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Learning Objectives

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

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

Identify nutrients, food, or 
supplements that may 
enhance or worsen 
enzymatic Phase I and Phase 
II detoxification

Apply pharmacogenomics to 
a specific case presented



Overview

u Introduction to Pharmacogenomics

u What is it and why should we care

u Enzyme metabolism- slow, intermediate, rapid metabolizers

u CPIC guidelines, PharmGKB, and additional approaches

u Review of Phase I and Phase II detoxification

u Specific enzymes of interest

u Drugs of interest

u Cases

u Time for questions



Personalized 

Medicine

òThere are, in truth, no specialties in medicine, 

since to know fully many of the most important 

diseases a man must be familiar with their 

manifestations in many organsó.

ðWilliam Osler



Mirage of Symptoms and Diagnoses

POTS IBD Lyme

Alpha-gal
Other 

tickborne 
illness

Gastroparesis

SIBO Long-Covid PANDAS/PANS

Cancer 
progression-

non-responsive
MCAS

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



4-Legged 
Approach 

A ò1 or 2-leggedó approach will not support the person. All 4 legs are 
needed.

Å1- Energetics- emotional and spiritual aspects

Å2- Lifestyle, self -care, movement

Å3- Diet

Å4- Pharmacotherapy, pharmacogenomics, Phase I & II- allergies, familial 
patterns, etc



Re-Approaching Complicated Cases

Step 1

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

ÅWhat are they 
reacting to? 

ÅDo you have a 
report? 

Step 2

ÅDetermine what 
enzymes (Phase I 
& II detox 
pathway) or 
other pathway is 
most likely being 
impacted based 
upon the current 
symptoms.

Step 3

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

ÅMonitor often and 
refer.



Pharmacogenomics



What is 
Pharmacogenomics? 

u Also known as PGx

u 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

u How genes affect a personõs response 
to drugs

u Whatõs one personõs therapy is 
anotherõs poison

u 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





Nutrigenomics

10.1007/s13197-012-0775-z

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

Oxford 
Dictionary

Relationship between nutrients, diet, 
and gene expression

Chadwick- 2004

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?

u Reducing disease

u Reduce harm 

u Toxicity - Top 200 drugs, Chemotherapy

u Chronic disease- HTN, cholesterol

u Reduce drug therapy

u Can overtreat and thus undertreat disease

u Support for discontinuing pharmacotherapy

u Drug resistance

*Principle: Do no harm or do the least harm

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

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


Top Conditions or Illness 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 Utility 

of PGx Testing

u 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

u Familial similar symptoms

u Poor response to drugs

u Gilbertõs

u Alcoholism in the family

u Non-response to therapy

u Cancer diagnosis or recurrence

u Breast cancer- ER+, PR+

u Tamoxifen or aromatase inhibitors

u Trends in US:

u $7.2 M in 2021 to $11 M by 2027

https://doi.org/10.1016/j.phrs.2024.107061

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

u CDx

u GenTox

u HudsonAlpha

u Myriad Genetics

u OneOme- Mayo

u AltheaDx

u Cygenex

u Geneticure

u 23andMe (limited)

u Sonic

u Genomind

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



What We Know and Donõt Know

u Do Know

u Some SNPs (mutations)

u Over hundreds of SNPs tested

u Some testing takes into account 

comorbidities and age

u Those drugs at highest risk within 

the òtypical/common populationó

u Still in its infancy

u Donõt Know

u Are they expressing?

u There are still ones that are imperative 

to know that arenõt tested

u Some donõt take into consideration 

polypharmacy

u Doesnõt account for dietary factors, 

exercise, or the microbiome

u Doesnõt account for antioxidant status 

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 about òKó for kicking it 
out of the body

u 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 òDó for what the 
drug does to the body

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

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


Factors Related to Drug Response

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



Intersections- Epigenetics 

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



Additional History Clinically

Aquilante et al; Pharmacogenomics. 2020 Feb; 21(6): 375ï386. 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


*

*



CPIC Website Guidelines

https:// cpicpgx.org/guidelines/



Where Does PGx Stand Clinically?

Å 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

Å Spans a variety of healthcare settings

Å Academic health centers

Å Community health centers

Å Inpatient

Å Outpatient

Å Pharmacies

Å Mom and pop pharmacies are a great option

Aquilante et al; Pharmacogenomics. 2020 Feb; 21(6): 375ï386. doi: 10.2217/pgs-2020-0007

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


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

CPIC and PharmGKB Evidence



Examples of Evidence

https:// cpicpgx.org/genes-drugs/



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





Example of Acetaminophen Using 

PharmGKB



PGx Drug Metabolism

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

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

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

Å Ultra -Rapid Metabolizer (UM): 
Increased metabolic function

https://www.genengnews.com/magazine/249/pharmacogenomics -adds-precision-to-the-practice -of-medicine/

https:// www.genengnews.com/magazine/249/pharmacogen

omics-adds-precision-to-the-practice -of-medicine/



Additional Training in PGx



Detoxification Refresher: 
Phase 1 & Phase II



Resources

u Phase I & Phase II 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.pharmgkb.org/  

u CPIC 

u https://cpicpgx.org/guidelines/  

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


Routes of  
elimination of  
the top 200 
most prescribed 
drugs 

Phase I and Phase II Enzymes 

https:// reactome.org / PathwayBrowser/#/R -HSA-211859



Routes of  
elimination of  
the top 200 
most prescribed 
drugs 

Routes of Elimination of the Top 200 

Most Prescribed Drugs

Wienkers et al; Nature Reviews Drug Discovery4(10):825-33 DOI:10.1038/nrd1851



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 I 

Detoxification 

Enzymes



CYPs

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

*

*

*


