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Learning Objectives

Explain the differences seen
in enzymatic function and
metabolism among different
populations of individuals

Identify nutrients, food, or
supplements that may
enhance or worsen
enzymatic Phase | and Phase
Il detoxification

Provide three commonly
used drugs where adjusted
dosages may be needed
according to CPIC guidelines

Apply pharmacogenomics to
a specific case presented




Overview

Introduction to Pharmacogenomics

c

v Whatis it and why should we care
u  Enzyme metabolism- slow, intermediate, rapid metabolizers

u  CPIC guidelines,PharmGKB and additional approaches

u  Review of Phase | and Phase Il detoxification
u  Specific enzymes of interest

u  Drugs of interest

Cases

c

c

Time for questions




Personalized
Medicine

oThere ar e, Il n trut h, no s
since to know fully many of the most important
diseases a man must be familiar with their
mani festations i n many or

d William Osler




Mirage of Symptoms and Diagnoses

Other

Alpha-gal tickborne
iliness

SIBO Long-Covid PANDAS/PANS

Cancer

Gastroparesis

progression
non-responsive

When faced with a challenging case how do you best approach?



A 01-locerggzed 6 approach wil/l not
needed.

A 1- Energetics- emotional and spiritual aspects
A 2- Lifestyle, self -care, movement
A 3- Diet

A 4- Pharmacotherapy, pharmacogenomics, Phase | & II- allergies, familial
patterns, etc

support

P €



Re-Approaching Complicated Cases

.

AWnhat are the rare
symptoms or
reactions to food,
chemicals or
drugs?

AWnhat are they
reacting to?

ADo you have a

report?

ADetermine what
enzymes (Phase |
& I detox
pathway) or
other pathway is
most likely being
impacted based
upon the current

symptoms.

.

APrioritize and
start slow but
incorporate
lifestyle
behaviors, diet
and
supplementation.

AMonitor often and
refer.

J




Pharmacogenomics




What Is
Pharmacogenomics?

Also known as PGx

A branch of genetics concerned with
the way in which an individual's
genetic attributes affect the likely
response to therapeutic drugs

u  This is based upon the drug being
prescribed appropriately

How genes affect a

to drugs

u Whato ne pe
ot h S poi
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The goal is to try to match _
pharmacotherapy more appropriately

u  This is why many patients come to see
us due to adverse reactions or
inappropriate therapeutic responses



Pharmacogenetic Testing: A Tool for Personalized
Drug Therapy Optimization

Kristina A Malsagova 1, Tatyana V Butkova 1, Arthur T Kopylov !, Alexander A Izotov 1,
Natalia V Potoldykova 2, Dmitry V Enikeev 2, Vagarshak Grigoryan 2, Alexander Tarasov 3,
Alexander A Stepanov ', Anna L Kaysheva '

Affiliations + expand
PMID: 33352764 PMCID: PMC7765968 DOI: 10.3390/pharmaceutics12121240

Abstract

Pharmacogenomics is a study of how the genome background is associated with drug resistance
and how therapy strategy can be modified for a certain person to achieve benefit. The
pharmacogenomics (PGx) testing becomes of great opportunity for physicians to make the proper
decision regarding each non-trivial patient that does not respond to therapy. Although
pharmacogenomics has become of growing interest to the healthcare market during the past five to
ten years the exact mechanisms linking the genetic polymorphisms and observable responses to
drug therapy are not always clear. Therefore, the success of PGx testing depends on the
physician's ability to understand the obtained results in a standardized way for each particular
patient. The review aims to lead the reader through the general conception of PGx and related
issues of PGx testing efficiency, personal data security, and health safety at a current clinical level.

Keywords: genetic polymorphism; personalized medicine; pharmacogenetic test;
pharmacogenetics.




Nutrigenomics

Interaction of nutrition and genes in Oxford
relationship to prevention and also Dictionary
treatment for disease.

Relationship between nutrients, diet,

: Chadwick- 2004
and gene expression

The scientific study of the interaction

of nutrition and genes, especially with
regard to the prevention or treatment
of disease

doi: 10.1007/s13197-012-0775-z



https://dx.doi.org/10.1007%2Fs13197-012-0775-z

Utility of Pharmacogenomics
-Why should we care?

TABLE 1: EXAMPLES OF POOR/NON-RESPONDERS TO
VARIOUS THERAPIES"

u REd UCII’lg d|Sease Disease Therapy % of non-

responders
Various cancers Various 70-100%
u Reduce harm Asthma Beta-2 agonists 40-75%
Diabetes Sulfonylureas 25-50%
u  Toxicity - Top 200 drugs, Chemotherapy Depression Tricyctics, 20-40%,
! Selective Serotonin- 25-50%
- : Reuptake
u  Chronic disease- HTN, cholesterol Inhibitors (SRRIs)
Duodenal Ulcer Proton pump inhibitors 20-90%
Hypertension Thiazides 50-75%
u  Reduce drug therapy Beta-blockers 20-30%
Angiotensin converting
. enzyme (ACE) inhibitors 10-30%
u Can overtreat and thus undertreat disease Angiotensin | antagonists  10-30%
Osteo/Rheumatoid  Nonsteroidal Anti- 20-50%
. . g Arthriti Infl t D
u  Support for discontinuing pharmacotherapy e (NsaDy,

Cyclooxygenase-2
(COX-2) inhibitors

u  Drug resistance

*Principle: Do no harm or do the least harm

Andian Journal of Pharmaceutical Sciences 69(2). DOI:10.4103/0250-474X.33140



http://dx.doi.org/10.4103/0250-474X.33140

Top Conditions or lliness Where PGx is Used

u  Hypercholesterolemia
u  Depression

u  Anxiety

u  Cancer

u  Leukemia
u Breast cancer

u Colon cancer
u MS
u  HIV

u Cardiovascular disease
u  Clotting
u HTN




Greatest Utllity
of PGx Testing

Anti-coagulant therapy
u NSAIDs
u  Statins
u Anti-hypertensives
u  Antihistamines

u  Mental health
u SSRI
u Antipsychotics

u  Transplants and pediatric
cancer/nephrotoxicity




Indications for Testing

u Adverse reactions
u Elevated transaminases
u Allergic or histaminergic reactions
u  Pain- chronic, heightened
u  Worse symptoms or new symptoms

v Familial similar symptoms
u Poor response to drugs
u Gi Il bertds
u  Alcoholism in the family
u  Nonresponse to therapy

u  Cancer diagnosis or recurrence
u Breast cancer- ER+, PR+

u  Tamoxifen or aromatase inhibitors

12

u  Trends in US:
v $7.2Min 2021 to $11 M by 2027
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https://doi.org/10.1016/j.phrs.2024.107061

PGx Testing

u  Samples:
u  Saliva
u Buccal swab

u  Blood
u  Rinse mouth first
u  Proper sample
u  Enough of a sample

u  Results within 2 weeks




PGx Testing Companies

u  Novalab

u  Genesight

u Wellness Labs

u  Coriell Life Sciences

u 3D Imaging
u  Katalyst
u  Genetworx
u  ClarityX
u  Mantara

u PGx focus

CDx

GenTox
HudsonAlpha
Myriad Genetics
OneOme Mayo
AltheaDx
Cygenex
Geneticure
23andMe (limited)
Sonic
Genomind

https:// pharmacogenomics.pharmatechoutlook.com /vendors/top -pharmacogenomicscompanies.html




WhatWeKnow and Donot K

u Do Know u Dondot Know
u  Some SNPs (mutations) u Are they expressing?
u  Over hundreds of SNPs tested u  There are still ones that are imperative

. . t o know t hat arenot
u  Some testing takes into account

comorbidities and age u Some donot take i nto

u  Those drugs at highest risk within polypharmacy

the otypical/ common poPoé¢samdonaccount
exercise, or the microbiome

for

u  Still in its infancy
u Doesnot account
or stress

This is still an emerging field and thus it is important to step in with healthy dose of scrutiny mixed with optimism



Pharmacokinetics vs Pharmacodynamics

u  Pharmacokinetics (PK) study
of what the body does to the
drug

u  Movement of any drug going
into, through, and out of the
body

u Think ab o kitkingitk 6
out of the body

v Pharmacodynamics (PD) study
of what the drug does to the
body

u  The energy or power or how it
exerts its power on the body

u Think about oD6
drug does to the body

Understanding Pharmacokinetics (PK) and Pharmacodynamics (PD)

Patricia J. Simner, Johns Hopkins Medicine and Linda Miller, CMID Pharma Consulting

Figure 1: Interplay between Pharmacokinetics and Pharmacodynamics of Antimicroblal Agents

Pharmacokinetics

What does the body
do to the drug ?

e Absorption
Distribution
Metabolism

Excretion

f o

PK-PD

« Effect = antimicrobial activity

Pharmacodynamics

What does the drug do to
the organisms ?

= Desirable
v inhibit

* Undesirable

n and killing

adverse effects

https://www.bioagilytix.com/blog/the  -difference -between-pharmacokinetics-and-pharmacodynamics/ & https:// clsi.org/about/blog/understan



https://www.bioagilytix.com/blog/the-difference-between-pharmacokinetics-and-pharmacodynamics/

Drug Receptors

Drug Breakdown

Drug
Receptor Drug Broken-down
a Qs QQ Drug
Many receptors 2> 'L. Cell /\ [ Strong response to drug [] D [] D
S Normal breakdown > . [—1 2 ‘ mmmmm) Need the normal dose of drug
e ©
Few receptors = \ Cell ) [———=1 Weak response to drug r] D ” D
N Fast breakdown = . [——71 []ﬂ ‘ ) Need more drug or a different drug
vev® i
Noreceptors=> ( Cell ) —, No response to drug Slow breakdown > .‘ g . [] D mmmmmp Need less drug
"\__/
v e
Different type of receptors > | Cell v.') =i No response to drug
- o
Drug Uptake

Normal uptake 2 Cell —) - Cell - mmsmmmp Drug works as expected

Decreased uptake 2 Cell e Cell =) Drug can build up and cause problems

https:// www.cdc.gov/genomics-and-health/about/ pharmacogenetics.html



Intersections- Epigenetics

Proteomic Transcriptomic
Metabolomic

Epigenomic

Microbiomic Genomic

Personal Factors PK PD
Age

Sex

Ethnicity/Ancestry
BMI
Co-morbidity

Family history
Pregnancy

Time 2 . Concentration <>

v v
High Tolerability

High Efficacy

Low Tolerability
Low Efficacy

Low Tolerability = High Tolerability
High Efficacy Low Efficacy

Psychological Medicine 2023;53(16):7983-7993. d0i:10.1017/S0033291723002817

Drug Concentration =
Effect =

Environmental Factors
Nutrition
Drugs (drug-drug interaction)
Chemical exposures
Lifestyle (stress, smoking, etc)
Circadian rhythm
Adherence
Inflammation/Infection




Additional History

1957 2002 2018 - 2021
Motulsky published: Dru Human Cytochrome y
raaoﬂgnys,p:nzymesanf P450 (CYP)Allele 5004 - 2009 it rosodnad °‘g’;°19 2020
eno
biochemical genetics ;¢ ngi;‘g“’zhzztaba“ PGx Consortia 2009 allole selgedion "9 FDA clearance of
O Karlow published (CPNDS, DPWG, Epa starts adding recommendations 23andMe CYP2C19
first textbook on CPIC) formed  pGy information to test for citalopram
Pharmacogenetics product labels
i H00 2003 2017 2021
f: i Completion of PharmVar
actors to metabolism 1959 PharmGKB 1 an Genome 2008 - 2011 CPIC publishes established CPIC publishes st'::&ﬁ??:%": in
oo ot e Project ~ DPWG published  guidelines for guideline for xoss oS5l
'%gharma chetice’ guidelines for  antidepressants & atomoxetine psychiatry publis
cog antidepressants &  carbamazepine

antipsychotics

Aquilante et al; Pharmacogenomics. 2020 Feb; 21(6): 375i 386. doi: 10.2217/pgs-2020-0007 & Psychological Medicine 2023;53(16):7983-7993. doi: 10.1017/S0033291723002817



https://doi.org/10.2217%2Fpgs-2020-0007

Program or resource with website link

Description

AMP: Association of Molecular Pathology
https://www.amp.org/

CPIC: Clinical Pharmacogenetics Implementation Consortium
https:/cpicpgx.org/

e-MERGE: Electronic Medical Records and Genomics Network
https:/femerge-network.org/

IGNITE: Implementing Genomics in Practice
https:/gmkb.org/ignite-gdp/

PGRN: Pharmacogenomics Global Research Network
https://www.pgrn.org/what-is-pgrn.html

PharmCAT: Pharmacogenomics Clinical Annotation Tool
https://pharmcat.org/

PharmGKB: Pharmacogenomics Knowledge Base
https://www.pharmgkb.org/

PharmVar: Pharmacogene Variation Consortium
https://www.pharmvar.org/

> [t is an international non-profit scientific society that aims to enhance the science and clinical
practice of molecular and genomic laboratories

> It provides guidelines and global expertise in the field of molecular pathology
> It also provides recommendations for the choice of genetic variants that ought to be tested

> [t is an international consortium of volunteers and staff that aim to facilitate the use of PGx tests
in clinical care

> [t creates, curates, and posts freely available, peer-reviewed, evidence-based, updatable, and
detailed gene/drug clinical practice guidelines

> All guidelines are published in the Clinical Pharmacology and Therapeutics journal

> It is a US network of academic medical centers that integrate genomic data with EHR

> It aims to sequence and clinically implement relevant genotypes into healthcare through EHR
and CDS incorporation. It also aims to discover and assign phenotypes of rare and presumably

clinically relevant variants

> It provides resources and tools (informatics, education) including EHR and CDS infrastructure
to assist in the implementation of PGx into practice. CDS-KB (Clinical Decision Support
Knowledgebase) (https://cdskb.org/) is one of the tools that is supported by e-MERGE in
collaboration with IGNITE shown below

> Itis a US network that supports genomic implementation in healthcare setting

> It aims to develop, use, and evaluate new strategies and clinical models for implementing
individuals’ genomic information into clinical practice

> It provides a Toolbox for clinicians that consists of a collection of genomic practice models
related to disease diagnosis, pharmacogenomics and risk assessment. And for researchers, it
provides guides and educational material on data collection, laboratory testing, research and
training development tools. It has also developed a map for reimbursement of PGx tests

> It is a community driven international network that includes academic institutions, diagnostic
laboratories, biotechnology, pharmaceutical industry, and clinical practitioners

> It aims to guide and lead precision medicine for actionable variants, and to establish a
worldwide collaboration of PGx researchers with a focus on supporting PGx in developing
countries

> It provides its members with links to implementation resources, algorithms for PGx-based
dosing, PGx p ies for teact R h-in-Progress Seminar series (RIPS), and patient
education

> It is a software tool that can extract CPIC PGx variants and represent them with the suitable star
allele haplotype/diplotype

> It provides interpretation, and generates a report for the variant alleles
> Itis a publicly available resource that is responsible for the integration and dissemination of
information related to genomic variation and drug response

> It aims to help healthcare providers and researchers find information about genetic
polymorphisms and their effect on drugs’ efficacy and safety

> The website includes information and links to curated pathways, Very Important
Pharmacogenes (VIP), PGx prescribing information, drug label PGx annotations, as well as PGx
variant and clinical annotations based on updated evidence-based criteria

> It is a central repository for PGx haplotypes and allelic variants with a focus on drug
metabolizing enzymes

> It aims to facilitate basic and clinical research and the interpretation of PGx tests’ results

> It also provides a unifying designation system (nomenclature) for the global PGx community




CPIC Website Guidelines

Guidelines
CPIC Guidelines Genes-Drugs Alleles Publications Meetings Resources Working Groups Members Contact
CFTR and Ivacaftor ivacaftor
CYP2B6 and efavirenz efavirenz CYP2B6
CPIC guidelines are designed to help clinicians understand HOW available genetic test results should be used to optimize drug therapy, rather CYP2B6 and methadone methadone CYPZBE
than WHETHER tests should be ordered. A key assumption underlying the CPIC guidelines is that clinical high-throughput and pre-emptive
~ -~ . . : . : : : : ' . . CYP2C19 and Clopidagrel clopidogrel CYP2C19
(pre-prescription) genotyping will become more widespread, and that clinicians will be faced with having patients’ genotypes available even if )
they have not explicitly ordered a test with a specific drug in mind. CPIC’s guidelines, processes and projects have been endorsed by several dexlansoprazole
professional societies - read more. esomeprazole
. lansoprazole
L i . X o CYP2C19 and Proton Pump Inhibitors CYP2C19
Each CPIC guideline adheres to a standard format, and includes a standard system for grading levels of evidence linking genotypes to omeprazole
phenotypes, how to assign phenotypes to clinical genotypes, prescribing recommendations based on genotype/phenotype, and a standard pa:topraz[ole
system for assigning strength to each prescribing recommendation. The SOP for guideline creation has been published in Current Drug rebeprazole
Metabolism: Incorporation of Pharmacogenomics into Routine Clinical Practice: The Pharmacogenetics Implementation Consortium (CPIC), CYP2C19 and Voriconazole voriconazole CYP2C19
Guideline Development Process. The CPIC authorship guidelines contain more details on minimizing and managing conflicts of interest.
aceclofenac
View CPIC" f ioritizing_CPIC guideli celecoxib
iew s process for prioritizing guidelines diclofenac
flurbiprofen
Searchftamoxel x| ibuprofen
Guidelines Drugs Genes indomethacin
lornoxicam
CYP2C9 and NSAIDs X ) CYP2C9
CYP2D6 and Tamoxifen tamoxifen CYP2D6 lumiracoxib
meloxicam

Showing 1to 1 of 1 entries (filtered from 28 total entries) metamizole

nahumatone



Where Does PGx Stand Clinically?

A Over the last decade, implementation of pharmacogenomics in the clinical setting has
gained momentum, largely due to the availability of evidence -based clinical practice
guidelines that provide recommendations for translating pharmacogenomic test results
into actionable prescribing decisions for select medications

A Spans a variety of healthcare settings

A Academic health centers
A Community health centers C P I C
A Inpatient Clinical Pharmacogenetics

A Outpatient Implementation Consortium
A Pharmacies

A Mom and pop pharmacies are a great option

Aquilante et al; Pharmacogenomics. 2020 Feb; 21(6): 3751 386. doi: 10.2217/pgs-2020-0007


https://doi.org/10.2217%2Fpgs-2020-0007

CPIC andPharmGKBEvidence

[ Gene(s)/drug(s) J
I : |
[ Gene already subject to CPIC guideline } [ Gene not yet subject to CPIC guideline ]
I
Actionable in Nominated by CPIC PharmGKB Mentioned in
other professional member or Annotation level professional
society guidelines recommended by 1A, 1B, 2A or 2B society guidelines
external group but not actionable
(e.g. FDA, EMA)
I

Evaluate alternatives, evidence ‘ ‘ Evaluate alternatives, evidence, degree of testing
CPIC level A or B: CPIC level C: CPIC level D:
Prescribing action recommended; No prescribing change based on PharmGKB annotation only;
alternative therapies or dosing are genetics; alternatives are unclear no prescribing action
highly likely to be effective and safe or evidence is weak but testing is recommended; alternatives
common or gene is CPIC level A or unclear or evidence is
B for other drugs weak; testing is rare

https://  cpicpgx.org/prioritization/#flowchart




Examples of Evidence

# Gene Drug - CPIC CPIC Level PharmGKB Level of CPIC Publications
Guideline . PGx on FDA Label
(n=315) (unique = 34) (unique =164) Level Status Evidence (PMID)
. - . . . + 24561393
1 HLA-B abacavir Guideline A Final 1A Testing Required
* 22378157
. o ) Testing « 23232549
2 HLA-B allopurinol Guideline A Final 1A
Recommended .2 4938
3 MT-RNR1  amikacin Guideline A Final 1A Actionable PGx e 34032273
23486447
4 CYP2C19  amitriptyline Guideline A Final 1A :
* 27997040
I - . . * 23486447
5 CYP2D6 amitriptyline Guideline A Final 1A Informative PGx
« 27997040
6 UGT1A1 atazanavir Guideline A Final 1A e 26417955
7 CYP2D6 atomoxetine Guideline A Final 1A Actionable PGx « 30801677

8 SLCO1B1  atorvastatin Guideline A Final 1A 35152405




PG
*a PHARMGKB Publications Blog Downloads Contact @0 Focus

Search PharmGKB Q

Search for a molecule, gene, variant, or combination

Want Personalized PGx Recommendations? Interested in Pediatric Pharmacogenomics?

g N Try the GSI (Genotype Selection Interface) to access and compare @, Read about pediatrics on PharmGKB through
pharmacogenomic prescribing information from CPIC, DPWG, and FDA r the Pediatric Dashboard. Turn on the Pediatric
R( based on the genotypes you enter. Focus (using the Focus menu above) to
- highlight available pediatric information. See Pediatric
g F’ Help for more information.

X

Try DDRx (DNA-Driven Prescribing), to access the same prescribing
information with a focus on actionability in a mobile-centric web app.

PharmGK®s a registered trademark of HHS and is financially supported by NIH/NHGRI/NICHD/NIDA. It is managed at Stanford University



B acetaminophen

Overview

Prescribing Info

Drug Label Annotations @

Clinical Annotations

Variant Annotations

Literature

Pathways

Related To

Links

PRESCRIBING INFO DRUG LABEL ANNOTATIONS CLINICAL ANNOTATIONS
3 E 4 EARCY:!
|

¥ Pediatric

Structure
& large version
@ 3D version
source: PubChem
H /L
‘N 0
0
H
Type : Drug

PharmGKB ID : PA448015

PATHWAYS

P 3




Example of Acetaminophen Using
PharmGKB




PGx Drug Metabolism

A Poor Metabolizer (PM): Enzyme
function is severely decreased,
or non-functional

Patients with same condition

A Intermediate Metabolizer (IM):
Enzyme function is decreased
but still present

A Normal Metabolizer (EM):
Normal, or wild -type
metabolizer

A Ultra -Rapid Metabolizer (UM): No response
Increased metabolic function

Bad side effects

Su%dm
7N
= ||| |<||=

Poor Intermediate Extensive
Metabolizer Metabolizer Metabolizer

Genotype-specific dosages




Additional Training in PGX

> & 23 genome.gov/!

[ UoC stuff =g Signin to Outlook @ Hub - Planner

National Human Genome
Research Institute

...Begin your search here Q

eSS

nomenclature and how to apply pharmacogenomics information into
clinical decision making.

S e e e SR e S

Author: Spoorthy Reddy, BS.

External Reviewers: Christina Aquilante, Pharm.D. and Kathleen
Giacomini, Ph.D.

Pharmacogenomics Resources

Educates healthcare professionals about evidence-based
pharmacogenomic resources from the Food and Drug Administration
(FDA), the Clinical Pharmacogenetics Implementation Consortium
(CPIC), and the Pharmacogenomics Knowledgebase (PharmGKB).

Authors: Philip Empey, Pharm.D., Ph.D. and Ben Brown, B.S.

External Reviewers: Kelly Caudle, Pharm.D., Ph.D. and Wendy
Rubinstein, M.D., Ph.D.




Detoxification Refresher:
Phase 1 & Phase Il




Resources

u  Phase | & Phase Il detoxification
u GeneticLifehacks.com

u www.genecards.com

u  Pubchem
u https://pubchem.ncbi.nlm.nih.gov/

u  Genecards

u Www.genecards.com
u  PharmGKB
u https://www.pharmagkb.org/

u  CPIC
u https://cpicpgx.org/quidelines/

Detoxification Pathways
Toxins = Phase |

Drugs Mainly in Liver

Insecticides Breaks down fatty
Pesticides toxins
Pollutants

Genes include:
Breakdown products CYP1A2, CYP2C19,
from hormones, CYP2D6, CYP3A4

neurotransmitters and more!



http://www.genecards.com/
https://pubchem.ncbi.nlm.nih.gov/
http://www.genecards.com/
https://www.pharmgkb.org/
https://cpicpgx.org/guidelines/

Phase | and Phase Il Enzymes

, PHASE | - FUNCTIONALIZATION OF COMPOUNDS PHASE Il - CONJUGATION HYDROPHILIC
CYPS it *
XENOBIOTICS \ Co%s on

ELECTROPHILES *
SULTs S
/ 0‘
ENDOGENOUS UGTs « \

COMPOUNDS / N
)

cyps Mydrolysis NATSs -

reduction O s— Inmmp @

MTs "
\ W ’
NUCLEOPHILES AA-Ts ‘¢' ,
AFLATOXIN ACTIVATION l
AND DETOXIFICATION y
4

MGSTs, GGTs, NATs MERCAPTURIC

FOOD S
CONTAMINANT @ Cee— O ee— P ¥ reactome

https://  reactome.org / PathwayBrowser#R -HSA211859



Routes of Elimination of the Top 200
Most Prescribed Drugs
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Percentage of drugs
?

&
]

Copyright © 2005 Nature Publishing Group
Nature Reviews | Drug Discovery




Tips and Tricks

u Learn 2-3 enzymes well

u  Start with a case that is stumping
you (we all have them!)

u  Start support low and slow

u  Find providers willing to run
pharmacogenomics testing or
willing to be curious




Phase |
Detoxification
Enzymes




CYPs

https:// health.selfdecode.com /blog/the -science-of-detoxification/



