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Explain the rationale 
and evidence for using 
PGx-guided prescribing

01

Identify care situations 
where PGx testing could 
be useful

02

Describe key 
considerations for using 
PGx-guided prescribing 
in practice 

03

At the end of this session, you will be able to:
Learning Objectives
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At the population level 
medications are efficacious and tolerable

The Rationale
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At the individual level 
efficacy and tolerability can vary

The Rationale



Clinical Guidelines

Therapeutic Drug 
Monitoring 

Symptoms, Severity & 
Demographics

Liver/Kidney 
Functioning

Pharmacogenetics

Personalized Prescribing Strategies



Pharmacodynamics
“What a Drug Does to the Body”

Pharmacokinetics
“What the Body Does to a Drug”

receptors, ion channels, signaling pathways
Activity

ADME
absorption, distribution, metabolism, elimination

Uses gene8c informa8on to predict
a person’s ability to process & react to medica8ons  

Pharmacogenetics



Note: Pro-drugs will have the inverse relationship

Genotype Predicted Phenotype

PK studies

Pharmacogenetics in a Nutshell
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The Evidence

Evidence does not support association

Multiple replications, large effect

Multiple replications, small effect

Single positive study or conflicting findings
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Data Source: h.ps://www.pharmgkb.org/

Prescribing Guidelines

# of medications with pharmacogenetic-
based prescribing guidelines
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Infectious Disease
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>160 medications have 
pharmacogenetic-based 
prescribing guidelines

Dutch Pharmacogenetic 
Working Group



14

7 genes & 38 medica8ons

Pharmacogenetic Guidelines - Psychiatry



The current evidence supports PGx testing for 
specific:
• Antidepressants (CYP2C19 & CYP2D6)
• Antipsychotics (CYP2D6)
• Mood stabilizers (CYP2C9, HLA-A, HLA-B)
• ADHD medications (CYP2D6)

The current evidence does not support PGx 
testing for:
• Anxiolytics/Hypnotics  
• Addiction medications
• Genetic variants in pharmacodynamic genes 

(e.g., SLC6A4, COMT, MTHFR, DRD2) 

Consensus Recommendations

Pharmacopsychiatry (2021) 



Clinical Presentation: Patient was admitted to hospital with suicidal 
ideation and catatonic symptoms. Prior to admission the patient was 
given trials of citalopram and escitalopram at maximum doses but 
showed minimal response. Decision was made to start ECT. Patient’s 
mental state improved, and they were prescribed sertraline prior to 
discharge from hospital. Shortly after discharge, depressive 
symptoms recurred, and the patient was re-admitted. PGx testing 
was ordered.

 

*Based on a case published by: Bousman et al, Chapter 7, Precision Psychiatry, APA Publishing, 2021

Case Example #1

Gene Genotype Predicted Phenotype
CYP2B6 *4/*4 Ultrarapid Metabolizer
CYP2C19 *17/*17 Ultrarapid Metabolizer
CYP2D6 *2/*17 Normal Metabolizer
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Multiple 
replications, 
Large effect

Dosing Guidelines
(es/citalopram and sertraline)

“Consider an alternative drug not 
predominantly metabolized by 
CYP2C19.”

CYP2C19 Substrates
citalopram

escitalopram
sertraline 

(CYP2C19 & CYP2B6)

Case Example #1
Gene Genotype Predicted Phenotype
CYP2B6 *4/*4 Ultrarapid Metabolizer
CYP2C19 *17/*17 Ultrarapid Metabolizer
CYP2D6 *2/*17 Normal Metabolizer

Drug Labels mention CYP2C19
(citalopram & escitalopram)



Case Conclusion:
• Sertraline was discontinued 

• Paroxetine was prescribed (CYP2D6 substrate)

• Patient was discharged three weeks later and remains well in the 
community with no further relapses

Take Home Message:
• PGx testing could significantly reduce these types of experiences, 

expedite time to response, & avoid unnecessary treatments

Case Example #1



PGx

What to 
test?

Who to 
test?

When to 
test?

Where to 
test?

How to  
interpret? 

Clinical Implementation of PGx FAQs



< 60% agreement in prescribing 
advice across tests

Bousman & Dunlop, The Pharmacogenomics J, 2018

Test providers are not using the same playbook

Cautionary Content

Good face validity

Good biological plausibility
 

Inconclusive clinical validity

Bousman & Hopwood, The Lancet Psychiatry, 2016

35%

10%

30%

40%

35%

Example cautionary
gene-drug pairs

DRD2 Antipsychotics

COMT Methylphenidate 

SLC6A4 SSRIs

CYP1A2 Clozapine

L-methylfolateMTHFR

What to Test?



Clinical Presentation: Patient was admitted to the hospital on an 
involuntary basis due to bizarre behavior & command hallucinations. 
History of multiple medication failures (haloperidol, paliperidone, 
olanzapine, ziprasidone, citalopram, lithium, valproic acid). Treatment 
team decided clozapine was the next best step. Patient’s family and 
family doctor opposed this decision based on pharmacogenetic testing 
results ordered by the patient’s family doctor.    

Gene Predicted Phenotype
HLA-B Negative
CYP2C19 Normal Metabolizer
CYP2D6 Normal Metabolizer
UGT2B15 Normal Metabolizer
DRD2  rs1799732 Poor responder (clozapine, olanzapine, risperidone)

*Based on case published by: Rahman et al, Am J Psych, 2017

Case Example #2



Evidence for DRD2 and Clozapine

No Mention on Drug Labels No Dosing Guidelines
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Not yet 
replicated or 
conflicting 
findings

Case Example #2

Gene Predicted Phenotype
HLA-B Negative
CYP2C19 Normal Metabolizer
CYP2D6 Normal Metabolizer
UGT2B15 Normal Metabolizer
DRD2  rs1799732 Poor responder (clozapine, olanzapine, risperidone)



Case Conclusion:
• Clozapine was commenced after approval from the medical 

director and the patient consented 

• The patient responded rapidly and was discharged – gradually 
returned to their previous level of functioning.

Take Home Message:
• Only implement gene-drug pairs that have prescribing guidelines

Case Example #2



Who should be offered testing?
No consensus but there are evidence-based indications

No response despite 
high adherence 

Side effects at low 
doses 

Deprescribing
Reluctance or low 

adherence to 
pharmacotherapy 

Starting a drug with 
a PGx guideline



Who should be offered testing?

Modest agreement that PGx 
testing should be used to inform:
• Selection
•Dosing 
• Switching
• Augmentation 
•Deprescribing

Bousman et al., AJGP, 2022

N = 40

Psychiatrists’ Perceptions



Clinical Presentation: Patient was brought to an emergency psychiatric 
clinic for hallucinations, delusions of persecution, and disorganized 
speech. Patient was prescribed aripiprazole but experienced intolerable 
side effects within 4 days. Switched to risperidone but after 1 week 
presented with intolerable side effects. Patient refused clozapine, 
olanzapine, & quetiapine owing to weight gain concerns but accepted 
haloperidol, which resulted in tremors, stiffness, and notable 
anhedonia. Treatment team decided to order PGx testing.

*Based on case published by: Korchia et al, J Psychiatry Neurosci 2023;48(1)

Case Example #3

Gene Predicted Phenotype
CYP2C19 Normal Metabolizer
CYP2D6 Poor Metabolizer



Evidence & Guidelines

High

Moderate

Low

UnsupportedSt
re

ng
th

 o
f E

vi
de

nc
e

Multiple 
replications, 
Large effect

Dosing Guidelines
(aripiprazole, risperidone, 

haloperidol)

Aripiprazole: “Use 68-75% of the 
standard maximum dose

Risperidone: “Use 67% of the 
standard dose”

Haloperidol: “Use 60% of the 
standard dose”

CYP2D6 Substrates
aripiprazole
risperidone
haloperidol

Case Example #3

Drug Labels mention CYP2D6
(aripiprazole & risperidone)

Gene Predicted Phenotype
CYP2C19 Normal Metabolizer
CYP2D6 Poor Metabolizer



Case Conclusion:
• Paliperidone was commenced (limited metabolism by CYP2D6)
• The patient responded rapidly and was discharged. 

Take Home Message:
• In patients presenting with higher sensitivity to drug associated 

adverse events, PGx testing should be considered. 

Case Example #3



Who should be offered testing?
Managing Expectations!

PGx testing CANNOT:
• Identify the ‘best’ medication for an individual
•Determine if a medication will work
•Eliminate the risk of side effects/adverse drug reactions 

PGx testing CAN:
•Enhance other prescribing strategies (e.g., TDM)
•Reduce uncertainty related to prescribing 
•Reduce the probability of inefficacy or toxicity to certain medications



Reactive
Drug selection and 

dose based on 
clinician experience

PGx 
testing

Unfavorable 
response

/side-effects

Three main approaches

Point-of-Care
Drug selection and 

dose based 
on PGx profile

PGx 
testing

Pre-emptive
Drug selection and 

dose based 
on PGx profile

PGx 
testing

When is the best time to order a test?

CYP2C
19

*2. *3, *17

63% of CAPs asked to 
order PGx by family
Soda et al, Psych Res, 2023 

Some Canadians are 
covered for PGx 

testing (indication specific)



When is the best time to order a test?

Bousman et al., AJGP, 2022

N = 40

Modest-strong agreement that PGx 
testing should be offered:
• After non-response >1 drug
•Onset of an ADR 
• Treatment-resistant conditions
• FDA recommended 
• PGx guideline available

Reactive

Point of Care

Psychiatrists’ Perceptions

Preemptive



Evidence based

Accredited 

Transparent

Supportive

1

2

3

4

….but inferior labs existNo lab is superior to all others

Do they strictly follow the 
guidelines?

Do they have CAP, CLIA, or 
equivalent accreditation?

Clear about what & how they test?
How they translate results into 
recommendations?

Do they provide result 
interpretation support?

Bousman et al., Clin. Pharmacol. Ther., 106 (2), 2019

Where to order a test?

Best Practices for 
choosing a lab



Where to order a test?
There are several private Canadian labs

Biron Genetique

Dynacare

DNALabs

GeneYouIn

Inagene

Personalized Prescribing

GenXys

Private Labs Turnaround (days)

5-10

6-8

10

5-15

7-10

7-10

7-10

Cost (CAD)
$499

$399

$599

$349

$499

$499

$495



10 Canadian Insurance Providers Cover PGx Testing

Biron Health Group

Brubaker-Plitt & Bousman, Pharmacogenetics and Genomics , 2025

Where to order a test?



Target population
• Age 12 – 17 
• Primary diagnoses of depression or anxiety
• Starting a new SSRI

Funding partner

Target population
• Age 6 – 24
• ADHD diagnosis
• Starting a methylphenidate 

Funding partner

Where to order a test?
Free PGx Testing for Youth in Western Canada

Referrals should be sent to:
psychpgxlab@ucalgary.ca

mailto:psychpgxlab@ucalgary.ca


How to interpret test results?
Reports are not standardized 

nor are they regulated
Source of recommendation

Gene linked to 
recommendation

Genotype 
results



www.sequence2script.com 
Bousman et al, 2021 Front Pharmacology

Get a Free Second Opinion

How to interpret test results?

http://www.sequence2script.com/


PGx testing is a companion decision-
support tool that can enhance not replace 

current prescribing strategies 

1

The impact of PGx depends heavily on the 
quality of the testing and appropriate 

interpretation of results
2

3

PGx testing is an evidence-based strategy 
to inform prescribing of several psychiatric 

medications 

Take Home Points



Contact:

Chad Bousman
Professor
Department of Medical Genetics
University of Calgary
chad.bousman@ucalgary.ca

Moraine Lake, Banff National Park, Alberta, Canada

Thank You!


