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Learning Objectives
• Determine the impact of genetic variation on drug pharmacokinetics, 

pharmacodynamics, and drug response

• Interpret pharmacogenomic test results by identifying clinically actionable 
drug-gene pairs using high-quality, evidence-based pharmacogenomic 
databases and guidelines to formulate therapeutic recommendations

• Summarize main findings from the literature supporting the use of 
pharmacogenomics-guided treatment for depression

• Recommend pharmacogenomic testing when appropriate and integrate 
test results with other clinical variables to optimize medication therapy

• Discuss case examples utilizing various pharmacogenomic testing results 
to inform appropriate selection of antidepressants for treatment of 
depression



Status of Mental Health in the United States

• As of 2018, 16 million Americans suffer from moderate or severe 
depression
• Lifetime prevalence of depression is 17%
• $210 billion in annual healthcare costs 

• Antidepressants are the 3rd most prescribed medication (20% by 
psychiatrists and 80% by primary care provider)
• This number is anticipated to be higher from COVID-19 pandemic
• More than 20 million antidepressants were prescribed between October 2020 

and December 2020 – a 6% increase from those same months in 2019

• Anxiety disorders are the most common mental health disorder in the US 
(40 million Americans > 18yrs with a lifetime prevalence of 29%)

• $42 billion in annual healthcare costs

• Anxiety and depression diagnoses frequently coexist and have been 
INCREASING rapidly in US over the past several decades

Ettman CK, et al. JAMA Netw Open. 2020; 3(9):e2019686.
Robinson J. The Pharmaceutical Journal. 2021; 306: 7947. 



Note the 
antidepressants in 
the Top 200 drugs 

of 2021 such as             
#14 sertraline,           

#22 escitalopram, 
#23 fluoxetine,    
#27 bupropion,         

#35 citalopram, and 
#36 duloxetine

https://clincalc.com/DrugStats/Top300Drugs.aspx. 
Accessed February 17th, 2022.

https://clincalc.com/DrugStats/Top300Drugs.aspx


Diagnostic Criteria of 
Major Depressive Episode

United States Department of Veteran Affairs. (2016). Management of Major Depressive Disorder (MDD). https://www.healthquality.va.gov/guidelines/MH/mdd/



Kupfer DJ. Long-term treatment of depression. J Clin Psychiatry 1991;52(suppl 5):28-34.
APA. Practice Guideline for the Treatment of Patients with Major Depressive Disorder. 3rd edition, 2010.

Course of Depression



Goals of Therapy for Depression

• Acute Phase
– Lasts 6-12 weeks
– Goal: remission (absence of symptoms) 

• Continuation Phase
– Lasts 4-9 months after remission achieved
– Goal: eliminate residual symptoms or prevent relapse

• Maintenance Phase
– Lasts at least 12-36 months
– Goal: prevent recurrence (separate episode of depression) 

Kupfer DJ. Long-term treatment of depression. J Clin Psychiatry 1991;52(suppl 5):28-34.
APA. Practice Guideline for the Treatment of Patients with Major Depressive Disorder. 3rd edition, 2010.



Gaynes BN, et al. Psychiatr Serv. 2009; 60:1439-1445

Theoretical 
cumulative remission 
rate over 4 periods = 

67%

Remission was more likely 
to occur during the first two 
treatment levels (20%–30%) 
than during levels 3 and 4 

(10%–20%)



Inter-patient 
variability in 

treatment response 
to depression

Other non-genetic 
factors 

(environmental, 
drug-drug 

interactions)

Attributed to 
genetic variation in 
drug transporters

Attributed to genetic 
variation in 

pharmacodynamic
markers/drug targets 

(SLC6A4, 5HTR2A)

Attributed to 
genetic variation in 
drug metabolizing 
enzymes (CYP2C19 

and CYP2D6)



Non-genetic 
factors may 

influence 
treatment of 
depression

Age

Hepatic 
function

Renal function

Substance misuseConcomitant 
comorbidities

Drug-drug 
interactions

Phenoconversion



Patient Case Example
CC: AJ is a 55-year-old Hispanic male who reports to the clinic with increased apathy in daily 
activities. Denies suicidal ideations/plan. He has been taking venlafaxine XR 150mg daily for 
depression for the past 4 weeks and admits to good compliance with taking his medication. AJ 
has failed prior antidepressants trials including citalopram and sertraline. He admits to 
experiencing numerous adverse effects with these two latter antidepressants even with 
adjustments in using lower doses of these medications.
PMH: Percutaneous coronary intervention with coronary artery stent placement 5 years ago.          
He has a history of hyperlipidemia and hypertension.
SH: denies alcohol, recreational drug use and smoking.
Current Medications: venlafaxine XR 150mg daily, simvastatin 20mg qhs, lisinopril 20mg daily
Current Vitals: BP 125/85, HR 75, RR 12
Labs: SCr 0.9 mg/dL, ALT 25 IU/L and AST 20 IU/L, fasting lipid panel (TC 150, HDL 45, LDL 85 and 
TG 90), and A1c 5.5%

His psychiatrist ordered pharmacogenomic testing to guide next steps in managing AJ’s 
treatment-resistant depression. The PGx test comes back 4 days later (refer to next slide) and 
consults you regarding  input on treatment recommendations.





Patient 
Case 
Example

Which of the following treatment 
choices would you recommend as the 
next best step for managing AJ’s 
depression? Select all that apply.

a. Venlafaxine 
b. Desvenlafaxine
c. Amitriptyline
d. Paroxetine
e. Escitalopram 
f. Fluoxetine 
g. Bupropion
h. Vortioxetine 



• Selective serotonin reuptake inhibitors (SSRIs)
• Serotonin partial agonist/reuptake inhibitors (SPARIs)
• Serotonin-norepinephrine reuptake inhibitors (SNRIs)
• Norepinephrine-dopamine reuptake inhibitors (NDRIs)
• Selective norepinephrine reuptake inhibitors (NRIs)
• Serotonin antagonist/reuptake inhibitors (SARIs)
• Monoamine oxidase inhibitors (MAOIs)
• Tricyclic antidepressants (TCAs)

Antidepressant Classes

Stephen M. Stahl. Stahl's Essential Psychopharmacology: Neuroscientific Basis and Practical Applications – 4th Ed. New York. 
Cambridge University Press. 2013.



First Line Options for Initial Treatment of Depression

Kennedy SH et al. Canadian Network for Mood and Anxiety Treatments (CANMAT) 2016 Clinical Guidelines for the Management of Adults 
with Major Depressive Disorder: Section 3. Pharmacological Treatments. The Canadian Journal of Psychiatry; 2016, Vol. 61(9): 540-560



Second and Third Line Options for Treatment of 
Depression

Kennedy SH et al. Canadian Network for Mood and Anxiety Treatments (CANMAT) 2016 Clinical Guidelines for the Management of Adults 
with Major Depressive Disorder: Section 3. Pharmacological Treatments. The Canadian Journal of Psychiatry; 2016, Vol. 61(9): 540-560



Options for Treatment Resistant Depression

National Collaborating Centre for Mental Health (UK). 2020. Depression: The Treatment and Management of Depression in 
Adults (Updated Edition). https://www.nice.org.uk/guidance/cg90

Switching to another SSRI, SNRI, TCA, or MAOI

Augmenting an antidepressant with lithium, antipsychotic or 
mirtazapine

Combination therapy with antidepressants

Electroconvulsive therapy (ECT)

Transcranial magnetic stimulation (TMS)

https://www.nice.org.uk/guidance/cg90


Prevalence of Adverse Events Among 
Antidepressants

Kennedy SH et al. Canadian Network for Mood and Anxiety Treatments (CANMAT) 2016 Clinical Guidelines for the Management of Adults 
with Major Depressive Disorder: Section 3. Pharmacological Treatments. The Canadian Journal of Psychiatry; 2016, Vol. 61(9): 540-560



Genetic Variability in Pharmacokinetic 
(PK) Factors and Depression

Primary 
metabolizing 

enzyme of 
interest/
PK factor

Variant allele Allele 
Function

Examples of 
medications 

using 
metabolizing 

enzyme

CPIC 
Level

PharmGKb 
Level of 

Evidence

CYP2C19
*2, *3 

*17

No function

Increased 

SSRIs 
(citalopram/

escitalopram/
sertraline) and 

TCAs 
(amitriptyline)

A 1A

CYP2D6
*1 x N, *2 x N

*3, *4, *5, *6 

*10, *17, *41  

Increased

No function

Reduced 

Paroxetine,
Amitriptyline, 
Nortriptyline

Venlafaxine

A

A/B

1A

2A

M. Whirl-Carrillo, E.M. McDonagh, J. M. Hebert, L. Gong, K. Sangkuhl, C.F. Thorn, R.B. Altman and T.E. Klein. "Pharmacogenomics Knowledge for Personalized 
Medicine" Clinical Pharmacology & Therapeutics (2012) 92(4): 414-417.



Rashmi RR, et al. Ther Adv Drug Saf. 2018; 9(1) 45–62

Allelic Variability among Different Populations



Therapeutic Recommendations for SSRIs based on CYP2C19 Phenotypes 

Hicks JK et al. Clinical Pharmacogenetics Implementation Consortium (CPIC) Guideline for CYP2D6 and CYP2C19 Genotypes and 
Dosing of Selective Serotonin Reuptake Inhibitors. Clinical Pharmacology and Therapeutics. 2015; 98(2):127-134.



Therapeutic Recommendations for SSRIs based on CYP2D6 Phenotypes 

Hicks JK et al. Clinical Pharmacogenetics Implementation Consortium (CPIC) Guideline for CYP2D6 and CYP2C19 Genotypes and 
Dosing of Selective Serotonin Reuptake Inhibitors. Clinical Pharmacology and Therapeutics. 2015; 98(2):127-134.



Hicks JK et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2D6 and CYP2C19 Genotypes 
and Dosing of Tricyclic Antidepressants: 2016 Update. Clinical Pharmacology and Therapeutics 2016; 102(1):37-44.

Beyond SSRIs: PGx of Tricyclic Antidepressants

Hicks JK, et al. Clin Pharmacol Ther. 2017;102(1):37-44



Therapeutic Recommendations for Amitriptyline 
based on CYP2C19 Phenotypes 

Hicks JK, et al. Clin Pharmacol Ther. 2017; 102(1):37-44



Therapeutic Recommendations for Tricyclic 
Antidepressants based on CYP2D6 Phenotypes 

Hicks JK, et al. Clin Pharmacol Ther. 2017; 102(1):37-44



Therapeutic Recommendations for Amitriptyline 
based on both CYP2C19 and CYP2D6 Phenotypes

Hicks JK, et al. Clin Pharmacol Ther. 2017; 102(1):37-44



M. Whirl-Carrillo, E.M. McDonagh, J. M. Hebert, L. Gong, K. Sangkuhl, C.F. Thorn, R.B. Altman and T.E. Klein. "Pharmacogenomics Knowledge for 
Personalized Medicine" Clinical Pharmacology & Therapeutics (2012) 92(4): 414-417.

How about PD variants 
affecting treatment 

response?





Stein K, et al. J. Pers. Med. 2021; 11: 1334. https://doi.org/10.3390/jpm11121334







20 independent clinical sites 
within the US

Randomized in a 1:1 ratio to the 
experimental group (guided by 
the NeuroIDgenetix® test) or 

control group (standard of care)

HAM-A and HAM-D17 
interviews were used to 

monitor and assess patients for 
depression and anxiety 

symptoms

Bradley P, et al. Journal of Psychiatric Research. 2018; 96:100-107



Bradley P et al. Journal of Psychiatric Research 2018; 96:100-107
Bradley P, et al. Journal of Psychiatric Research. 2018; 96:100-107



Clinical Implications of Study 
Significantly increased number of medication changes made by 
physicians at 2 weeks in the PGx-guided group vs. standard of care                                   
(81% vs. 64%, p < 0.0001) 

PGx test results were informative and helpful in guiding and 
supporting physicians with medication changes

Using PGx information as one of the tools for making prescribing 
decisions may improve overall antidepressant use increasing the 
probability for patients to achieve remission

Demonstrates the clinical validity and utility of PGx-guided 
treatment for depression and anxiety in diverse clinical settings

Bradley P, et al. Journal of Psychiatric Research. 2018; 96:100-107





Hall-Flavin DK, et al. Pharmacogenet Genomics. 2013; 23(10): 535-48



Greden JF, et al. Journal of Psychiatric Research 2019; 111: 59-67



Greden JF, et al. Journal of Psychiatric Research 2019; 111: 59-67



Greden JF, et al. Journal of Psychiatric Research 2019; 111: 59-67



Improved Treatment Outcomes for Patients in 
PGx-Guided Care Arm over 24 Weeks

Greden JF, et al. Journal of Psychiatric Research 2019; 111: 59-67



Clinical Implications of GUIDED Study
Treatment outcomes significantly improved at week 8 among 
patients who switched to genetically congruent medications versus 
those who remained on genetically incongruent medications

Patients in the PGx guided-care arm experienced improved and 
sustainable treatment outcomes over 24 weeks

PGx testing improves treatment outcomes for patients who have 
treatment-resistant depression and underlying gene-drug 
interactions

Evaluation of study findings in diverse populations and treatment-
naïve depressed individuals is critically needed

Greden JF, et al. Journal of Psychiatric Research 2019; 111: 59-67



GUIDED Trial Post hoc Analysis

Thase ME, et al. J Clin Psychiatry. 2019; 31;80(6):19m12910

Objective:
“To assess 

outcomes for 
subset of patients 

expected for 
benefit from 

combinatorial 
pharmacogenomic 

testing because 
they were taking 
medications with 
predicted gene-

drug interactions”



Increased proportion of 
patients with no drug-gene 

interactions at week 8 in 
guided care arm versus 

treatment as usual (TAU)

Treatment outcomes 
including remission 

improved significantly at 
week 8 for those in guided 
care arm compared to TAU

GUIDED Trial Post hoc Analysis

Thase ME, et al. J Clin Psychiatry. 2019; 31;80(6):19m12910



Clinical Implications of GUIDED 
Post hoc Analysis

Pharmacogenomic testing can help to identify genetic 
factors responsible for treatment failure

PGx testing information can help to inform selection of 
new medications that avoid additional gene-drug 
interactions

Study findings support clinical utility of PGx testing in 
patients who fail current medications due to genetic 
reasons

Thase ME, et al. J Clin Psychiatry. 2019; 31;80(6):19m12910



https://www.insideprecisionmedicine.com/topics/molecular-dx-topic/unitedhealthcare-to-cover-genetic-testing-for-precision-
medicine-in-depression-anxiety/. Accessed March 15, 2022.

The nation’s largest private health insurer, UnitedHealthcare, announced 
August 1 that it will cover testing that will allow physicians to match their 
patients to anti-depressants most likely to work for them based on their genetic 
profiles. The new coverage policy, which also includes multi-gene panel 
testing for antipsychotic medications, goes into effect on October 1, 2019.

https://www.insideprecisionmedicine.com/topics/molecular-dx-topic/unitedhealthcare-to-cover-genetic-testing-for-precision-medicine-in-depression-anxiety/


Cost Effectiveness of 
PGx Testing in Patients 

with Depression



Winner J, et al. Translational Psychiatry. 2013; 3: e242; doi:10.1038/tp.2013.2



PGx Testing Improved QALYs and Cost Savings 
in Moderate to Severe Depressed Patients

Groessl E, et al. Journal of Managed Care and Specialty Pharmacy. 2018; 14: 225–230.



Rapid Fall in Costs per Human Genome
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How About 
Preemptive PGx 

Testing in Depression?



Preemptive PGx Testing for Depression:
PrePGx Trial

Stäuble et al. Trials (2021) 22:919 https://doi.org/10.1186/s13063-021-05724-5



Preemptive PGx Testing for Depression:
PRIME Trial

Oslin DW et al. Contemporary Clinical Trials 101 (2021) 106247



Vest BM, et al. BMC Psychiatry. 2020; 20(1): 518
McCarthy MJ, et al. Depression and Anxiety. 2020; 37(9):842-850.



PGx Testing Recommendations of Antidepressants

Drug

PharmGKB’s
interpretation of the 

level of action implied 
in FDA label

FDA Table of PGx Associations

Citalopram Actionable PMs in CYP2C19 results in higher systemic concentrations 
and adverse reaction risk (QT prolongation). 
The maximum recommended dose is 20 mg.

Escitalopram Actionable PMs, IMs and URMs of CYP2C19 may alter systemic 
concentrations.

Sertraline None Nothing reported

Paroxetine Informative PMs, IMs and URMs of CYP2D6 may alter systemic 
concentrations.

Amitriptyline Actionable PMs, IMs and URMs may alter systemic concentrations.

Nortriptyline Actionable PMs, IMs and URMs may alter systemic concentrations.

Venlafaxine Actionable PMs in CYP2D6 alters systemic parent drug and metabolite 
concentrations. Consider dosage reductions.

Vortioxetine Actionable PMs in CYP2D6 results in higher systemic concentrations. 
The maximum recommended dose is 10 mg.

https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations Accessed March 15, 2022. 



Patient Case Example
CC: AJ is a 55-year-old Hispanic male who reports to the clinic with increased apathy in daily 
activities. Denies suicidal ideations/plan. He has been taking venlafaxine XR 150mg daily for 
depression for the past 4 weeks and admits to good compliance with taking his medication. AJ 
has failed prior antidepressants trials including citalopram and sertraline. He admits to 
experiencing numerous adverse effects with these two latter antidepressants even with 
adjustments in using lower doses of these medications.
PMH: Percutaneous coronary intervention with coronary artery stent placement 5 years ago.          
He has a history of hyperlipidemia and hypertension.
SH: denies alcohol, recreational drug use and smoking.
Current Medications: venlafaxine XR 150mg daily, simvastatin 20mg qhs, lisinopril 20mg daily
Current Vitals: BP 125/85, HR 75, RR 12
Labs: SCr 0.9 mg/dL, ALT 25 IU/L and AST 20 IU/L, fasting lipid panel (TC 150, HDL 45, LDL 85 and 
TG 90), and A1c 5.5%

His psychiatrist ordered pharmacogenomic testing to guide next steps in managing AJ’s 
treatment-resistant depression. The PGx test comes back 4 days later (refer to next slide) and 
consults you regarding  input on treatment recommendations.





Patient 
Case 

Example

Which of the following treatment 
choices would you recommend as 
the next best step for managing AJ’s 
depression? Select all that apply.

a. Venlafaxine 
b. Desvenlafaxine
c. Amitriptyline
d. Paroxetine
e. Escitalopram 
f. Fluoxetine 
g. Bupropion
h. Vortioxetine 



Drug Gene CPIC Level
Atomoxetine* CYP2D6 A

Venlafaxine CYP2D6 A/B provisional

Vortioxetine CYP2D6 A/B provisional

Aripiprazole CYP2D6 B provisional

Risperidone CYP2D6 B provisional

Aripiprazole lauroxil CYP2D6 B/C provisional

Brexpiprazole CYP2D6 B/C provisional

Bupropion CYP2B6 B/C provisional

Haloperidol CYP2D6 B/C provisional

Iloperidone CYP2D6 B/C provisional

Mirtazapine CYP2D6 B/C provisional

Perphenazine CYP2D6 B/C provisional

Thioridazine CYP2D6 B/C provisional
*CPIC guideline available   https://cpicpgx.org/genes-drugs/ Accessed March 14, 2022  

Emerging Areas of PGx and Mental Health



SUMMARY TAKE HOME POINTS

• PGx test results are informative and helpful in guiding 
prescribing of antidepressants for patients who have 
underlying drug-gene interactions

• Cost-effectiveness studies support coverage of reactive PGx 
testing for patients who fail prior antidepressant trials

• Large clinical trials involving preemptive PGx testing and 
treatment of depression are currently in progress

• CPIC guidelines involving SSRIs/SNRIs and atypical 
antipsychotics on the horizon
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