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Why had CYP testing not 

become common practice…?

• Limited data!

• Limited knowledge of physician and patients

• Reimbursement not solved

• “Outlier” effect

• Ethical challenges (Nine months of 

conversation prior to approval by local REB)



Start of the Pharmacogenetics 

Research Clinic at CAMH (2008)

• Concept: Investigate patients with poor response 

or high level of side effects at lower medication 

dose

• Physicians would refer patients

• Genotyping of CYP2D6 & CYP2C19 in-house

• Returning interpretation to physicians

• Sollicit feedback from physicians using a 

questionnaire (PIP-FQ)



Patient referral – Screening for inclusion/exclusion

(eg capacity, medical history, ethnicity)

RA contacts patient (for informed consent) and study entry:
SCID, PANSS, CGI, BAS, AIMS, UKU (modified), body weight and BMI

+ Blood draw for genotyping

Six weeks follow-up:
PANSS, CGI, BAS, AIMS, UKU (modified), body weight and BMI

+ Blood draw for plasma levels + PIP-FQ (Physicians)

Three month follow-up:
PANSS, CGI, BAS, AIMS, UKU (modified), body weight and BMI

Study exit

PGx Research Clinic: Flowchart





Phase I 2009:

Start of 

genotyping 

CYP2D6 & 

CYP2C19

Phase II 2012:

Start of the 

IMAPCT study

www.im-pact.ca

Adding:

CYP1A2

CYP3A4

CY2C9

http://www.im-pact.ca/


www.im-pact.ca



Instead of blood draw: Non-invasive Sample Collection

CAMH Recruiter explains test 
& answers questions:

• Patient signs consent form

• Ask patient to spit into the 
collection tube

• Ask patient to close the lid 
of the funnel and return 
tube to package.



Walden et al., 2015
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Results of multiple genes 

= new problems 

• More difficult to explain & understand

• Not user friendly

• How to best consider gene-gene interactions?

• Start of Phase III



Combinatorial Pharmacogenomic

Decision Support Model



AssureX 

GeneSight

Test (2015)
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Phase III



All nice and good,…

…but:

randomized controlled blinded studies are required 

to validate clinical utility and estimate economic 

benefits

= Applying for large funding source (start of phase 

IV) = ‘GAPP’ Study at CAMH



Phase IV: GAPP Clinical Trial Design 
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QIDS: Quick Inventory of Depressive 

Symptomatology

HAM-D17: Hamilton Depression rating scalle

UKU: Side Effects Rating Scale

PANSS: Positive and Negative Syndrome Scale 

Depression 

200/group
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Schizophrenia Clinical Trial

Baseline

Assessment

(visit 2)

Screening

& Consent

(visit 1)

Guidance with 

CAMH-Enhanced

GeneSight1

Randomization

Guidance with 

Original

GeneSight2

Treatment

As Usual 

(Unguided)3

N = 531

1 Guidance with CAMH-Enhanced GeneSight: improved GeneSight test by incorporation of new markers developed at CAMH.

2 Guidance with Original GeneSight: current test with six genes (CYP2D6, CYP2C19, CYP1A2, CYP2C9, CYP3A4, CYP2B6; SLC6A4, and HTR2A) and 

information to guide the physician for selection and dosing of the 33 most commonly prescribed Health Canada approved antidepressant and antipsychotic 

medications. 

3 Treatment As Usual (Unguided): standard medication treatment provided by the physician without guidance from GeneSight or CAMH-Enhanced GeneSight.

Only prescriber is unblinded

Blinded to prescribing guidance assignment – PANSS Assessment at each site Visit
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So much left undone!

Next steps:
• Continue recruiting patients for IMPACT and 

GAPP studies

• Conduct further research to enhance exiting 

algorithms

• Incorporate genetic results in EMR (currently 

already part of medical records) 

• Negotiate reimbursment with provincial/national 

ministry of health



PGx Team Toronto

pharmacogenetics.ca #PGxRC daniel.mueller@camh.ca



Thank you for your attention.


