Genetic Variation

— Variant table

— Variant image

— Structural variants
Gene expression
Regulation

Extemnal references
Supporting evidence
1D History

L Gene history

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mimors

Location: 22-42,126,499-42,130,906

Login/Register

&l - Search all species. ..

Gene: CYP2D6

Gene: CYP2D6 EnsG00000100197

Description
Synonyms

Location

About this gene

Transcripts

Summary @

Name
CCDS
UniProtKB
RefSeq

Ensembl version

Other assemblies

£% Confi this Gene type

Genetic Seq
Variation Table
 Frequency (1000 Genomes, ESP, ExAC...)

e Haplotype Association

Annotation method

ce

cytochrome P450 family 2 subfamily D member 6 [Source:HGNC Symbol; Acc: HGNC: 2625 ]
P450C2D, P450DB1, CYP2D, CYP2D7AP, CYP2D7P2, CYP2D6, CYP2DL1, CPD6, P450-DB1, CYP2D7BP, CYP2D8P2, CYPIID6

Chromosome 22: 42.126.499-42.130.906 reverse strand.
GRCh38:CM000684.2
View alleles of this gene on alternate assemblies

This gene has 5 transcripts (splice variants). 1 gene allele, 98 orthologues, 17 paralogues, is a member of 1 Ensembl protein family and is associated
with 6 phenotypes.

Show transcript table

CYP2D66 (HGNC Symbol)
This gene is a member of the Human CCDS set: CCDS33657 16, CCOS46721. 16
This gene has proteins that correspond to the following UniProtkKB identifiers: P10635&

Overlapping RefSeq annotation not matched
Overlapping RefSeq Gene ID 1565#& matches and has similar biotype of protein_coding

ENSGD0000100197.20

This gene maps to 42.522.501-42 526,908 in GRCh37 coordinates.
View this locus in the GRCh37 archive: EMSG00000100157 &

Known protein coding

Annatation for this gene includes both automatic annotation from Ensembl and Havana @ manual curation, see article.
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Ensembl Website

Alle- 4 AA Poly-
Variant ID Chr: bp les Class Evidence AA coord  SIFT  Phen
rs1058171 22:42127926  CIT ) SNP dbSNP < - DN 250 [ 0.01 ] ENST0000035903
. variant 34
1) rS# (Va rl a nt rs1058170 22:42127928  GIC ) SNP dbSNP < - Missense  A/G 249 [GEE) ENST0000035903
34
I D) 1s771422993 22:42127932  CIA ) SNP dbSNP Ex - Missense  VIL 248 @ @XIZEP ENST0000035903
AC. 34
1s775065145 22:42127934  AIG ) SNP dbSNP Ex - 1A 247 @D @XEEED ENST0000035903
Ac. 34
1s760561802 22:42127937  AIG ) SNP dbSNP Ex - Missense  IT 246 @XIED ENST0000035903
AC. 34
2) Va rl a nt MLl 758 22:42127940 - ) SNP dbSNP Ex Missense  R/H 245 ENST0000035903
Ac. 34
22:4212794 0359 SNP dbSNP ¢ ix RIC 245 ENST0000035903
) - EX 34
ange D
rs61736514 22:42127944 IC ) SNP dbSNP < - LV 244 @D XD £NST0000035903
34
(AI Ie I e) rs139519709 22:42127959 AT ) SNP dbSNP 23] - Missense  Fil 239 [0 | ENST0000035903
34
rs567340138 22:42127971  GIT 0.000 SNP dbSNP & mE - PIT 235 [ 0.09 ] ENST0000035903
(T s 34
rs1135829 22:42127973 TG “) SNP dbSNP Cxd - NS 234 [ZEP ENST0000035903
: 3,
3) Drug & -
rs770790629 22:42128180  CIT ) SNP dbSNP Ex - Missense 1l 228 [NEP ENST0000035903
= 3,
L] ==
I nfo rl | Iat | O n 1s1135828 22:42128181 AT 0.004 SNP dbSNP ¢ mE - Missense  M/K 228 [0 ] ENST0000035903
() ST 34
CI . S . rs759788437 22:42128183  C/A ) SNP dbSNP A& - ED 227 @D @EFE CNST0000035903
In. Sig. 54
1s77913725 22:42128185  CIT 0.004 SNP dbSNP G - E/K 227 [EIED ENST0000035903
m T —
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Ensembl Website

Minor Allele Frequency:
Population genetics

Associated Studies

Clinical Evidence

Gene Function e

Sequence AL
21 ]

r -U.TTT'I =

Linkage disequilibrium wren | 7NN PN O
> e S | | v re

2 || ‘@ £t
mg o " | o
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CYP450 Allele Nomenclature Database

Identification of the CYP450
Variants

Nucleotide and Amino Acid
Changes

Consequences of the Variant

References

The Human Cytochrome P450 (CYP)
Allele Nomenclature Database

Allele nomenclature for Cytochrome P450 enzymes

Inclusion criteria - New criteria regarding variants identified by NGS

Cytochrome P450 Oxidoredictase:
POR

CYPI family:
CYP1Al: CYPIA2: CYPIBI

CYP? family:

CYP246; CYP2413; CYP2B6; CYP2CS; CYP2CY; CYP2CIY;
CYP2D6; CYP2EI; CYP2FI; CYP2J2; CYP2RI; CYP2S]: CYP2IW]
CYP3 family:

CYP344; CYP345; CYP3AT: CYP3A43

CYP4 family:

CYP4A411; CYP4422; CYP4B1; CYP4F?

CYP=4 families:
CYP3A1: CYP8Al: CYPI941; CYP21A42; CYPI6AI

SNP information on CYP17A41 can be found here
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CYP450 Allele Nomenclature Database

CYP2D6 allele nomenclature
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Allele Protein Nucleotide changes, Region sequenced Xhal Trivial Effect Enzyme activity References
Gene M33388* haplotype || name
(kb)
positions after 1330 rides Invive ||Insitre
{1330_1331ins G, and pos 5 qfter 1430 with
C) a5 compared
n 1250-00 showd
bie are
nmbered according ro W53355.
CEPIDG*1A CYPIDE 1 Nene i) Einurs er al
1080
CTPZDg*B CYPIDE.1 3R28G=A 0 Marez ot ail.,
1907
CEPIDE*IC CYPIDS.1 1978C=T Marez ot @i,
loe7
CEPIDS*ID CYPIDE.1 A575C=A pi &3 Nlarez et al
1207
CTPIDG*IE CYPIDE.1 1860T=C Sachse o ai.,
CEPIDE*IV  ||CYP2IDS1 42 N active Incr Dahl ar al
Benes logs
CIPIDS*24 CYPIDE.2 -1384C=G; 12354, -T40C=T, 20 CIPIDSL E206C; 5486T INormal Tommal
-6TRE CTPI07 gene conversion in introm 1; {dw,d, =) (b, dx)
1661G=C; 2830C-T; 4180G-C
CEPIDE*IR CYPIDS2 1039C=T; 1661G=C; 2830C--T: 4180G-C BI08C: 5486 Marez ot @i, _J

o




Gene Databases

NAT1 & NAT2 - http://nat.mbg.duth.gr

UGT —UDP Glucuronosyltransferase genes —
http://www.pharmacogenomics.pha.ulaval.ca/cms/ugt alleles

ABC Transporters - http://htd.cbi.pku.edu.cn/ &
http://nutrigene.4t.com/humanabc.htm/
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http://nat.mbg.duth.gr/
http://www.pharmacogenomics.pha.ulaval.ca/cms/ugt_alleles
http://htd.cbi.pku.edu.cn/
http://nutrigene.4t.com/humanabc.htm/

Table of Pharmacogenomic Biomarkers in Drug
Labeling

* http://www.fda.gov/Drugs/Scienc | o P—
eResearch/ResearchAreas/Pharm

Infectious
Diseases

Boxed Warning, Contraindications,

carriers 2rnings and Precautions

Ado-Trastuzumah Oncology EREBEZ HER.:2 protein Indications and Usage, Warnings

L4 . . - .
acogenetics/ucm083378.htm sl v
Studies
. . . ; . -
= Drug labeling may contain S s -l g
(LB5BR) positive Clinical Pharmacology, Clinical
H M Studies
information on:
Alectinib Oncology ALK ALK gene rearrangement  Indications and Usage, Adverse
. . positive Eﬁa_dic:nsst. I;:_Iinical Fharmacology,
inical Studies
e Drug exposure and clinical
Alirocumahb Endocrinology LDLR LDL receptor mutation Indications and Usage, Adverse
. o] heterozygotes Reactions, Clinical Studies
response variability - | |
Amitriptyline Psychiatry CYP2D6 CYP2D6 poor Precautions

metabolizers

.
4 R I S k fo r a dve rse eve nts Anastrozole Oncology ESR1, Hormone receptor Indications and Usage, Adverse

PGR positive Reactions, Drug Interactions, Clinical
Studies

4 Ge notype_speCifiC d OSi ng Arformaterol (1) Pulmonary UGT1A1 UGT1A1 poor Clinical Pharmacology

metabolizers

. . \ ; ; -
Arformoterol (2) Pulmonary CYP2D6 CYP2D6 intermediate or Clinical Pharmacology

e Mechanisms of drug action

Aripiprazole Psychiatry CYP2D6 CYP2D6 poor Dosage and Administration, Use in

o PO |ym O rp h iC d ru g ta rget a n d ol ﬁ'ﬁ:g;tciopn?Lgﬁ:iocr;sl-ljtl)\r:r?ﬂacolog\;
disposition genes

hp
= Qver 160 Drug-Gene Pairs as p
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http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm

The Pharmacogenomics Knowledgebase

(PharmGKB)
= Was developed by Stanford University with funding from the
National Institutes of Health (NIH) and is a partner of the NIH
Pharmacogenomics Research Network (PGRN).

= Began in 2000 with limited information on genomics and drug
information - www.pharmgkb.org.

= |s currently a pharmacogenomics knowledge resource that
encompasses clinical information including dosing guidelines
and drug labels, potentially clinically actionable gene-drug
associations and genotype-phenotype relationships.
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The Pharmacogenomics Knowledgebase
(PharmGKB)

" Includes dosing guidelines
from several organizations:

e C(linical
Pharmacogenetics
Implementation
Consortium (CPIC) — 33
Drugs

* Royal Dutch Association
for the Advancement of
Pharmacy -
Pharmacogenetics
Working Group (DPWG) —
54 Drugs

e Canadian
Pharmacogenomics
Network for Drug Safety
(CPNDS) — 5 Drugs

Pharmacogenomics. Knowledge. Implementation.

PharmGKB is a comprehensive resource that curates knowledge about the impact
of genetic variation on drug response for clinicians and researchers.

Y
3 armGKB
\ The Pharmacogenomics Knowledgebase

Latest News

What is the PharmGKB?
Find out how we ge from extraction of

Upcoming change to user accounts

gene-drug relationships in the literature
to implementation of pharmacagenomics
in the clinic...

LEARN MORE

Coverage of PharmCAT in GenomeWeb

Response to the American Academy of
Pediatrics statement on codeine: let's
consider CYP2D6

PGx-Based Drug Dosing Guidelines PGx Researc h

» See all CPIC guidelines « VIP: Very Important PGx gene summaries
+ Recent guidelines
o UGT1A1/atazanavir
article - and supplement -
Bls- cit il

italonramifhinvioxamine/narmyefine.

+ PharmGKB pathways
« Annotated SNPs by gene

« Drugs with genetic information

> 4
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PharmGKB

§ PharmGKB HOME | PUBLICATIONS | FEEDBACK | SIGN IN | (

Pharmacagenomics. Knowledge. Implementation.

AboutUs ~  News & Events CPIC Projecis Search ~  Download Help

GENE:
CYP2D6
cytochrome P450, family 2, subfamily D, polypeptide 6

Clinical PGx H PGx Research H Overview H VIP ” Haplotypes H Pathways H Is Related To H Publications H Link Quts |

éDosing Guidelines (36) Drug Labels (80 Clinical Annotations (78) >

Available Guidelines

=

. EPIC Guideline for amitriptyline and CYP2C19.CYP2D6
- m— 9 CYP2D6

— UICENIE TOF CIOMIPIAMTITTE o,
. CPIC Guideline for codeine and CYP2D6
4 O . — o LY P 2D6
5. CPIC Guideline for doxepin and CYP2C19.CYP2D6
6. CPIC Guideline for fluvoxamine and CYP2D6
7

8

. CPIC Guideline for imipramine and CYP2C19.CYP2D6
. CPIC Guideline for nortriptyline and CYP2D6
9. CPIC Guideline for paroxetine and CYP206

10. CPIC Guideline for trimipramine and CYP2C19.CYP2D6

11. DPWG Guideline for amitriptyline and CYP2D6

12. DPWG Guideline for aripiprazole and CYP2D6

13. DPWG Guideline for atomoxetine and CYP2D6

14. DPWG Guideline for carvedilol and CYP2D6

15. DPWG Guideline for clomipramine and CYP2D6

16. DPWG Guideline for clozapine and CYP2D6

17. DPWG Guideline for codeine and CYP2D6

18. DPWG Guideline for doxepin and CYP2D6

19. DPWG Guideline for duloxetine and CYP2D6

20 _DPWG Guidslins for flacainide and CYP2DG

> 4
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PharmGKB

3. CPIC Guideline for codeine and CYP2D6& last updated 10/18/2016
Summary

Alternate analgesics are recommended for CYP2D6 ultrarapid and poor metabolizers. A label recommended age- or weight-specific codeine dose is
warranted for CYP2D6 extensive and intermediate metabolizers.

Specify a genotype for specific annotations
@ Help with allele options

Pick alleles for CYP2D6:  *4 LA ¥

-

There's more of this guideline. Read :1

“1xN
4. CPIC Guideline for desipramit :ng YP2D6 last updated 09/15/2016
Summary "3
*IxN
Tricyclic antidepressants have comg *4 rmaceokinetic properties, it may be reasonable to apply the CPIC Dosing Guideline for

amitriptyline/nortriptyline and CYP20Q *4x 06 to other tricyclics including desipramine. In the guideline for nortriptyline, an alternative drug is
recommended for CYP20D6 uItrarapic“ ers or poor metabolizers. For intermediate metabolizers, a 25% dose reduction may be considered.

- . - B
There's more of this guideline. Read “6xN
T
5. CPIC Guideline for doxepin al *8 219.CYP2D6 last updated 09/15/2016
g
Summary *10
il
Tricyclic antidepressants have comp «¢5 rmacckinetic properties, it may be reasonable to apply the CPIC Dosing Guideline for amitriptyline and

CYP2C19, CYP2DG6 to other tricyclic “13 ) doxepin. In the guideline for amitriptyline, an alternative drug is recommended for CYP2D6 or CYP2C19
ultrarapid metabolizers and for CYPZ “dh - etabolizers. Consider a 50% dose reduction for CYP2C19 poor metabolizers and a 25% dose reduction for
CYPZ2D6 intermediate metabolizers.

There's more of this guideline. Read more.

8. CPIC Guideline for fluvoxamine and CYP2D6 last updated 10/18/2016

Summary

The CPIC Dosing Guideline for the selective serotonin reuptake inhibitor fluvoxamine recommends to consider a 25-50% reduction of recommended

starting dose and titrate to response or use an alterative drug not metabolized by CYP2D6 for CYP2D6 poor metabolizers. ‘
ashp
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PharmGKB

3. CPIC Guideline for codeine and CYP2D8 last updated 10/18/2016

Summary

Alternate analgesics are recommended for CYP2DE6 ultrarapid and poor metabolizers. A label recommended age- or weight-specific codeine dose is
warranted for CYP2D6 extensive and intermediate metabolizers.

Specify a genotype for specific annotations

© Help with allele options

Pick alleles for CYP2D6: | *4 ¥ |5 v

Activity Score

Imp
Greatly reduced morphine formation following codeine administration, leading to insufficient pain relief

Metabolizer Status
Poor metabolizer

Phenotype
(Genotype) An individual carrying no functional alleles

K Recommendations \
Avoid codeine use due to lack of efficacy.

Considerations for alternative opioids: Alternatives that are not affected by this CYP2D6 phenotype include morphine and non-
opioid analgesics. Tramadol, and to a lesser extent hydrocodone and oxycodone, are not good alternatives because their
metabolism is affected by CYP2D6 activity; these agents should be avoided. There is substantial evidence for decreased efficacy
of tramadaol in poor metabolizers and a single case report of toxicity in an ultrarapid metabolizer with renal impairment following
tramadol post-surgery. Use of other analgesics in CYP2D6 poor and ultrarapid metabolizers may therefore be preferable. Some
other opicid analgesics are metabolized by CYP2D6, such as hydrocodone and oxycodone. To avoid treatment complications,
opioids that are not metabolized by CYP2D6, including morphine, oxymorghene, buprenorphine, fentanyl, methadone and
hydromorphene, along with non-opicid analgesics, may be considered as alternatives for use in CYP2D6 poor and ultrarapid J

\ metabolizers.

Classification of  Strong
Recommendation

> 4
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PharmGKB

Guidelines are a reflection of a
clinical consensus based on
clinical evidence and peer-
reviewed literature available at
the time they are written and
are intended only to assist
clinicians in decision making
and to identify questions for
further research.

Register will help to gain
access to the research
information.

Pharmacagenomics. Knowledge. Implementation.

E{) PharmGKB

HOME | PUBLICATIONS | FEEDBACK | SIGN IN | EE.

GENE:
CYP2D6
cytochrome P450, family 2, subfamily D, polypeptide 6

Clinical PGx || PGx Research || Owerview || VIP | Haplotypes Pathways || Is Related To | Publications || LinkOuts

| View haplotype mapping table. |

PubMed publications can be found on the Variant Page

Links in the "Drugs” column lead to PharmGKE Drug Pages.

List of all variant annotations for CYP2D6

Variant?
(147)
[ ca [ va RS

The table below contains information about pharmacogenomic variants on PharmGKB. Please follow the link in the "Variant” column for more information
about a particular variant. Each link in the "Variant’ column leads to the corresponding PharmGKB Variant Page. The Variant Page contains summary
data, including PharmGKB manually curated information about variant-drug pairs based on individual PubMed publications. The PMIDs for these

The tags in the first column of the table indicate what type of information can be found on the corresponding Variant Page on the appropriate tab.

Alternate Names *

Chemicals ?

34
methvlenedioxymethal
4-hydroxylamoxifen
acelaminophen
amitriptyline
anthracyclines and rel:
substances
antidepressants
antineoplastic agents
antipsychotics
aripiprazole
atomoxetine

berberine

buiuralol

buspirone

ashp
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PharmGKB

HOME | PUBLICATIONS | FEEDBACK | SIGN IN |':: @

& PharmGKB

GENE

CYP2D6
cytochrome P450, family 2, subfamily D, polypeptide 6

Clinical PGx || PGx Research || Ovarview || VIP H Haplatypes || Pathways || = Relsted To || Publicstions || LinkOuts: ‘

PharmGKB Curated Pathways

Pathways crested intemally by PharmGHKE based primarily on litersture evidence.

1. i Pathway | ic doses), F
Stylized diagram showing scetaminophen metabolism and transport in the lver.

2. i Pathway (toxic doses), F ineti
Stylized diagram showing st higher doses (toxic doses) in the
liver

3. il in'Si in Pathway. F

Drug-spacific reprasentation of the candidste genes involved in transpart, metabolism and clearance.

4. ine Pathweny, F

5. Celecoxib Pathway, F

8. Citaloprar Pathwey, F
Pharmacokinetics of the selective serotonin reuptake inhibitor citalopram.

7. Clomi ine P athwey,

of i ism in human liver.

. Codeine and Morphine Pathway, Pharmacokinetics
Representation of the candidste genes invohved in metabolism of codeine and morphine,

8. Doxepin Pathway, Pharmacokinetics
Stylized liver call showing didste genes involved in the

of the tricyclic doxapin.

Representation of the candidate genes imvobved in metabolism of codeine and morphine.

Elimination <—"
win bilke

>
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Online Resources

m References

= QOther databases/gene
browsers

e NCBI
e Ensembl

e Online Mendelian
Inheritance in Man
(OMIM)

e GeneCard

Search

ﬁi) PharmGKB HOME | PUBLICATIONS | FEEDBACK | SIGN IN | {

'\ Pharmacogenomics. Knowledge. Implementation

About Us -~ Mews & Events CPIC

GENE;
CYP2D8
cytochrome P450, family 2, subfamily D, polypeptide &

Clinical PGx H PGx Research ” Overview ‘ VIP ‘ Haplotypes ” Pathways ” Is Related To H Fublications H LinkOuts |
LinkQuts
MNCEI Gene: RefSeq DNA; MutDE!
1565 NG 003180 CYP2D6
CMIM: NG 008376 ALFREL:
124030 NT 011520 LO000325K
506902 Web Resource: HugYEF:'ZDS
UCSC Genome Browser: hitp S imm.ki.se/CYPalleles/cyp2d6 htm e
NM 000106 UniProtiE: Comparative Toxicogenomics Database:
GenBank: QENWUD HUMAN (QENWUD} —
AY545216.1 QBNXUB_HUMAN (O8NXUS) ModBase:
. P10635
RefSeq RNA Ensembl
NI_000106 ENSE00000100197 HumanCyc Gene:
- H301997
NI 001025161 Ganatias
RefSeq Protsin CYP2D6 Hane:
e GeneCard:
NP 001020332 CYP2D6
Common Searches
« Search BioCarta and KEGG Pathways at CGAP
« Search Reactome

PharmGKB® is 3

PhaomGKE,
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Specialized Pharmacogenomic & Other Related
Websites

= Warfarin Dosing based on genotype of CYP2C9 & VKORC1:
http://www.warfarindosing.org/Source/Home.aspx

= Antiviral treatment for HIV based on viral genome mutations:
https://hivdb.stanford.edu/

= Cancer gene related markers (targets/resistance):
https://www.mycancergenome.org/
http://www.cancerrxgene.org/translation/Drug

> 4
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http://www.warfarindosing.org/Source/Home.aspx
https://hivdb.stanford.edu/
https://www.mycancergenome.org/
http://www.cancerrxgene.org/translation/Drug

Pharmacogenomic Websites

Clinical Decision Support KnowledgeBase (cdskb) - https://cdskb.org/

Clinical Genome Resource (ClinGen) -
https://www.clinicalgenome.org/

Clinical Pharmacogenetics Implementation Consortium (CPIC) -
https://cpicpgx.org/

Community Pharmacist Pharmacogenetics Network (CPPN) -
http://rxpgx.com/

EGenetics/Genomics Competency Center (G2C2) - http://g-2-c-2.org//

Implementing Genomics in Practice (IGNITE) - https://ignite-
genomics.org/

National Human Genome Research Institute -

https://www.genome.gov/ a,’hp

Mﬂ@iffﬁ@2076



https://cdskb.org/
https://www.clinicalgenome.org/
https://cpicpgx.org/
http://rxpgx.com/
http://g-2-c-2.org/
https://ignite-genomics.org/
https://www.genome.gov/

Be Careful of Online Resources

= SNPedia —is a wiki investigating human genetics.
e There are currently 87842 SNPs in SNPedia.

e Tested through companies such as 23andMe, Ancestry,
deCODEme, FamilyTreeDNA

e Same resources as other sites — dbSNP, PharmGKB,
ensembl, and gwascentral.

= DrugBank —is a unique bioinformatics and cheminformatics
resource that combines detailed drug data with
comprehensive drug target information.

ashp
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Multiple Choice Question

Which of the following resources is the best for clinical
information about pharmacogenomics?

@ www.ensembl.org

B www.ncbi.gov
www.pharmgkb.org

B www.snpedia.com

—4
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Points About Pharmacogenomics

" |mportance of pharmacogenomics:

e Maximize the benefits.

e Decrease the potential for adverse drug reactions.
= Several genetic resources are available

e Best gene browsers — NCBI & Ensembl

* PharmaGKB is able to give clinical guidelines for
some medications

ashp
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270-L01- Fitting into Our Genes:
Demystifying Pharmacogenomic Tests

Using Online Databases
Part 2

Eddie Grace, Pharm.D.,BCPS(AQ-ID),AAHIVP
Vice Chair/Associate Professor of Clinical and Administrative Sciences

Notre Dame of Maryland University
School of Pharmacy

Baltimore, MD




Disclosures

® Financial disclosure not related to the topic of discussion:
e BioQPharma

0 BioQ Pharma is a specialty pharmaceutical company
focused on infusible drugs

= Non-financial disclosure:
e Author in: Concepts in Pharmacogenomics
O Publisher: ASHP Publications 2016
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Objectives

At the end of this presentation, the audience should be able
to:

e Discuss the role of ABC transporters in drug resistance,
metabolism, and toxicity

e Determine the appropriate online resources for
pharmacists and clinicians to understand PGx test results

e Explain the significance of ABC transporter-drug
interactions as required by the FDA on package inserts

e Design a medication regimen based on pharmacogenomic
test results

m 1) Al
I Q?‘: f:’{llé )




| have seen new package inserts with ABC

transporter information included
2 True

O False
What is a “package insert”?

>
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Case

= EGis a 34 year old Caucasian male with a history of
hyperlipidemia and GERD. He is being discharged from the
hospital today on tedizolid for a MRSA infection. EG has been
on rosuvastatin 10mg PO daily for hyperlipidemia and plans to
continue the rosuvastatin upon discharge.

" You are alerted regarding the following drug-drug interaction
while verifying the order for tedizolid:

ashp
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Case Continued

1 DRUG INTERACTIONS

Orally administered SIVEXTRO |inhibits Breast Cancer Resistance Protein (BCRP)fin the intestine, which can increase the plasma

concentrations of orally administered| BCRP substratesand the potential for adverse reactions. If possible, an interruption in the

freatment of the co-administered BCRP substrate medicinal product should be considered during treatment with SIVEXTRO,

especially for BCRP substrates with a narrow therapeutic index

(e.g., methotrexate or topotecan

- If coadministration cannot be

avoided, monitor for adverse reactions related to the concomitantly administered BCRP substrates, including frosuvastatin,

Clinical Pharmacology (12.3).]

SIVEXTRO (Tedizolid Phosphate) Package Insert. Accessed October 5t, 2016 at:

http://www.merck.com/product/usa/pi_circulars/s/sivextro/sivextro_pi.pdf

ashp
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Based on the known information, which one of
the following is the most appropriate course of
action?

@ Increase rosuvastatin dose

B Decrease rosuvastatin dose by ~50%
Continue current rosuvastatin dose

B None of the above

> 4
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Transporters

= More than 400 transporters encoded in the human genome
= Two major transporter super families within humans
e Solute Carrier (SLC) transporters

0> 300 influx transporters for nutrient and drug
cell/organ uptake

e ATP-Binding Cassette (ABC) transporters
049 members with 7 subfamilies

Liang Y. Protein Cell 2015;6(5)334-350 GShp

Li Y. Adv Drug Delivery Rev 2016. Ahead of Print ADR 13061
& Y MIDYEAR 2016




SLC Transporters

= SLC transporters:
e Facilitative transporters

O Transport substrates down the gradient across a
membrane

e Active transporters

O Transport substrates against a gradient across the
membrane by coupling a downhill transport of a
different substrate

> Low Concentration High Concentration >
1 |
< High Concentration Low Concentration /
Liang Y. Protein Cell 2015;6(5)334-350 as p
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SLC Transporters

Gene Protein Location Substrates
SLC22A1 OCT1 Liver Thiamine, acetylcholine, metformin, acyclovir,
lamivudine, pentamidine, palitacel, and oxaliplatin
SLC22A2 OCT2 Kidney Creatinine, bile acids, acetylcholine,
norepinephrine, serotonin, metformin, pindolol,
propranolol, ranitidine, cisplatin, famotidine,
lamivudine, and procanimide
SLA22A3 OCT3 Kidney, liver, Creatinine, acetylcholine, dopamine,
placenta, heart, norepinephrine, serotonin, histamine,
and skeletal muscle | progesterone, testosterone, lidocaine, atropine,
prazosin, metformin, ranitidine, verapamil,
mitoxantrone, and lamivudine
SLC22A OCTN Ubiquitously Acetylcholine, pregabalin, tiotropium, doxorubicin,
4-5 expressed etoposide, verapamil
SLC22A6 OAT Kidney>liver and Adefovir, zidovudine, cipro, methotrexate,
brain pravastatin, antibiotics, NSAIDS, diuretics

Liang Y. Protein Cell 2015;6(5)334-350
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SLC Transporters

= Various SLC transporters (especially OAT) are associated with
drug toxicity due to upregulation of the transporters

e Associated with renal, liver, and heart disease

) Transporter
Drug > Gene Expre55|on>

Incin

intra- /
cellular ‘E'!“hq,!"
drug

conc MIOYEARUT6




SLC Transporters

PROXIMAL

TUBULAR URINE
CELL

/
ashp
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ABC Transporters

= Present in humans, animals, plants, and bacteria
= Considered efflux pumps (vs influx as with SLC transporters)
= Consist of families from ABCB-G
e EandF are not membrane transporters
= |n addition they play a role in:
e Potassium channels (SUR1, SUR2)
e Chloride channels (CFTR)
 Immunity (ABCB2, ABCB3)
e Bile breakdown (ABCB11, ABCB4, ABCG5, ABCGS)

Li W. Drug Resist update 2016;27:14-19 GShp

Locher K. Nat Struct Molec Bio 2016;23(6): 487-493 Mg@gfgﬁﬁ2076
Theodoulou F. Biochem Soc. Trans 2015;43:1033-1039
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ABC Transporter Locations

Foods/phytochemicals. f?’:v\

N 4o vl

Interaction with hepatic /\
transporters can affect

hepatic uptake and |
biliary excretion of drugs \

Interaction with renal
transporters can affec
drug excretion

Interaction withblood-

brain barrier transporters

can affect drug distribution
into brain

Interaction with

VN intestinal transporters

can affect drug
absorption and
bioavailability

Li Y. Adv Drug Delivery Rev 2016. Ahead of Print ADR 13061
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-

Lymphocyte

CYP3A4S Ny
L
CYP2BE

Pharmacogenomics and Genomics 2006;16:693-703

Blood—brain
barrier




ABC Transporters

Substrate

Hydrolysis

ashp
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ABC Transporters

= ABC genes are able to affect:
e ABC transporter location (intracellular vs extracellular)
 Tumor cell proliferation and invasion
e Defense against antitumor regulatory pathways

0 Decreased apoptosis and complement mediated
cytotoxicity

ashp
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ABC Transporters - Resistance

= Various ABC transporters are associated with drug resistance
due to increased ABC transporter gene expression

7

) Transporter
Drug Gene Expression

Dec in
Drug
Conc

in Cell > 4
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ABC Transporters

= Medications can act as:
* Inhibitor of ABC
O Inhibition of gene expression
O Inhibition of transporter
* Inducer of ABC
O Inducer of gene expression
e Substrate for ABC transporter

> 4
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ABC Transporters

= The most significant ABC transporters are
Gene/Transporter
« ABCB1/ABCB1 (P-glycoprotein)
e ABCG2/BCRP

> 4
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ABC Transporters — ABCB1

= ABCBI1 (Pgp) is the most studied ABC transporter

e Discovered in 1976
e First discovered in colchicine resistant cells
 Location:

0 Kidney proximal tubule epithelia

O Liver

O Placenta

O BBB

0 Gl tract (Colon > large intestines > small intestines >
stomach)

ashp

Chen Z. Cancer Letters 2016;370:153-164 ﬂiﬁiﬁﬁﬁ%ﬁg




ABC Transporters — ABCB1

Export of xenobiotics from
cells into extracellular
spaces (e.g. at the BBB)
or out of the body (e.g. in
the gut) and for renal and
hepatic clearance

Colchicine resistance,

uterine sarcoma, soft
tissue sarcoma, breast
cancer, inflammatory
bowel disease 13, lung
cancer, acute myeloid
leukemia, myeloma,
warfarin sensitivity,
postural hypotension,
cannabis dependence,
vaginitis, plasmablastic
lymphoma, pervasive
developmental disorder,
microsporidiosis, ileus,
neonatal abstinence
syndrome, 5-fluorouracil
toxicity, paralytic ileus,
engraftment syndrome,
ovarian
cystadenocarcinoma,
acute non lymphoblastic
leukemia

Digoxin, loperamide,
berberine, irinotecan,
doxorubicin, vinblastine,
paclitaxel, fexofenadine,
seliciclib

> 4
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ABC Transporters — ABCG2

= ABCG2 was first discovered in breast cancer cells resulting in
resistance to mitoxantrone

= Half-transporter (homodimer)
= |ocation:

* Intestine, liver, brain (including BBB), plasma membranes,
apical surface of proximal tubule cells, hepatocytes

® |mplicated in causing gout and decreased uric acid excretion

Chen Z. Cancer Letters 2016;370:153-164 MQQVEsﬂE2076
Theodoulou F. Biochem Soc. Trans 2015;43:1033-1039 Clinical Meeting & Ext




ABC Transporters — ABCG2

Regulation of intestinal Breast cancer, Anthracyclines,
absorption, biliary and choriocarcinoma, daunorubicin,
renal secretion of erythroplakia, acute doxorubicin, topotecan,
substrates and protection lymphocytic leukemia, SN-38, irinotecan,
of the fetus and brain dysembryoplastic methotrexate, imatinib,
from toxins: a major role neuroepithelial tumor, irnotecan, mitoxantrone,
in the multidrug adult acute lymphocytic nucleoside analogs,
resistance leukemia, nonpapillary prazosin, pantoprazole,

renal cell carcinoma, statins, topotecan

acute myeloid leukemia

> 4
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Selected substrates of P-gp/ABCB1, MRP2/ABCC2 and BCRP/ABCG2.

P-gp/ABCB1 Analgesics: asimadoline, fentanyl, morphine, pentazocine

Antiarrhythmics; amiodarone, digoxin, lidocaine, propafenone, quinidine, verapamil

Antibiotics: cefoperazone, ceftriaxone, clarithromycin, doxycycline, erythromycin, gramicidin A, gramicidin D, grepafloxacin, itraconazole,

ketoconazole, levofloxacin, rifampicin, sparfloxacin, tetracycline, valinomycin

Anticancer drugs: 5-fluorouracil, actinomycin D, bisantrene, chlorambucil, colchicine, cisplatin, cytarabine, daunorubicin, docetaxel, doxorubicin,

epirubicin, etoposide, gefitinib, hydroxyurea, irinotecan (CPT-11), methotrexate, mitomycin C, mitoxantrone, paclitaxel, tamoxifen, teniposide,

topotecan, vinblastine, vincristine

Antihistamines; cimetidine, fexofenadine, ranitidine, terfenadine

Antilipidemic: lovastatin, simvastatin

Calcium channel blockers: azidopine, bepridil, diltiazem, felodipine, nifedipine, nisoldipine, nitrendipine, tiapamil, verapamil

Fluorescent dyes: calcein AM (calcein acetoxymethylester), Hoechst 33342, rhodamine 123

HIV-protease inhibitors: amprenavir, indinavir, lopinavir, nelfinavir, saquinavir, ritonavir

Immunosuppressive agents: cyclosporin A, cyclosporin H, FK506, sirolimus, tacrolimus, valspodar (PSC-833)

Natural products; curcuminoids, flavonoids

Neuroleptics: chlorpromazine, phenothiazine

Others: BCECF-AM, bepridil, calcein-AM, diltiazem, endosulfan, leupeptin, methyl parathion, paraquat, pepstatin A, trifluoperazine, trans-flupentixol
MRP2/ABCC2  Antibiotics: ampicillin, azithromycin, cefodizime, ceftriaxone, grepafloxacine, irinotecan

Anticancer drugs: cisplatin, doxorubicin, epirubicin, etoposide, irinotecan, mitoxantrone, methotrexate,

SN-38, vinblastine, vincristine

Antihypertensives: olmesartan, temocaprilate

HIV drugs: adevovir, cidofovir, indinavir, lopinavir, nelfinavir, ritonavir, saquinavir

Others: ethinylestradiol-3-O-glucuronide, genistein-7-glucoside, p-Aminohippurate, phloridzin, quercetin 4-f-glucoside, vinca alkaloids
BCRP/ABCG2  Antibiotics: ciprofloxacin, norfloxacin, ofloxacin

Anticancer drugs: daunorubicin, doxorubicin, epirubicin, etoposide, gefitinib, imatinib, irinotecan, mitoxantrone, methotrexate, SN-38, teniposide,

topotecan,

Antivirals: delavirdine, lopinavir, lamivudine, nelfinavir, zidovudine

Antihypertensives; reserpine

Calcium channel blockers: nicardipine

Lipid lowering drugs: cerivastatin, pravastatin, rosuvastatin

Others: azidothymidine, chrysin, cyclosporin A, lamivudine, ortataxel, quercetin Chen Z. Cancer Letters 2016;370:153-164




ABC Transporters and Diseases

ABC transporter Disease
ABCAT Tangier disease and familial high density lipoprotein (HDL) deficiency;
atherosclerosis; Alzheimer's disease
ABCAZ Meonatal surfactant deficiency and pulmonary fibrosis; congenital cataract
ABCA4 Stargardt macular degeneration
ABCAT Alzheimer's disease
ABCA1Z Harlequin and lamellar ichthyosis

ABCB1 /transporter associated with antigen
processing (Tap)z; ABCB2 /Tap1

ABCBA/MDR2

ABCBY

ABCB11/bile salt export pump (BSEP)

ABCC2/MRP2
ABCCS/MRPS
ABCCE/MRP6
ABCCY /CFTR
ABCCE/SURT
ABCC9/SUR2

ABCD1 /adrenoleukodystrophy protein (ALDP)

ABCD3 /peroxisome membrane protein (PMP70)

ABCD4/PMP&9

ABCG2Z /breast cancer resistance protein (BCRP)

ABCGS: ABCGS
ABCB1,/P-gp; ABCC1/MRP1, ABCG2,/BCRP

Immune deficiency; arthritis risk

PFIC3; other types ot cholestasis

Sideroblastic amaemia and ataxia

PFIC2; intrahepatic cholestasis of pregnancy; neonatal respiratory distress
syndrome

Dubin-Johnson syndrome

Inherited hypertrichosis

Pseudoxanthoma elasticum

F

Diabetes

Diabetes

¥-linked adrenoleukodystrophy

¥-linked adrenomyeloneuropathy

Hepatosplenomedqaly; liver disease

Inborn error of vitamin B12 metabolism

Gout and hyperuricaemia

Sitosterolemia: coronary heart disease; gallstone disease

Multi-drug resistance

>
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Case Continued

Membrane Transporters

The potential for tedizolid or tedizolid phosphate to inhibit transport of probe substrates of important drug uptake (OATI, OAT3,

OATPIBI, OATPIB3, OCTI, and OCT2)|and fefflux transporters (P-gp and BCRP) was tested in vitro. No clinically relevant
interactions are expected to occur with these transporters except BCRP.

Coadministration of multiple oral doses of SIVEXTRO (200 mg once daily) increased the Cmax and AUC of rosuvastatin (10 mg
single oral dose), a known BCRP substrate, by approximately 55% and 70%, respectively, in healthy subjects [see Drug Interactions

()]
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SIVEXTRO (Tedizolid Phosphate) Package Insert. Accessed October 5t, 2016 at:
http://www.merck.com/product/usa/pi_circulars/s/sivextro/sivextro_pi.pdf




Based on the known information, which one of
the following is the most appropriate course of
action?

@ Increase rosuvastatin dose

B Decrease rosuvastatin dose by ~50%
Continue current rosuvastatin dose

B None of the above
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FDA and ABC Transporters

= 5o0f 12 drug withdrawn from the U.S. between 1997-2002
exhibited metabolic drug-drug interactions

= The U.S. Food and Drug Administration (FDA) has issued a
Guidance for Industry: Drug Metabolism/Drug Interaction
Studies in the Drug Development Process — Studies in Vitro”

e This guidance was first issued in 1997
e Updated in 2006

Guidance for Industry

Drug Interaction Studies —
Study Design, Data Analysis, Implications
for Dosing, and Labeling

Recommendations GShp

AAINRVEAD a4~
MIDYEAR2016
& Exhibition

Clinical Meeting &




Drugs

Home » Drugs » Development & Approval Process (Drugs) » Development Resources » Drug Interactions & Labeling

Drug Development and Drug Interactions
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Home » Drugs » Development & Approval Process (Drugs) * Development Resources » Drug Interactions & Labeling

Drug Development and Drug Interactions: Table
rug Development and Drug of Substrates, Inhibitors and Inducers

Interactions
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Drug Development and Drug
Interactions: Possible Models for

Decision-Making = CYP Enzymes
s In vitro
¥ Drug Development and Drug
Interactions: Table of = |n vitro marker reactions
Substrates, Inhibitors and

= [n vitro selective inhibitors

Inducers
= |0 vitro inducers

Drug Development and Drug
Interactions: Advisory Commitiee
Meetings = Clinical index substrates

o Clinical index drugs

= Clinical index inhibitors

Crug Development and Drug
Interactions: Publications = Clinical index inducers

e Examples of clinical substrates, inhibitors, and inducers
Drug Development and Drug

Interactions: Regulatory Guidance v Clinical substrates
and Manual for Policies and o o
Procadures = Clinical inhibitors

= Clinical inducers

COrug Development and Drug
Interactions: Related Links * Transporters

e In vitro
Drug Development and Drug
Interactions: Working Group

Members = [n vitro inhibitors

» |n vitro substrates

o Examples of clinical substrates, inhibitors and inducers

Drug Interaction Presentations
= Clinical substrates

Preventable Adverse Drug « Clinical inhibitors
- Reactions: A Focus on Drug




Table 5-1: Examples of clinical substrates for transporters (for use in clinical DDI studies and/or drug
labeling) (2/26/2016)

_ ABCB+1 dabigatran, digoxin, fexofenadine's!
BCRP ABCG2Z2 rosuvastatin, sulfasalazine

OATP1B1 SLCO181, asunaprevir, atorvastatin, bosentan, cerivastatin, danoprevir, docetaxel'3!
OATP1B3 SLCO183 fexofenadine'™, glyburide, nateglinide, paclitaxel, pitavastatin'®, pravastatin,
repaglinide, rosuvastatin'®', simvastatin acid
SLC22A8, adefovir'® cefaclor, ceftizoxime, famotidine'®, furosemide. ganciclowir'®!,
SLc22a8 methotrexate, oseltamivir carboxylate™ penicillin G
MATE1, SLCATAT, dofetilide, metformin
MATE-ZK, OCT2 SLCATAZ,
SLC2242

Mote:
Criteria for selecting clinical substrates are as follows:

P-gp: (1) AUC fold-increasez=2 with verapamil or gquinidine co-administration and {2) in vitro transport by P-gp
expression systems, but not extensively metabolized.

BCRF: (1) AUC fold-increasez=2 with pharmacogenstic alteration of ABCGZ2 (421C=A) and (2) in vitro transport
by BCRP expression systems.

OATP1B1/CATP1EBS: (1) AUC fold-increasez=2 with rifampin (single dose) or cyclosporine A co-administration, or
pharmacogenetic alteration of SLCO1B1 (521 T=C) and (2) in vitro transport by OATP1B1 or OATP1B2
expression systems.

OAT1/OAT3: (1) AUC fold-increase=1.5 with probenecid co-administration, (2) fraction excreted unchanged into
urine as an unchanged drug = 0.5, and (3) in vitro transport by OAT1 or OAT3 expression systems.

OCT2/MATE: Well-established substrate of cationic transport system (metformin) and a narrow therapeutic-

index drug (dofetilide).
(]
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Table 5-2: Examples of clinical inhibitors for transporters (for use in clinical DDI studies and drug labeling)
(9/26/2018)

BCRP ABCGZ2

OATP1B1, OATP1B3 SLCO181,
SLCO183

OAT1, OAT3 SLC22A8,
SLC22A8
MATE1, MATE2 K SLC4TAT,
SLC47AZ

Mote:
Criteria for selecting in vivo inhibitors are as follows:

T N L

P-gp'® ABCB1

amiodaraone, carvedilol, clarithromycin, dronedarone, itraconazole, lapatinib, lopinawvir
and ritonavir, propafenone. quinidine, ranolazine, ritonavir. saquinavir and ritonawvir,
telaprevir, tipranavir and ritonavir, verapamil

curcumin, cyclosporine A eltrombopag

atazanavir and ritonawir, clarithromycin, cyclosporine, ervthromycin, gemfibrozil,
lopinavir and ritonavir, rifampin (single dose), simeprevir

p-aminohippuric acid (PAH)™ probenecid, teriflunomide

cimetidine, dolutegravir, isavuconazole, ranalazine, trimethoprim, vandetanib

P-gp: (1) AUC fold-increase of digoxin =2 with co-administration and (2) in vitro inhibitor.

BCRP: (1) AUC fold-increase of sulfasalazine =1.5 with co-administration and (2) in vitro inhibitor. Cyclosporine
A and eltrombopag were also included, although the available DDI information was with rosuvastatin, where
inhibition of both BCRF and OATPs may have contributed to the observed interaction.

COATPIB1OATRPIEBS: (1) AUC fold-increase =2 for at least one of clinical substrates in Table 2-3 with co-
administration and (2} in vitro inhibitor.

CAT1T/OATI: (1) AUC fold-increase =1.5 for at least one of clinical substrates in Table 2-3 with co-administration

and (2) in vitro inhibitor.<_/li=

QCT2/MATE: (1) AUC fold-increase of metformin = 1.5 with co-administration and (2) in vitro inhibitor.
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Gene Specific Dosing

-
-{-[?:_; U.S. Department of Health and Human Services

Ato ZIndex | Follow FOA | En Espafiol
2N U.S. FOOD & DRUG
ADMINISTRATION D -

Home Food Drugs Medical Devices Radiation-Emitting Products Vaccines, Blood & Biologics | Animal & Veterinary | Cosmetics Tobacco Products

Drugs
Home Drugs Science & Research (Drugs) Additional Research Areas Genomics

Eaa Table of Pharmacogenomic Biomarkers in Drug
Owerview of the Genomics and Labell ng

Targeted Therapy Group

f shar

in LINKEDIN @ PinT | B EMaL | S PRINT

Fublications on Genomics

Pharmacogenomics can play an important role in identifying responders and non-responders to medications.

avoiding adverse events. and optimizing drug dose. Drug labeling may contain information on genomic biomarkers
and can describe:

+ Drug exposure and clinical response varability
+« Risk for adverse events

« Genotype-specific dosing

+ Mechanisms of drug action

= Polymorphic drug target and disposition genes
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Pharmacogenomic Biomarkers in Drug Labeling

Abacavir

Ado-Trastuzumabhb

Emtansine

Afatinib

Alectinib

Alirocumab

Amitriptyline

Anastrozole

Arformaoteral (1)

Arformaoterol (2)

Gene Specific Dosing

Therapeutic

Area* =

Infectious
Dizeases

Oncology

Oncology

Oncology

Endocrinology

Psychiatry

Oncology

Fulmonary

Pulmonary

Biomarkert

EREB2

EGFR

ALK

LDLR

CYP2D6

ESR1,
PGR

UGT1A1

CYP2D6

Referenced Subgroupt =

HLA-B*5701 allele
carriers

HER.2 protein
OVEerexXpression or gene
amplification positive

EGFR axon 19 deletion
or exon 21 substitution
(L858R) positive

ALK gene rearrangement
positive

LDL receptor mutation
heterozygotes

CYP2D6 poor
metabolizers

Hormone receptor
positive
UGT1A1 poor

metabolizers

CYP2D6 intermediate or
poor metabolizers

Labeling Sections

Boxed Warning, Contraindications,
Warnings and Precautions

Indications and Usage, Warnings
and Precautions, Adverse Reactions.
Clinical Pharmacology, Clinical
Siudies

Indications and Usage, Dosage and
Administration, Adverse Reactions,
Clinical Pharmacology, Clinical
Studies

Indications and Usage, Adverse
Reactions, Clinical Pharmacology,

Clinical Studies

Indications and Usage, Adverse
Reactions, Clinical Studies

FPrecautions
Indications and Usage. Adverse

Reactions, Drug Interactions, Clinical
Studies

Clinical Pharmacology

Clinical Pharmacology
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Are We there yet?
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Case

Index Gene SNP Geno Repute Magnitude Summary
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Key Takeaways

= Key Takeaway #1

e ABC and SLC transporters are present in all humans. Expression
of each transporter depends on medications, location, and
genes

= Key Takeaway #2

e Medications can induce cells to become resistant to other
medications

= Key Takeaway #3

e ABC transporters play a key role in drug-drug interactions, and
with time and additional research, knowledge of ABC drug-drug
interactions will become standard for all pharmacists
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Questions?

Thank you for your attendance

Eddie Grace, Pharm.D.,BCPS(AQ-ID),AAHIVP
EGrace@ndm.edu/DrEddie@ufl.edu
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