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Learning Objectives

By the end of this presentation, you will be able to:

• Define clinically meaningful pharmacogenetic tests of relevance to 
commonly prescribed medications.

• Describe recent advances in pharmacogenetic testing including those that 
are likely to become a standard of care prior to start of drug therapy.
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Personalized Medicine: Prescribing the right drug at the right time, 
may save many lives
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Our Focus: Figuring out
“Determinants of intersubject variation in drug 

responsiveness”
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Our Approach

Determine
Drug level

Determine
Genotype

Blood sample

New insights

Personalized 
Medicine at LHSC
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Sign of the times: At our Medical
Centre, we have been embraced 
as a part of innovative patient-

centred model of care
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Clinical Consultation Process

Referral

• Initiating a new drug or experienced an ADR

• Fax referral to PM (now automated in chemo orders)

PM 

Consult

• Patient is seen in our Personalized Medicine Clinic

• Consultation, patient education

• Physicians, Residents and Pharmacists 

Research 
Consent

• Consent is obtained by research coordinator

• Obtain blood sample for genotyping, store DNA for future research

• Research consent obtained

• Patient surveys completed
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We have Created Innovative Technologies

Secure Web application

• Behind the hospital 
firewall

• Features for clinical and 
laboratory staff

• Log and track samples
• Upload PGx data
• Generate custom reports
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Genotyping requests Genotyping1

Automated DNA extraction (8 samples in ~30 min) Real-Time PCR: TaqMan SNP Assays 

(~ 40 min)

Mr. M
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Over 300 drugs have FDA pharmacogenetic 
information, yet most clinicians don’t know 

when to request PGEN testing…

Lesson Learned: If you teach 
pharmacogenetics and are available 

to see patients, interesting cases 
often come along
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Case

• Inpatient Medicine services asks our team to 
carry out pharmacogenetic testing for a 
patient.

• Patient: 87 year old female, on 200 mg twice 
daily dose of metoprolol for heart rate control 
in the setting of atrial fibrillation.

• Patient had been admitted to orthopedics 
inpatient floor after a hip fracture.
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Quiz (pick one best answer)

• Which pharmacogenetic testing was 
requested?

1. CYP3A4 because it is involved in the metabolism 
of most medications

2. CYP2C19 because it affects metoprolol 
metabolism

3. CYP2D6 because it affects metoprolol 
metabolism

4. CYP2C19 and CYP2D6
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Quiz (Correct Answer)

• Which pharmacogenetic testing was 
requested?

1. CYP3A4 because it is involved in the metabolism 
of most medications

2. CYP2C19 because it affects metoprolol 
metabolism

3. CYP2D6 because it affects metoprolol 
metabolism

4. CYP2C19 and CYP2D6
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Case

• Typical dose of metoprolol is 25 to 50 mg twice daily.

• Medicine team tried to lower the dose of metoprolol 
to 100 mg twice daily.

• Patient experienced significant tachycardia that 
subsided when the dose of metoprolol was increased 
back to 200 mg twice daily.

• Medicine team asked us to carry out CYP2D6 
genotype testing.
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Quiz (pick one best answer)

• Which CYP2D6 genotype would you predict 
for the patient

1. Normal metabolizer because that is the most 
common

2. Poor metabolizer because those patients always 
have more problems with medications

3. This has to be a trick question because 
predicting the future is really hard

4. Ultrarapid metabolizer, even though this is rare
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Quiz (Answer)

• Which CYP2D6 genotype would you predict 
for the patient

1. Normal metabolizer because that is the most 
common

2. Poor metabolizer because those patients always 
have more problems with medications

3. This has to be a trick question because 
predicting the future is really hard

4. Ultrarapid metabolizer, even though this is rare
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Case
• Patient seen as a consultation and consent obtained 

to carry out CYP2D6 genotype testing through my 
research laboratory.

• There is no out-of-pocket cost to any of our patients 
for PGEN testing carried out through my research 
laboratory.

• Patient turned out to be a CYP2D6 ultrarapid
metabolizer, thus predicted to require very high 
doses of metoprolol.

• We recommended beta blocker change to bisoprolol 
(not a CYP2D6 substrate).
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CYP2D6 Activity
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Metoprolol and CYP2D6

• Mean Age: 62.5 +/- 13.3

• Median Dose: 47.5mg/day

• HTN: 84%

• CAD: 66%

• Past MI: 43%

• Other Drugs; ACE-I and/or 
diuretics: 86%

Rao et al Pharmacogenetics 12:465, 2002

PMs had 6-fold higher metoprolol level compared to EMs

IMs had 4-fold higher metoprolol level compared to EMs

©Richard B. Kim M.D.



Quiz (pick one best answer)
• She is in pain from her hip fracture. Your colleague 

suggests acetaminophen/caffeine/codeine. What will 
you do?
1. You will start her on higher than normal dose 

acetaminophen/caffeine/codeine because she is an ultrarapid
metabolizer for CYP2D6

2. You will start her on normal dose of 
acetaminophen/caffeine/codeine  because you want to be 
careful, even though she is an ultrarapid metabolizer

3. Don’t bother with acetaminophen/caffeine/codeine as it 
won’t work so use tramadol instead

4. Do not start her on acetaminophen/caffeine/codeine or 
tramadol
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Quiz (Answer)
• She is in pain from her hip fracture. Your colleague 

suggests acetaminophen/caffeine/codeine. What will 
you do?
1. You will start her on higher than normal dose 

acetaminophen/caffeine/codeine because she is an ultrarapid
metabolizer for CYP2D6

2. You will start her on normal dose of 
acetaminophen/caffeine/codeine because you want to be 
careful, even though she is an ultrarapid metabolizer

3. Don’t bother with acetaminophen/caffeine/codeine as it 
won’t work so use tramadol instead

4. Do not start her on acetaminophen/caffeine/codeine or 
tramadol
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Codeine is not an analgesic: Requires 
bioactivation by CYP2D6 to morphine

UMs
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Codeine and tramadol

• Analgesic effect due to conversion of codeine to 
morphine and tramadol to its active metabolite by 
CYP2D6

• There can be excessive opioid response among 
CYP2D6 ultrarapid metabolizers when prescribed 
codeine or tramadol containing analgesics.

©Richard B. Kim M.D.



Many SSRIs are inhibitors of 
CYP2D6

• Potent interacting antidepressants

– Paroxetine 

– Bupropion

– Fluoxetine

• Modest/minimally interacting

– Citalopram, escitalopram, venlafaxine, 
desvenlafaxine, vortioxetine
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Why understanding CYP2D6 is 
helpful

• Most of the tricyclic antidepressants are substrates of 
CYP2D6

• Many SSRI are substrates, and some are potent inhibitors 
of CYP2D6

• Some opioids are metabolized by CYP2D6

• Commonly prescribed beta blockers such as metoprolol 
are highly affected by CYP2D6 genotype.

• Antiemetic ondansetron is also affected by CYP2D6

• Breast cancer drug tamoxifen is affected by CYP2D6

©Richard B. Kim M.D.



New Oral Anticoagulants: Now 
we have much more to choose 

from, when warfarin is not 
optimal

DOACs: When to prescribe.... PK and 
DDI considerations
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This review covers the key issues in terms of 
metabolism and clearance of DOACs
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DOAC metabolism and clearance
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Do DOAC Patients Bleed more if 
DOAC Level is Elevated?

Yes
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High DOAC concentration increases bleeding risk 
with little additional benefit to stroke reduction: 

Edoxaban data from ENGAGE-TIMI
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We measure DOAC concentration using 
LC-MS/MS

©Richard B. Kim M.D.



©Richard B. Kim M.D.

La Presse Sept 8, 2015



La Presse Sept 8, 2015©Richard B. Kim M.D.



DPYD genotype testing: Why it is so important

• Approximately 1 in 15-30 individuals 
have mutations that result in 
significantly reduced DPD function

– leads to severe toxicity and usually 
leads to hospitalization

• Approximately 1 in 1000-2000 have 
mutations that result in no activity of 
DPD

– Usually fatal toxicity after a single 
dose

• Currently, we carry out DPYD testing 
for all colon cancer patients prior to  
capecitabine or 5-FU therapy at our 
medical centre (LHSC)
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When you see a lot of patients, eventually, 
you do find the 1 in 1000
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Case

• 87 year old male

• Presented with profound anemia (Hgb 40) 
that required transfusion Nov 2018

• May 2019 rectal cancer with liver mets
identified

• Seen in our PM clinic Aug 22, 2019

• Patient was being planned for 
chemoradiation, and for chemo, capecitabine.
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Case

• Aug 23, 2019:

• DPYD genotype: DPYD IVS14+1 G/A; DPYD 2846 A/A; DPYD 
1679 T/T; DPYD 1236 G/A

• Interpretation:
The genotype of this patient suggests deficient enzymatic 
activity

Recommended dosing of 5-FU/capecitabine by genotype:
Select an alternative drug. If alternative agents are not 
considered a suitable therapeutic option, 5-FU or capecitabine
should be administered at a strongly reduced dose.
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Case

• Referring oncologist notified

• Patient notified

• Preordered capecitabine in EMR removed.

• Oncologist proceeded with a second line 
agent: Raltitrexed.

• Patient would have had a lethal event had he 
received even a few doses of capecitabine.
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Translation to patient care: We had requested that 
DPYD testing become a standard of care in Ontario
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In August 2021, Ontario 

Health Technology 

Advisory Committee has 

recommended public 

funding for DPYD 

genotype testing



2006

Unpredictable
Response

Desired 
Outcome

Adverse 

Drug 

Reactions

Drug Drug

Interactions

Lack of 

Efficacy

Trial-and-Error

Dose Adjustment
Alternative Therapy

2021

Desired 
Outcome

Real-time

Genotyping

PM 

Patient Care 

Team

Integrate PM as a part of 
routine care

Patient 
Safety

Optimal 
Efficacy

Improved 
Health-care 
economics

PM-based

drug selection

& dosing

Personalized Medicine at London Health 
Sciences Centre (London ON)
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Our Personalized Medicine Program

2006 2011 2016 2021

Measure

of

Success

PM Team

Recruited 

from 

Vanderbilt

Canada’s 

First PM 

Clinic

2008

Create 

Innovative 

Technologi

es

Provincial 

Recognition 

2013

Implement 

PM hospital-

wide

Integration 

into EMR

Regional and 

Provincial 

Centre of 

Excellence for 

PM

Dedicated PM 

Research 

Laboratory

2014

PM Team 

2011
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Funding for our PM Program: Made feasible by 
donors and research grants

LHSC Auxiliary Donation

Wolfe Medical Research Chair in 

Pharmacogenomics

Canadian Institutes of Health 

Research (CIHR)
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