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Goals and Objectives

• Discuss background, pros, and cons of 
testing

• Review pharmacodynamic versus 
pharmacokinetic principles

• Practice applying sample test results to 
hypothetical patient cases
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Part I : Background

• What is pharmacogenomic testing?

• Pros

• ConsStephen Warnick Jr., MD



The 40th Forum for Behavioral Science in Family Medicine  

Sponsored by The Medical College of Wisconsin

What is pharmacogenetic testing?
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Reason to test #1:

• Genetic variants are extremely common

– If you look…. You will find….

• Well over 100 distinct CYP2D6 variants discovered

• In one study, about 70% had at least one actionable 
variant with respect to psychiatric medication

Mrazek, DA; Psychiatric pharmacogenomic testing in clinical practice, Dialogues in Clinical Neuroscience; 12;69-76 (2010)
Gross T & Daniel J, Overview of pharmacogenomic testing in clinical practice, Mental Health Clinician; 2018;8:235-241.
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Reason to test #2:

• FDA includes some genetic testing in package 
inserts

– More than 200 medicines have pharmacogenomic
information in FDA label

• 40 of these are neuropsychiatric medications
– Ex: HLA for Carbamazapine

– Ex: HLA-B*5701 for abacavir

Gross T & Daniel J, Overview of pharmacogenomic testing in clinical practice, Mental Health Clinician; 2018;8:235-241.
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Reason to test #3:

• Potential cost savings

– RCT showed with $1,036 savings per 
patient/year for meds 1

– Retrospective study showing more visits to 
doctor, increase in work absence, and higher 
healthcare costs for patients not genetically 
matched to their meds.2

Winner JG, Carhart JM, Altar CA, Goldfarb S, Allen JD, Lavezzari G, Parsons KK, Marshak AG, Garavaglia S, Dechairo BM. Combinatorial pharmacogenomic guidance for 
psychiatric medications reduces overall pharmacy costs in a 1 year prospective evaluation. Curr Med Res Opin. 2015;31(9):1633-43.

Winner JG, Allen JD, Anthony Altar C, Spahic-Mihajlovic A. Psychiatric pharmacogenomics predicts health resource utilization of outpatients with anxiety and depression. 
Transl Psychiatry. 2013 Mar; (3(3):e242. 
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Reason to test #4:

• Patient safety

Madadi P, Ross CJD, Hayden MR et al, Pharmacogenetics of neonatal opioid toxicity following maternal use of codeine during breast feeding: a case control study, Clinical 
Pharmacology & Therapeutics (2008); 85, 1, 31–3
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Reason not to test #1:

• Added cost to treatment

– Insurance coverage varies (sliding scale for 
some – but is best use of resources)?

– Overall cost effectiveness data is conflicting

• Need more INDEPENDENT data (positive data from 
testing companies)

Rosenblat J, Lee Y, McIntyre R. Does pharmacogenomic testing improve clinical outcomes for major depressive disorder? A systemic review of clinical trials and cost-
effectiveness studies. J Clin Psych.  2017: 78 (6);720-729.

Groessel E, Tally S, Hillary N, Mariel A, Graces J. Cost-effectiveness of a pharmacogenetic test to guide treatment for major depressive disorder. J Managed Care Spec Pharm. 
2018: 24(8); 726-734. 
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Reason not to test #2:

• Less about ‘perfect’ drug and more about which 
medicines to avoid

– So is this useful to treatment naïve patients?
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Reason not to test #3:

• Lack of comfort in interpreting results

– Studies have found less than 15% of pharmacists and 
primary care clinicians are comfortable in 
interpreting testing results and counseling patients

Frigon MP, Blackburn ME, Dubois-Bouchard C et al, Pharmcogenetic testing in primary care practice: opinions of physicians, pharmacists, and patients, 2019; 
20:589-598 
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Reason not to test #4:

• High degree of variability between testing 
company panels
– Need to know what you are interpreting

• One comparison using 20 test panels found no two 
panels included all of the same 2D6 or 2C19 alleles

• When 4 test panels were compared for the same 14 
genes the agreement on antidepressant 
recommendations was only 56%

Bousman CA, et al. BMC Psychiatry. 2017;17:60.
Bousman CA, et al. Pharmacogenomics J. 2018;18:613-622. 

Bousman CA, et al. Pharmacogenet Genomics. 2017;27:387-393.
Rosenblat JD, et al. J Affect Disord. 2018;241:484-491.
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Reason not to test #5

• Do not improve clinical outcomes for all 
patients
– Studies done by gene testing show 

improvements

– Others show less robust or no improvement

– Maybe concordance in using for moderate-to-
severe patients with depression

Drozda K, Muller DJ, Bishop JR. Pharmacogenomic testing for neuropsychiatric drugs: current status of drug labeling, guidelines for using genetic information, 
and test options. Pharmacotherapy. 2014;34:166-184.

Rosenblat J, Lee Y, McIntyre R. Does pharmacogenomic testing improve clinical outcomes for major depressive disorder? A systemic review of clinical trials and 
cost-effectiveness studies. J Clin Psych.  2017: 78 (6);720-729.
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Part II : Let’s get Basic.…

• Pharmacokinetic overview

• Pharmacodynamic overviewChris White, MD, JD, MHA
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Pharmacodynamics
“What a Drug Does to the Body”

TARGET ORGAN
RECEPTOR
PROTEIN

SIGNALING PATHWAY
MECHANISM OF ACTION

PHYSIOLOGIC EFFECT
DOSE-RESPONSE

ADMINISTRATION
ABSORPTION

DISTRIBUTION
METABOLITE
EXCRETION

URINE
PLASMA DRUG CONCENTRATION Pharmacokinetics

“What the Body Does to a Drug”

ACTIVITY

ADME
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Pharmacokinetic A

Excretion

Absorption

ADME

Metabolism
(Cytochrome P450)

Distribution
(Plasma Protein)
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Pharmacokinetic B
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Pharmcokinetic C

CYP 3A4

GENE for 
mammalian 
cytochrome

Family
Subfamily

Specific enzyme

Cytochrome P450 Nomenclature
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Pharmacokinetic D
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B
B

B B
B
B

Pharmacokinetic E:
Induction vs Inhibition

A P450

Inducer

Inhibitor
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Pharmacokinetic F:
P450 Metabolizing Spectrum Names

Poor 
Metabolizer

Intermediate
Metabolizer

Extensive 
Metabolizer

Ultra-rapid 
Metabolizer



The 40th Forum for Behavioral Science in Family Medicine  

Sponsored by The Medical College of Wisconsin

Genesight Report Example
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Genomind Report Example
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Pharmacodynamics Gene #1:
Serotonin Transporter SLC6A4

ShortLong

Serotonin 
Transporter

SSRI

Serotonin 
Receptor

Serotonin
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Pharmacodynamics Gene #2:
Folic Acid MTHFR
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Pharmacodynamics Gene #3:
HLA

HLA-B*1502
Common 

Allele Strong 
Association

HLA-B*1502
Rare Allele 

No 
Association

HLA-B*3101
Uncommon 
Allele Strong 
Association

HLA-B*3101
Uncommon 
Allele Strong 
Association

Asian European

DRESSSJS/TEN

Asian European

Carbamazepine-Induced Severe 
Cutaneous Adverse Reactions
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Genesight Report Example
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Genomind Report Example
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Part III : Let’s apply it to 
some patients…

• Patient Case #1 : Gordon

• Patient Case #2 : Hannah
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Gordon

• 58 yr old Asian male diagnosed w/ 
schizoaffective disorder. 

• Hx of 7 inpatient hospitalizations, multiple 
1st and 2nd gen antipsychotic medications, 
mood stabilizers, and SSRIs, SNRIs, and 
TCAs over 30 year life course of illness. 
Involved in day programming, case 
management and therapy.

• Social: lives in group home, CM and pt
interested in completing work training with 
eventual semi-independent living. 
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Gordon

• Current medication regimen from psych hospital:
– Carbamazapine 400 mg BID

– Risperidone 2 mg BID

– Citalopram 40 mg QD

– Benztropine 0.5 mg  BID

– Propranolol 20 mg TID

– Insulin (Lantus) 20 units SQ HS

– Metformin 1000 mg BID

– Losartan 100 mg QD
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Gordon

Gordon reports that he “just doesn’t feel right”. He says:

- “I’m always tired, even when I wake up after sleeping 
all night, I want to go right back to bed.”

- “My mouth is so dry it feels like my teeth are stuck to 
my tongue.”

- ”I keep hearing my dad say: ’Gordo! You’re a stupid 
idiot!’”

- “I’m either hungry or nauseous all the time and I’m 
fatter than ever.”
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Gordon

• Insurance: Medicare. Cost: $0

• Genetic test: Genesight

• Results
- SLC6A4 => S/S => ‘small vacuum cleaners’ => Poor SSRI response

- MTHFR => T677T => likely high homocysteine => Supplement with 
L-methylfolate

- HLA-B 1502 => increased risk of SJS with carbamazapine

- CYP2C19 => Ultra rapid metabolizer

- CYP2D6 => Poor Metabolizer

• Knowing these things, what can we do to help Gordon?
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Gordon

• Selected psychiatric medications from psych 
hospital:

– Carbamazapine 400 mg BID -- ## HLA Issue, 
further depletes folate raising cardiac risk ##

– Risperidone 2 mg BID -- ## poor 2D6, pro-drug ##

– Citalopram 40 mg QD -- ## 2C19 lowers & 2D6 
raises, SLC6A4 suggests poor SSRI response, 
MTHFR suggests need for L-methylfolate
supplementation ##
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Hannah

• 22 year old caucasian woman 
diagnosed with MDD, recurrent, 
severe w/o psychosis and GAD. 

• Hx of one inpatient hospitalization for 
SA at age 20, ongoing outpatient 
therapy (IOP and weekly 
psychotherapy) and multiple trials of 
SSRIs and benzodiazepines. 

• Social: part-time college student, 
lives with parents, unable to work 
due to mental illness, smokes 2ppd 
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Hannah

• Current medication regimen:

– Duloxetine 60mg daily

– Buspirone 10 mg TID

– Lorazepam 0.5 mg BID PRN severe anxiety

– Aripiprazole 2 mg daily
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Hannah

Hannah reports, “Nobody I know is this anxious and I 
don’t feel like it’s ever going to get better. She says:

- “I had to drop two classes and now I’m only taking 6 
credits and I can barely make myself go to school.”

- “I had to quit my job because my boss told me I 
wasn’t doing a good job.”

- ”My libido is like… zilch. I have zero interest in sex.”

- “Besides feeling anxious all the time, I don’t have any 
other emotions. I’m like a zombie.”
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Hannah

• Insurance: Health Alliance (private). Cost: $150

• Genetic test: Genecept (Genomind)

• Results

- SLC6A4 S/S => SSRIs less effective

- MTHFR => Intermediate enzyme activity

- CYP1A2 => Ultrarapid metabolizer plus smoker

• Knowing these things, what can we do to help 
Hannah?
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Hannah

• Current medication regimen:

– Duloxetine 60mg daily => ## 1A2 ultrarapid
metabolizer so may need higher dose, watch if 
quits smoking ##

– Buspirone 10 mg TID ## no change ##

– Lorazepam 0.5 mg BID PRN severe anxiety ## no 
change ##

– Aripiprazole 2 mg daily ## no change ##
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Conclusion

• Point #1 : What is the standard of care for PCPs?

• Point #2 : Tons of information on each report, but 
not all of it is actionable.  Only use what you can 
interpret.

• Point #3 : This is coming so makes sense to have 
at least some in clinic trained up…. Direct to 
consumer marketing.



The 40th Forum for Behavioral Science in Family Medicine  

Sponsored by The Medical College of Wisconsin

Selected References
• Bousman CA, et al. BMC Psychiatry. 2017;17:60.
• Bousman CA, et al. Pharmacogenomics J. 2018;18:613-622. 
• Bousman CA, et al. Pharmacogenet Genomics. 2017;27:387-393.
• Drozda K, Muller DJ, Bishop JR. Pharmacogenomic testing for neuropsychiatric drugs: current status of drug 

labeling, guidelines for using genetic information, and test options. Pharmacotherapy. 2014;34:166-184.
• Frigon MP, Blackburn ME, Dubois-Bouchard C et al, Pharmcogenetic testing in primary care practice: opinions of 

physicians, pharmacists, and patients, 2019; 20:589-598 
• Groessel E, Tally S, Hillary N, Mariel A, Graces J. Cost-effectiveness of a pharmacogenetic test to guide treatment 

for major depressive disorder. J Managed Care Spec Pharm. 2018: 24(8); 726-734. 
• Gross T & Daniel J, Overview of pharmacogenomic testing in clinical practice, Mental Health Clinician; 2018;8:235-

241.
• Madadi P, Ross CJD, Hayden MR et al, Pharmacogenetics of neonatal opioid toxicity following maternal use of 

codeine during breast feeding: a case control study, Clinical Pharmacology & Therapeutics (2008); 85, 1, 31–3
• Mrazek, DA; Psychiatric pharmacogenomic testing in clinical practice, Dialogues in Clinical Neuroscience; 12;69-76 

(2010)
• Rosenblat J, Lee Y, McIntyre R. Does pharmacogenomic testing improve clinical outcomes for major depressive 

disorder? A systemic review of clinical trials and cost-effectiveness studies. J Clin Psych.  2017: 78 (6);720-729.
• Rosenblat JD, et al. J Affect Disord. 2018;241:484-491.
• Winner JG, Allen JD, Anthony Altar C, Spahic-Mihajlovic A. Psychiatric pharmacogenomics predicts health resource 

utilization of outpatients with anxiety and depression. Transl Psychiatry. 2013 Mar; (3(3):e242. 
• Winner JG, Carhart JM, Altar CA, Goldfarb S, Allen JD, Lavezzari G, Parsons KK, Marshak AG, Garavaglia S, Dechairo

BM. Combinatorial pharmacogenomic guidance for psychiatric medications reduces overall pharmacy costs in a 1 
year prospective evaluation. Curr Med Res Opin. 2015;31(9):1633-43.



The 40th Forum for Behavioral Science in Family Medicine  

Sponsored by The Medical College of Wisconsin


