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Mental Illness in Canada
• Mental Illness is one of Canada’s leading public health problems
• I in 5 Canadians will experience some form of mental illness in
their life time
• At any given time, 10.4% of Canadians will be living with a
mental illness.
• The economic burden of mental illness in Canada is estimated at
$70 billion per year.

1. Mental Health Commission 2. Globe and Mail and Morneau Shepell 3. Stats Canada

Challenge: Trial and Error Treatment for
Patients with Mental Illness

• 40% of psychiatric medications fail the first time
• Adverse reactions are common and can be severe
• It is hard to know if mental illness is under control

Adverse Drug Reactions
• FDA reports that young people (4 out of 100) using
antidepressants are more likely to report having suicidal
thoughts and behavior.
• 10-32% of people taking Effexor, Paxil and Zoloft
experienced nervousness, agitation, tremor, dizziness,
myoclonus, headaches or sleep problems.
• Sexual dysfunction is a common side effect of using SSRIs.

Differential Drug Response
Patient Group
Drug toxic and
NOT beneficial

Drug NOT toxic
but beneficial

Same diagnosis,
same prescription
Drug NOT toxic but
NOT beneficial

Drug toxic but
beneficial

www.personalizedprescribing.com

Pharmacogenomic Test
• Pharmacogenomics combine pharmacology (action of drugs) and
genetics to provide information on how our unique and individual
genetic make-up influences our responses to medications.
• It is a genetic test to identify individual’s response to medication
• Help to select the right drug an dose on the outset of condition and
minimizes trial and error
• This does not predict risks of developing diseases
• Simple saliva sample is used to conduct the analysis

Road-map to Determine RIGHT Drug Response
Genetic Factors
Drug breakdown
Drug response
•Clinical Factors
Age
Sex
Liver function
Renal function

•Environmental Factors
•Nutrition
•Smoking
•Alcohol
•Physical activity

Pharmacogenomics

Therapeutic effects

Adverse effects

How to Refer Patients

Patients call us or
Physicians refer patients
to Us:
1-844-943-0210

Our Pharmacists speak to
the patients, send consent
form and DNA Kits

Patients collect saliva
sample and send to
Laboratory

Laboratory conducts the
test

Pharmacist reviews the
results and prepares
Summary Report

Results are sent to
patients and their
physicians

Test results are available within 5-7 business days

Comprehensive Approach
• Most extensive test panel in Canada > 50 genes
 >150 drugs
 proprietary
• Comprehensive Summary
• Follow-up with patients
• Report by in-house Pharmacist
• Continuous support for patients and their physician/nurse practitioner

Use of Pharmacogenomic Test
• Individuals buy Online: www.rxreport.ca
• Employers adopt as employee health benefit
• Utilized by disability case managers

Genetic Mutation Scores & Morbidity of
Employees with Disability
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Genetic Mutation Score

Genetic mutation score: number of mutated genes
Baseline Morbidity score: side-effects and baseline function at home and at work
based on pre-test questionnaire
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Change in Morbidity of Employees
with Disability after P3 Test
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Pharmacogenetic Guidelines
•
•
•
•

Clinical Pharmacogenetics Implementation Consortium (CPIC)*
Dutch Pharmacogenetics Working Group (DPWG)
Canadian Pharmacogenomics Network for Drug Safety (CPNDS)
FDA Drug Labels

All these guidelines can be searched on: www.pharmGKB.org
*Considered gold-standard in North America.

Pharmacogenetics vs. Pharmacogenomics
• The study of inherited genetic differences which can affect response to
medications.
• Pharmacogenetics: the study of one gene at a time.
• Pharmacogenomics: the study of more than one gene at a time to look at the
totality of drug response.
• Genes can be:
• Pharmacokinetic (PK) i.e. Enzymes
• Pharmacodynamic (PD) i.e. Target Sites

Medical Terms in Pharmacogenetics
•
•
•
•

Gene: a portion of DNA that determines a specific trait
Allele: a specific form of a gene; alleles occur in pairs
Example: Gene is CYP2D6 and alleles are *1/*1
The activity level of the gene is determine by both alleles (one from the mom
and one from the dad).
• Normal metabolizer
• Poor Metabolizer
• Intermediate metabolizer
• Ultra-rapid metabolizer

• The two main genes involved in the metabolism of the majority of
antidepressants: CYP2D6 and CYP2C19

Which Drugs are Metabolized by CYP2D6?
• CYP2D6 is responsible for the metabolism of 25% of the most commonly
prescribed medications
Antipsychotics

Antidepressants

Haloperidol
Risperidone*

Duloxetine
Fluoxetine
Fluvoxamine
Mirtazapine
Paroxetine
Venlafaxine
Vortioxetine
Tricyclic
antidepressants

*Prodrugs

ADHD
Medications
Amphetamine
Methylphenidate
Atomoxetine

Cardiovascular
Medications
Metoprolol

Opioids

Codeine*
Hydrocodone*
Oxycodone*
Tramadol*

Oncology
Medications
Tamoxifen*

CYP2D6
• For intermediate or poor metabolizers, do not combine antidepressants
mentioned in the table with strong CYP2D6 inhibitors (i.e. Bupropion) as this is
likely to further reduce metabolism and increase risk of side-effects.
• Interestingly, Paroxetine, Fluoxetine, and Fluvoxamine are also strong CYP2D6
inhibitors. So overtime, they inhibit their own metabolism! That is why these
medications do not exhibit a linear dose response profile.
• Do not combine the medications mentioned in the table with CYP2D6 inducers
(i.e. Carbamazepine, Phenytoin, Rifampin, and Phenobarbital).

PharmGKB Pathway –Non-Linear Metabolism
According to PharmGKB:
• CYP2D6 is inhibited at prolonged
paroxetine exposure, especially at higher
doses, and this can change the metabolizer
phenotype of an individual who has been
defined by their genotype.
• A number of studies show that phenotypic
CYP2D6 normal metabolizers have a
decrease in CYP2D6 activity after
prolonged paroxetine treatment and some
may convert to "slow metabolizers" or
phenotypic PMs especially at higher
paroxetine doses.

CYP2D6 Case Study #1
• J.R has been responding well to Paroxetine for the treatment of his anxiety
with few side-effects. However, he is still experiencing some symptoms of
depression and lack of motivation.
• His physician decided to add Bupropion to his regimen to help with the
residual symptoms of depression. The addition of Bupropion to J.R.’s regimen
resulted in stomach upset, nausea and dizziness. These symptoms persisted
despite the fact that J.R. has been on this combination for about a month.
• In addition, the patient has indicated that he felt no added benefit from the
addition of Bupropion to his regimen; he actually felt more depressed. J.R.
was referred to Personalized Prescribing and the results indicated that he is a
CYP2D6 *2/*4 intermediate metabolizer.
What advice would you give to JR and his physician?

CYP2D6 Case Study #1 -Answer:
• J.R. is an intermediate metabolizer; this means he is more sensitive to the doserelated side-effects of Paroxetine. So, he may be more likely to respond to the
lower dose-range of the medication.
• The addition of Bupropion to J.R.’s regimen resulted in the inhibition of
metabolism of Paroxetine via CYP2D6. Bupropion is also worsening this patient’s
depression.
• We would thus, recommend the discontinuation of Bupropion and the
continuation of Paroxetine.

CYP2D6 Case Study #2

• M.R. is a CYP2D6 *1/*1 normal metabolizer, and she is currently on
Tamoxifen therapy and has been for the past 2 years. She was experiencing
a lot of side-effects (i.e. hot flashes and night sweats) on Tamoxifen.
Recently, she was feeling depressed, so her physician decided to add
Fluoxetine to her regimen. M.R. indicated that she was no longer
experiencing hot flashes and felt so much better.
What advice would you give M.R. and her physician?

CYP2D6 Case Study #2 -Answer:
• The fact that M.R. is not experiencing any hot flashes and night sweats is
actually a sign that her medication is not reaching the right concentration to
work as effectively as it was before!
• Fluoxetine is a CYP2D6 inhibitor, which can prevent the conversion of
Tamoxifen to its active metabolite (endoxifen). It would be best to
recommend an alternative antidepressant that does not inhibit CYP2D6.
Avoid Fluoxetine, Fluvoxamine, Paroxetine, and Bupropion as they are all
CYP2D6 inhibitors!
• For the treatment of depression, try a medication that is metabolized by
another enzyme CYP2C19 (i.e. Escitalopram, Citalopram, or Sertraline) OR a
medication that does not require metabolism via the CYP enzymes (i.e.
Desvenlafaxine).

Which Drugs are Metabolized by CYP2C19?
Antidepressants
Citalopram
Escitalopram
Sertraline
Majority of TCA
(exc. Desipramine)

All Proton Pump
Inhibitors
Esomeprazole
Lansoprazole
Omeprazole
Pantoprazole
Rabeprazole

Cardiovascular
Medications
Clopidogrel (pro-drug)

- CYP2C19 inhibitors: Omeprazole, Lansoprazole, Pantoprazole
- CYP2C19 inducers: Rifampin

CYP2C19 Case Study #1
• L.K. is a 70-year old female who has severe GERD which is not relieved by
Pantoprazole therapy. Her doctor also suspects that the patient’s GERD is
triggered by her anxiety. The doctor thus prescribes Escitalopram, a
medication which geriatric guidelines indicate is one of the safest
medications for use in the elderly. Your order a pharmacogenetic test for
L.K. and discover that she is a CYP2C19 *1/*17 ultra-rapid metabolizer.
Would you recommend any medication changes for L.K.?

CYP2C19 Case Study #1- Answer:
• L.K. is unlikely to respond to Escitalopram or Pantoprazole due to her
CYP2C19 ultra-rapid metabolism status. CPIC guidelines recommend using
an alternative antidepressant that is not metabolized by CYP2C19 (i.e.
Fluoxetine, Fluvoxamine, Paroxetine, etc).
• Sertraline is also a safe medication to use in the elderly, as per geriatric
guidelines. This medication can be used, though an alternative is
recommended if there is no response at maximum dose; this is mainly
because though CYP2C19 is only one of the many main enzymes involved in
Sertraline metabolism. No individual CYP enzyme is thought to mediate
more than 25-35% of Sertraline’s metabolism.

Summary for Antidepressants
CYP2D6

CYP2C19

Both CYP2D6 & CYP2C19

Neither Enzyme

Duloxetine
Fluoxetine
Fluvoxamine
Mirtazapine
Paroxetine
Venlafaxine
Vortioxetine

Citalopram
Escitalopram
Sertraline

All TCAs (exc. Desipramine
& Nortriptyline)*

Desvenlafaxine
Levomilnacipran

*Desipramine and Nortriptyline are only metabolized by CYP2D6

Pharmacodynamics and Standard of Practice
• In our standard of practice at Personalized Prescribing Inc., we always
qualify the level of evidence used in the making of a recommendation that
is provided in the Summary Report.

• Recommendations based on metabolism genes (i.e. CYP2D6 and CYP2C19)
are usually based on a high level of evidence. With a few exceptions (i.e.
DRD2 and Bupropion), recommendations based on pharmacodynamics are
usually based on moderate or low level evidence.

Pharmacodynamics and Standard of Practice
• For antidepressants, metabolism is only one of the many factors that can
affect response. When it is determined that a patient can clear a medication
normally, there are other genetic receptors/transporters that can affect
response at the level of the target sites in the brain. This is why we believe it
is very important to also test the pharmacodynamic genes.
• The evidence linked one brain receptor/transporter to response is generally
weak (with a few exceptions: i.e. DRD2 receptor and Bupropion). That is why
we test multiple receptors to identify % likelihood of response.
• There are also certain serotonin receptors linked to side-effects (i.e.
stomach upset/nausea and heart palpitations), we test those receptors as
well.

Case Study: Anxiety
• Patient: 30 yr., Female
• Conditions: Anxiety, Heart condition (enlarged
ventricles), Asthma, Tobacco Use Disorder
• Job function: Administrative Assistant
• History: As soon as she started a medication
(Cipralex), she felt even more anxious and her
heart condition worsened (i.e. dizziness and
fainting spells that resulted in hospitalizations
and days lost from work). Patient’s also uses her
asthma rescue inhaler >3 time/week due to
shortness of breath.
• Test Process: Employee called PPI, pharmacist
gathered comprehensive history and ordered
pharmacogenetic test.

Case Study:
Anxiety

Pharmacist Interpretation:
- Certain antidepressants (i.e. Citalopram) can
cause changes in electrical activity in the heart,
which can increase risk of heart palpitations and
heart malfunction
- Patient had genetic risk factors (HTR2A and
CYP2C19 IM) and clinical risk factors (structural
heart abnormality) for this side-effect as well
- The patients chronic use of Ventolin can further
increase adrenaline, heart palpitations and
anxiety.

Case Study:
Anxiety

Result:
• When the pharmacist called Jane for a followup discussion (a month later), Jane informed
the pharmacist that the physician has
discontinued the Citalopram and has started her
on the Bupropion and Flovent inhaler.
• Jane experienced decreased anxiety and
increased motivation and she was able to
reduce the number of cigarettes that she
smoked/day.
• Though Jane still experienced bouts of
dizziness, she no longer had any fainting spells,
and could function well at work.
• Jane was informed that the pharmacist is
available at any time, if she needed more help
with smoking cessation.

A Real- Life Testimonial

"I cannot say enough, it changed my life. I am so thankful for the opportunity and for what it has done for
my life in a short period."- Brian Berry
Brian Berry was experiencing persistent daytime sleepiness, muscle aches and pains, anxiety, and depression.
His inability to function at home had cost him his marriage. His business was also affected as he was not able to

keep up with his workload. He was taking multiple medications, and nothing seemed to work. At one point, he
thought something more serious was going on with his health and he needed to do something about it. He
spoke to Personalized Prescribing Inc. on how his life changed after the P3- Pharmacogenomic Test.
Full Video

Thank You!
Feel free to contact us at info@personalizedprescribing.com,
if you have any questions regarding the content of this module.

