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How the body affects 
the medication

How medication 
affects the body

How genetics impact 
medication



WHAT IS PHARMACOGENOMICS (PGX)

“Find the right drug, at the right dose, the FIRST time”



HOW DOES PGX WORK?
• Buccal or blood sample taken from patient

• Sample is genotyped for genes and alleles 

• Report describes the genotype, phenotype and alleles measured

• Variation in Clinical Decision Support Software (CDSS) 

Ideal workflow report would be uploaded into an Electronic Medical 
Record (EMR) that integrates with both the lab and CDSS
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COST BURDEN OF 
NON-OPTIMIZED MEDICATION USE

• $528 billion estimated impact of 
improper medication therapy on 
U.S. annual healthcare spend

• $200 billion annual cost of 
treating each of the following 
diseases that drive pharmacy trend
• Cardiovascular disease (CVD)
• Diabetes
• Cancer

Watanabe JH, et al. Annals of Pharmacotherapy. 2018;52(9):829-837.



IMPORTANCE OF PGX
• 99% of individuals harbor a genetic variant that may 

impact medication response1

• Every two minutes in the United States a life is lost 
from non-optimized medication1

• Adverse Drug Reactions are the 4th leading cause      
of death in the US, ahead of pulmonary disease, 
diabetes, and automobile accidents2

• 50% of patients are on a prescription drug that is 
ineffective or toxic for them3

1. Nature. 2015; 526(7571): 68–74
2. JAMA 1998;279:1200–120

3. Epilepsia. 2001; 42 Suppl 5:31-4
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Source of Data: Community First Access to Care Report. 2022



PGX IN MENTAL HEALTH
• The standard of care in many aspects of mental 

health prescribing is a trial-and-error process that 
requires months per trial

• Insurance companies often require the patient has 
multiple documented medication failures. 

• The trial-and-error process can negatively affect 
multiple aspects of patient care
• Compliance
• Treatment resistant depression 
• Adverse drug reactions (ADRs)
• Patient-provider relationship
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NOMENCLATURE – CYP450 
ENZYMES
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Gene designated with the abbreviation CYP
Number indicating the gene family
Capital letter indicating the subfamily
Numeral for the individual gene



NOMENCLATURE CONT’D
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* (star) alleles – pharmacogenomic haplotype
Normal function/enzyme activity (wild type) denoted by *1
Altered function variant: *2, *3, *4, etc.
Single genes (CYP2C19) have many star alleles (e.g., CYP2C19*2, 
CYP2C19*3)
Results reported as diplotypes: CYP2C19*1/*17



ENZYME BIOLOGY
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ACTIVE DRUGS VS. PRODRUGS
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DRUG RESPONSE: ACTIVE DRUG

At steady state, we expect:

● PM – low-absent enzymatic activity; more 
likely to experience adverse effects due to 
high levels of unmetabolized drugs

● IM – possibly more adverse effects compared 
to NM due to decreased enzymatic activity 

● NM – typical response at standard doses

● UM – less likely to experience therapeutic 
effect at standard doses due to increased 
enzymatic activity

Toxic 
level

Therapeutic level

PM

IM

NM

UM



DRUG RESPONSE: PRODRUG
A prodrug is a biologically inactive precursor drug that must undergo chemical conversion before 
becoming an active pharmacological agent (active metabolite). 

At steady state, we expect:

● UM – more likely to experience adverse 
effects due increased/rapid formation of 
active metabolites

● NM – typical response at standard doses, 
possibly more adverse effects

● IM – typical response at standard doses; 
possibly less therapeutic effects

● PM – less likely to experience therapeutic 
effect since the inactive parent compound is 
not been converted to the active form



GUIDELINE & 
LITERATURE REVIEW



PGX INFORMATION RESOURCES
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CPIC

Clinical Pharmacogenetics 
Implementation Consortium 

Guideline actionable drug-gene 
pairs. 

Endorsed by mutiple medical 
societies

Indexed as guidelines in PubMed

PharmGKb

Data aggregate resource that 
identifies consistent genetic 
variant-drug response 
interactions.

FDA

The FDA publishes information 
on pharmacogenomic 
associations in three categories:

1. Sufficient scientific evidence 
for therapeutic management

2. Potential impact on safety 

3. Potential impact on 
pharmacokinetic properties only



CPIC LEVELS OF EVIDENCE

https://cpicpgx.org/prioritization/



CPIC 
level

Clinical context Level of evidence Strength of recommendation

A Genetic information should be used to change prescribing of affected 
drug.

Preponderance of evidence is high or 
moderate in favor of changing 
prescribing.

At least one moderate or strong action 
(change in prescribing) recommended.

A/B Preliminary review indicates it is likely that the definitive CPIC level 
will be either A or B.

Full evidence review needed to assess 
level of evidence, but prescribing 
actionability is likely.

Full review by expert guideline group 
to assign strength of recommendation.

B
Genetic information could be used to change prescribing of the 
affected drug because alternative therapies/dosing are extremely likely 
to be as effective and as safe as non-genetically based dosing.

Preponderance of evidence is weak 
with little conflicting data.

At least one optional action (change in 
prescribing) is recommended.

B/C Preliminary review indicates it is likely that the definitive CPIC level 
will be either B or C.

Prescribing actionability based on 
genetics is not clear without further 
evidence review.

Full review by expert guideline group 
to assess strength of recommendation.

C

There are published studies at varying levels of evidence, some with 
mechanistic rationale, but no prescribing actions are recommended 
because (a) dosing based on genetics makes no convincing difference 
or (b) alternatives are unclear, possibly less effective, more toxic, or 
otherwise impractical, or (c) few published studies or mostly weak 
evidence and clinical actions are unclear. 

Evidence levels can vary. No prescribing actions are 
recommended.

C/D Preliminary review indicates it is likely that the definitive CPIC level 
will be either C or D.

Evidence levels can vary. No prescribing actions are 
recommended.

D

There are few published studies, clinical actions are unclear, little 
mechanistic basis, mostly weak evidence, or substantial conflicting 
data. If the genes are not widely tested for clinically, evaluations are 
not needed.

Evidence levels can vary. No prescribing actions are 
recommended.

https://cpicpgx.org/prioritization/



PGX IN DEPRESSION & ANXIETY

J Psychiatr Res. 2018 Jan;96:100-107/
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PGx Tested Control

• PGx testing showed an increase in the 
number of patients with Major 
Depressive Disorder (MDD) who 
responded to antidepressant therapy

• Remission rates also improved

• 35% PGx vs. 13% standard of care

• NNT = 3

• Patients with severe depression to respond 
to treatment after 12



PGX IN MDD: GUIDED TRIAL

J Psychiatr Res. 2019, Apr;111:59-67
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• Large (n=1167) blinded, placebo-controlled 
study in outpatients with treatment resistant 
depression 

• PGx vs. treatment as usual
• No difference in symptom improvement on 

the HAM-D scale (27.2% vs. 24.4%, p=.107)
• Differences in response rates (26.0% vs. 19.9%, 

p=0.013) and remission rates (15.3% vs 10.1%, 
p=0.008) were significant in favor of PGx 
guided treatment 

• Patients switched off medications with 
significant gene-drug interactions showed 
greater improvements and fewer adverse effects 
than those that remained on them



PGX IN DEPRESSION: 
COMMUNITY PHARMACY
• Patients with depression or anxiety (n=213) presenting 

to a community pharmacy who were dissatisfied with 
their depression treatment. Blinded treatment groups of 
PGx vs. treatment as usual

• Patients in PGx group showed significantly greater 
improvements on PHQ-9 and GAD-7 than those in 
TAU after 6 months

• Prescribers were more likely to accept recommendations 
from pharmacist when PGx as used vs. not used 
• 75.2% vs. 52.85, p=0.001
• Prescribers were primarily PCPs
• Payor mix influenced recommendation acceptance

Clin Transl Sci. 2021 Jul;14(4):1359-1368



PGX IN DEPRESSION: META ANALYSIS 

Bradley P, et al. J Psychiatr Res. 2018 Jan;96:100-107/
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• 150 screened articles, 13 met inclusion criteria.
• 10 randomized controlled trials
• 3 open label trials

• Prospective, controlled trial assessing PGx efficacy in depression

• Relative risk of remission = 1.41

• Risk ratio increased in favor of genome guided treatment as
• Number of trials of antidepressants increased
• Depression severity increased



PGX IN DEPRESSION: VETERANS

• Randomized trial comparing PGx guided therapy to TAU (n=1944) over 
the course of 24 weeks

• Outcomes:
• Number of drug-gene interactions
• Remission based on PHQ-9 

• Increased minority representation

Results
• PGx guided care did help avoid negative gene-drug interactions. Response 

and reduction in symptoms favored PGx. 
• Remission rates were affected by race, PTSD, treatment resistant 

depression. 
• No assessment of treatment emergent adverse effects
• PGx arm achieved greater rate of remission over 24 weeks but did NOT 

significantly differ after 24 weeks
• Negative PGx trial in 

JAMA. 2022;328(2):151–161.



Drug Name Brand Name(s) Gene(s)
amitriptyline Elavil CYP2C19, CYP2D6

amoxapine Asendin CYP2D6

aripiprazole Abilify CYP2D6

aripiprazole lauroxil Aristada CYP2D6

atomoxetine Strattera CYP2D6

brexpiprazole Rexulti CYP2D6

citalopram Celexa CYP2C19

clomipramine Anafranil CYP2C19, CYP2D6

clozapine Clozaril, Versacloz CYP2D6

desipramine Norpramin CYP2D6

diazepam Valium CYP2C19

doxepin Silenor CYP2C19, CYP2D6

duloxetine Cymbalta, Drizalma Sprinkle CYP2D6

escitalopram Lexapro CYP2C19

CURRENT PGX APPLICATIONS: PSYCHIATRY



CURRENT PGX APPLICATIONS: PSYCHIATRY

Drug Name Brand Name(s) Gene(s)
fluvoxamine Luvox CYP2D6

iloperidone Fanapt CYP2D6

imipramine Tofranil CYP2C19, CYP2D6

lofexidine Lucemyra CYP2D6

nortriptyline Pamelor CYP2D6

paroxetine Brisdelle, Paxil CYP2D6

perphenazine Trilafon CYP2D6

protriptyline Vivactil CYP2D6

risperidone Perseris, Risperdal CYP2D6

sertraline Zoloft CYP2C19

thioridazine Mellaril CYP2D6

trimipramine Surmontil CYP2C19, CYP2D6

venlafaxine Effexor CYP2D6

vortioxetine Trintellix CYP2D6



TESTING 
CONSIDERATIONS



TESTING CONSIDERATIONS
31

Timing

Reactive “just in time” 

Proactive “just in case”

Turn around time and 
implication

Scope

Single gene  “targeted panel”

Multi gene  “broad panel”

Breadth of evidence in 
decision making process

FDA approval (23&me)

Reporting

Presentation of Clinical 
Decision Support Tools and 
information “lights vs. letters”

Is the evidence for each 
recommendation available?

Is the lab within a billable 
network?



OVERLAPS IN 
OTHER AREAS OF 

PRACTICE



IMPLICATIONS IN HAWAI’I

• A large majority of pharmacogenomic research is done on those of 
European ancestry (Caucasian)

• In 2019, 25% of Hawaii’s population was multiracial. Only 2.8% of 
the US population was multiracial. Whereas the United States was 
three-fourths Caucasian Alone, there was no majority race in Hawaii

• Asian American and Pacific Islanders (AAPI) have significantly 
different medication processing pathways than Caucasians and are 
more at risk for medication related complications

Annual Report on Findings from the Hawai‘i Physician Workforce Assessment Project Act 18, December 2022
Hawaii Population Characteristics, Census Hawaii 2019



Clin Transl Sci (2020) 12, 861-870.



• CYP2C19 *2 or *3 carriers have 
reduced hepatic 2C19 activity, 
lowering conversion of clopidogrel 
to its active metabolite

• The population of Hawaii is 42% 
East Asian, 24% White, 10% 
Pacific Islander

• *2 variant frequency is 23–45% in 
East Asians and 40–77% in 
Pacific Islanders

• Nearly double cardiovascular 
death rate as a percentage of 
patients suffering an AMI



PHENOCONVERSION:
THE ACHILLES HEEL 

OF PGX



DRUG-DRUG-GENE INTERACTIONS

• Phenoconverstion: the mismatch between the clinically observed 
phenotype and the genetically determined phenotype. We want to look 
at both drug-drug and drug-gene interaction. 

• Drug-drug-gene interactions (DDGIs) impact 1 in 4 patients on 
medications with high evidence of PGx interactions.

• 1 in 4 patients on a PGx medication are prescribed an inhibitor or 
inducer of the respective enzyme.

• Strongly supports the need to account for DDGI in CDSS



Journal of Personalized Medicine. 2022; 12(12):1972.



BARRIERS TO STANDARDIZATION

• Lack of Reimbursement 
• Between 15% and 20% of both privately and publicly 

insured individuals experience coverage disruptions or 
change plans each year* 

• Already overburdened healthcare system

• Technology has outpaced education

• Lack of electronic medical record infrastructure

• No pharmacogenomics labs on island

*JAMA Netw Open. 2022;5(2):e220320



HOT TAKES 40

• PGx in mental health has one of the larges benefits of any specialty area 
that could not only change, but truly save lives

• There is a possibility that the standard of care looks drastically different in 
Hawai’i than anywhere else in the United States

• Need to stop referring to personalized medicine as ‘the future’

• Consumers are more educated than ever before

• Pharmacists are playing a key role in PGx management and 
implementation across the country – team-based care is the answer



IF IT’S NOT SAFE, 
IT’S NOT CARE
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“
Dr. Tedros Adhanom Ghebreyesus
World Health Organization Director-General
2023 Global Ministerial Summit on Patient Safety

”



QUESTIONS?

THANK YOU!

Dr. Corrie L. Sanders, PharmD., BCACP, CPGx

Founder, Huna Health Pharmacogenomic Consulting

corrie@huna-health.com; huna-health.com 

mailto:corrie@huna-health.com


MEDICARE LCDS EXPANDED PGX 
COVERAGE
“PGx tests are indicated when medications are being considered for use (or already being administered) 
that are medically necessary, appropriate, and approved for use in the patient’s condition and are known 
to have a gene(s)-drug interaction that has been demonstrated to be clinically actionable as defined by the 
FDA (PGx information required for safe drug administration) or Clinical Pharmacogenetic 
Implementation Consortium (CPIC) guidelines (category A and B).”

Multigene panels can be performed when (as defined in the policy):

● More than one gene is reasonable and necessary for the safe use of the drug being considered or in 
use

● More than one drug is in consideration or use that is associated with a gene-drug interaction 
(includes multi-gene coverage for TCAs and SSRIs)

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

https://www.cms.gov/medicare-coverage-database/details/lcd-details.aspx?LCDId=38337

https://cpicpgx.org/genes-drugs/
https://www.cms.gov/medicare-coverage-database/details/lcd-details.aspx?LCDId=38337

