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CES presentations are meant to provide general information about child and youth health and wellness and are 

for educational purposes only. The information provided is not intended to be a substitute for seeking medical 

advice. Please contact your Family Physician and/or licensed healthcare professional/team for follow-up on 

appropriate diagnoses, and or treatment for the child/youth in your care.

Here are some useful resources within Alberta:

Emergency 911 Addiction Helpline 1-866-332-2322

Health Link 811 Kids Help Phone 1-800-668-6868

211 Alberta 211 Distress Centre 1-403-266-4357

Access Mental Health 1-844-943-1500 Suicide Line 1-888-787-2880

Mental Health Helpline 1-877-303-2642 Togetherall https://togetherall.com/en-ca/

Community Education Service acknowledges that 

the land on which we virtually gather today is the 

traditional territories of the people of the Treaty 7 

region in Southern Alberta. The City of Calgary is 

also home to Métis Nation of Alberta, Region 3.
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Objectives

• Overview of the rationale & evidence for using genotype-

guided prescribing

• Explain who can benefit from it

• Highlight current research examining genotype-guided 

prescribing

No drug is good

No drug is bad

Every drug is both

-Thomas Hager, Ten Drugs, 2019

The Rational
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At the population level 
medications are efficacious and tolerable

The Rational
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At the individual level 
efficacy and tolerability can vary

The Rational

Clinical Guidelines

Therapeutic Drug 
Monitoring (blood levels)

Symptoms, Severity & 
Demographics

Liver/Kidney 
Functioning

Genotype-guided 
Prescribing

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 genetic information to predict
a person’s ability to process & react to medications  

Genotype-guided prescribing
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Drug Metabolizing Enzymes

CYP2C19

CYP2D6

CYP2C9

CYP1A2

CYP3A5
CYP3A4

CYP2B6

Cytochrome P450 family of enzymes are responsible for the 

metabolism of the majority of drugs

1

1

Drug Metabolizing Enzymes

CYP2C19

CYP2D6

CYP2C9

CYP1A2

CYP3A5
CYP3A4

CYP2B6

Cytochrome P450 system is responsible for the metabolism of 

the majority of drugs

antidepressants
anti-anxiety

antidepressants
antipsychotics

analgesics/pain

Poor

Normal

Metabolism Groups

Intermediate

Ultra-rapid

Rapid

Higher Risk of 
No Benefit

Higher Risk for 
Side Effects

Enzyme 
Activity

How much drug is in the blood

Therapeutic
Window
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How many children are at risk?
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Actionable
76%

Poor
5%

Ultra-rapid
1%

Intermediate 
49%

Normal
45%

CYP2D6

55% Actionable

CYP2C19
Ultra-rapid

5%

Normal
39%

Intermediate 
18%

Poor
2%

Rapid
35%

43% Actionable

Preliminary Data from 127 Albertan Children, 2021

Who Can Benefit?

The Evidence
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Evidence
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Gene-Drug Pairs 
Curated and Scored

High

Moderate

Low

Unsupported

St
re

n
gt

h
 o

f 
Ev

id
e

n
ce

Evidence does not support association

Multiple replications, large effect

Multiple replications, small effect

Single positive study or conflicting findings

The Evidence
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U
SA

/I
n

te
rn

at
io

n
al

D
u

tc
h

C
an

ad
ia

n

Dutch Pharmacogenetic 
Working Group

Fr
e

n
ch

The Evidence

Evidence

108 gene-drug pairs

23 genes 82 drugs

Adapted from: Bousman, Zierhut, Müller, Clin. Pharmacol. Ther., 2019

The Evidence
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44 gene-drug pairs

7 genes 34 drugs

Bousman et al, Pharmacopsychiatry., 2020

The Evidence

Bousman et al, Pharmacopsychiatry (2021) 

The current evidence supports genotype-guided prescribing 
for specific:
• Antidepressants (CYP2C19 & CYP2D6)
• Antipsychotics (CYP2D6)
• Mood stabilizers (CYP2C9, HLA-A, HLA-B)
• ADHD medication (CYP2D6)

Consensus Recommendations

Age: 23
Sex: Male

Clinical Presentation: Patient presented with repetitive and obsessive 
behaviors, anxiety related to visual and auditory stimuli, and difficulties with 
transitions.  He was prescribed quetiapine and fluvoxamine. On these 
therapies he began to exhibit regressive behaviors (e.g., severe apathy, 
catatonia, lack of focus on tasks, aggression). His part-time employment was 
terminated and he was required to return to his family home. A full clinical 
work-up (e.g., brain scan, CSF analysis, muscle biopsies, full blood panels) 
found nothing outside the normal range. At this stage, the patient’s 
psychiatrist recommended PGx testing.

Gene Genotype Predicted Phenotype

CYP2B6 *1/*6 Intermediate Metabolizer

CYP2D6 *4/*4 Poor Metabolizer

CYP2C19 *1/*17 Rapid Metabolizer

CYP2C9 *1/*3 Intermediate Metabolizer

*Based on a case published by: Mitra et al., Mol Genetics & Genomics Medicine, 2017 5(2)

Clinical Example
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Evidence & Guidelines

Dosing Guidelines

(fluvoxamine)

“Consider 25-50% dose reduction or 
an alternative drug not predominantly 
metabolized by CYP2D6.”

Drug Labels mention CYP2D6

(fluvoxamine)

CYP2D6 Substrates 
(examples) 

atomoxetine

aripiprazole

paroxetine

fluoxetine

fluvoxamine

quetiapine (norquetiapine)

venlafaxine

High

Moderate

Low

UnsupportedS
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fluvoxamine

quetiapine

Clinical Example

Case Conclusion:

• Quetiapine and fluvoxamine were discontinued

• Olanzapine and desvenlafaxine were commenced (neither is 

primarily metabolized by CYP2D6)

• Progressive improvements in all behaviors and sleep; 

returned to supported living home and commenced 

working again

Take Home Message:

• PGx testing could significantly reduce these types of 

experiences & avoid unnecessary medical procedures

Clinical Example

Non-genetic factors can impact interpretation of PGx test results

Phenoconversion: A phenomenon that converts:
- Normal/intermediate metabolizers  poor or rapid metabolizers
- Rapid/ultrarapid metabolizers  normal, intermediate, or poor

Ultrarapid

Rapid

Normal

Intermediate

Poor

inhibitor

inducer

4%

27%

0%

5%

10%

15%

20%

25%

30%

Genotype Phenotype

CYP2D6 Poor Metabolizers

Genotype-predicted
Poor Metabolizer

Poor Metabolizer
phenocopy

900 patients treated for depression

Preskorn et al, J Clin Psychiatry 2013

fluoxetine

Things to Consider
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CYP2C19

CYP2D6

Ramsey et al, JAACAP, 2020

CYP2D6: Reaches adult 
levels soon after birth

CYP2C19: Returns to adult 
levels in adolescence

Developmental factors can affect how children process and react to medications

Things to Consider

Take Home Points

Genotype-guided prescribing is a companion tool that can 
enhance not replace other prescribing strategies. 

1

Genotype-guided prescribing should adhere to available guidelines 
and consider non-genetic factors  

2

3

Genotype-guided prescribing is an evidence-based strategy for 
several commonly used psychotropics

2

7

Development of Genotype-Guided 
Prescribing in Alberta 
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Core Components

Partnerships 

2
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Core Components

CYP2B6

CYP2D6

CYP2C9

CYP2C19

CYP3A5Genetic Test
NUDT15

SLCO1B1

TPMT

VKORC1

VeriDose Custom Array

Agena MassARRAY

3

0

Core Components

Decision-support tool

www.sequence2script.com

Bousman et al, 2021 Front Pharmacology

http://www.sequence2script.com/
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Note absence of 
psychostimulants 
for ADHD

Pharmacogenetics Report

Jun 1, 2021 3:31:55 PMRepor t  Generat ed:

Last database update: May 28, 2021

Pharmacogenetics Report
Precise, Jane

Gender :

DOB:

PHN:

Repor t

2000-12-31

FEMALE

Sam ple Type:

SALIVA

Collect ed: 2021-05-07

Received: 2021-05-11

Patient Genetic Results

Gene Genotype Phenotype
Phenotype adjusted for

concomitant medications*
Additional Comments

CYP2B6 * 1/* 6 intermediate intermediate

CYP2C19 * 17/* 17 ultrarapid ultrarapid

CYP2C9 * 1/* 1 normal normal

CYP2D6 * 1/* 5 intermediate intermediate

CYP3A5 * 3/* 3 poor poor

NUDT15 * 1/* 1 normal normal

SLCO1B1 * 1A/* 1A normal normal

TPMT * 1/* 1 normal normal

VKORC1 * 1/* 1 normal normal

* Phenotype adjusted based on the concomitant use of inhibitors or inducers. See the Regarding Phenotype

Adjustment section at the end of the report for full details.

Patient Wallet Card
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Genotype-Guided Prescribing 
Research in Alberta 

Primary Objective
Implement Canada’s first PGx testing service to improve drug treatment 

outcomes in children receiving mental health care

PGx-SParK: Pharmacogenetic-Supported Prescribing for 
Kids

6-months Prospective6-months Retrospective

Health care utilization

Medication information

Health care utilization

Medication information

Side-effects

Role functioning

Resources use

Quality of Life

Symptom Severity

Demographics

Medical history

Medication information

Health care utilization 

Side-effects

Role functioning

Resource use

Quality of life

Symptom severity

Baseline (PGx Testing  Performed)

Process Measures and Outcomes

3
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PGx-SParK: Pharmacogenetic-Supported Prescribing for 
Kids
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• Age 6 – 17

• Start, switch, dose change, or augmentation of 
psychiatric medication is indicated 

• Treating doctor requests pharmacogenetic 
testing
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PGx-SParK: Pharmacogenetic-Supported Prescribing for 
Kids

• Unable or unwilling to provide a saliva sample

• History of liver or bone marrow transplant

3
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Perform PGx
assay & generate 

genotype data 
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Eligible 
patient 

identified

S

Prepare report 
using  

Sequence2Script

Notified of test 
results & clinical 

recommendations
no

yes

Consult provided by 
Clinical Pharmacology 
Consultation Service

Consult 
needed? Medication 

selection and 
dosing

Wallet card with 
test results

no

yes

Consent to 
test?
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Genotype-Guided Prescribing Workflow
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Pharmacogenetics of Antidepressant-Induced Disinhibition

• 10% – 20% of children experience behavioural disinhibition 

or activation after taking an selective-serotonin reuptake 

inhibitor (SSRI)

• aggression, agitation, impulsivity, hyperactivity. 

• No clinical markers/tools to identify those at risk. 

Bridge et al., JAMA, 2007.
Elbe et al., Clinical Handbook of Psychotropic Drugs for Children and Adolescents, 2015. 

Luft et al., Curr Probl Pediatr Adolesc Health Care, 2019.
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PGx-AID: Study Design

To identify and validate a panel of genetic variants that could 
be used to pre-emptively detect children at-risk for developing 

SSRI-induced behavioural disinhibition.  

Child 
Diagnosed with 
MDD/Anxiety/

OCD 

History of 
SSRI Therapy

No

Experienced 
Behavioural 
Disinhibition

Yes

No

Yes

Controls

Cases

Saliva Collection

DNA Extraction

Pharmacoscan 
Array

Comparison of 
PGx Profiles

M
at

ch
ed

Exclude 
From Study

P
G
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A

ID

4

0
Philanthropic Donation: 90,000$

Pharmacogenetics of Antidepressant-Induced Disinhibition
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Inclusion:
• Aged 6 – 17 years
• Diagnosis of MDD, anxiety disorder, or OCD 
• Current or past history of SSRI therapy 

Exclusion:
• Unable or unwilling to provide a saliva sample
• History of liver or bone marrow transplant
• Attention deficit hyperactivity disorder
• Oppositional defiant disorder
• Conduct disorder
• Bipolar disorder
• Psychotic disorder
• Pervasive developmental disorder 

Two Easy Ways to Refer

Patient/family gives consent to 
email their information (name, 

email, phone) to us

psychpgxlab@ucalgary.ca

You give our contact information 
to the patient/family. 

psychpgxlab@ucalgary.ca

Referring physicians receive a 
brief 2-minute online survey 

mailto:psychpgxlab@ucalgary.ca
mailto:psychpgxlab@ucalgary.ca


6/9/2021

15

Contact
chad.bousman@ucalgary.ca

Website: 
https://www.psychpgxlab.com/projects/pgx-spark

THANK YOU
PROJECT TEAM

Principal Investigator

Dr. Chad Bousman, MPH, PhD, Associate Professor, Medical 
Genetics, University of Calgary
c

Co-Investigators

Dr. Paul Arnold, MD, PhD, FRCPC, Director, Mathison Centre for 
Mental Health Research & Education

Dr. Abdullah Al Maruf, MPharm, PhD, Research Associate, 
Department of Psychiatry, University of Calgary. 

Dr. Adrian Box, MD, PhD, Alberta Precision Laboratories

Dr. Mark Yarema, MD, FRCPC, Lead, Calgary Clinical 
Pharmacology Consultation Service and Section Chief, Alberta 
Health Services

Collaborator

Dr. Katherine Aitchison, PhD FRCPsych, Professor, Department of 
Psychiatry, University of Alberta   

Study Coordinators

Laina McAusland, BN, MSc
Anita Oomen, BS

mailto:chad.bousman@ucalgary.ca
https://www.psychpgxlab.com/projects/pgx-spark

