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OBJECTIVES 

• Review background of pharmacogenetics 
• Evidence base for use in antidepressant 

guidance 
• Current guidelines 
• Review logistics of tests available 
• Recommendations for practice 
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CASE 

• A 33 yo male with a history of MDD, recurrent 
presents to his PCP with a depressive sxs after a 2 
year period of stability. He is not currently on 
medication.  His PHQ9 is 20; he denies SI but 
endorses multiple neurovegetative sxs. He 
reports multiple prior med trials with various 
SSRIs (escitalopram, citalopram, fluoxetine, and 
sertraline), but reports ‘none really worked for 
me’. He comments to you that he’s heard that 
genetic testing can sometimes help inform which 
medications might work best for him to try now. 
What do you say? 
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PHARMACOGENETICS 

• Pharmacogenetics: study of DNA/gene variations and their 
effect on drug metabolism, efficacy and tolerability.  

• History:  
– 1900, three blood groups  1956, G6PD deficiency  1977, 

cytochrome P450 enzymes  
• Currently available for a wide range of health problem s 

– >140 FDA-approved drugs with pharmacogenetic information 
• Support from policy level:  

– In Jan 2015, the Precision Medicine Initiative was introduced 
• Language: decision support tools, ‘personalized’ or 

‘precision’ medicine, Pgx or Pgen 
 
 

Baskys 2019, Hess et al 2016, Zeier et al 2018, Butler 2018 
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DRUG METABOLISM EFFECTS 

• Medications metabolized by cytochrome P450 
(CYP) enzymes in liver 

• ~ 90% of all drugs are metabolized by 7 
cytochrome enzymes: 
– CYP1A2, CYP3A4, CYP3A5, CYPC19, CYP2D6 (~25%), 

CYP2C9 and CYP2B69 
• Small changes in genes coding for these enzymes 

can have large effects 
– Deletions = no or poor enzyme activity 
– Duplications/multiplications = increased or rapid 

activity 

Baskys 2018, Ruano et al 2013, Butler 2018 
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DRUG METABOLISM EFFECTS 

• Poor, rapid and 
ultra-rapid 
metabolizers 

• 5-10% of 
population 

• Changes to drug 
tolerability, 
efficacy 

Butler 2018 
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PHARMACOGENETICS AND DEPRESSION 

• Genetic etiology of depression 
– MDD is 40-50% heritable, determined by a large 

number of genes 
• Genes as possible targets: 

– Genes regulating transporters: serotonin (SLC6A4 and 
HTR2A) norepinephrine (SL6A2) 

– Genes mediating stress response: BDNF, CRHBP, IL-6 
– Genes mediating neurotransmitter synthesis: TPH2 
– Genes mediating metabolism of drugs: Cytochrome 

P450 enzyme system 

Baskys 2019, Bousman and Mueller 2018, Hess et al 2016, Fabbri et al 2018, Lohoff 2011 
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PHARMACOGENETICS AND DEPRESSION 

• Rationale for PGx testing in depression treatment 
– More than 40 antidepressant drugs 
– Among most frequently prescribed in US  
– “Trial and error” approach with 4-12 week wait 

periods 
– Of those treated, 25-50% do not respond sufficiently 

to treatment  
– ~40% of patients discontinue their medications within 

the first 90 days of therapy because of a lack of 
response, side effects, or both.  

 
 
 
 
 
 

Baskys 2019, Bousman and Mueller 2018, Hess et al 2016, Fabbri et al  2018 
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DRUG METABOLISM EFFECTS 
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 APA Task 
Force for 
Novel 
Biomarkers 
and 
Treatments 
Report in 
2018 

 Scale: 1A 
(strong 
evidence) to 
4 
(preliminary 
evidence) 

Zeier et al 2018 

GENE DRUG INTERACTIONS 
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PHARMACOGENETIC TESTS 

• 40+ tests currently available 
• Most include information about metabolizers, 

some include candidate gene information  
– No two panels are precisely the same 

• Example test: GeneSight Psychotropic test  
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EXAMPLE TEST 
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LITERATURE REVIEW: PGX AND 
ANTIDEPRESSANTS  
• Major topics in literature currently 

– Testing patient outcomes using PGx: safety, tolerability and efficacy 
– Testing effects on prescribing practices 
– Economic and cost effectiveness analyses  
– Patient sub-population and generalizability of results 

• RCTs: GeneSight, CNSDose, Genelex, Neuropharmagen, 
NeuroIDgenetix 

• Case-control studies: GeneSight, Genecept, GeneLex 
• Observational studies with no comparator group: AmpliChip, 

CNSDose, GeneSight, Genecept, Genelex, Neuropharmagen, 
HILOmet, Pillcheck 

• Most studies commercially funded (except one case-control study, 
one RCT) 
 
 

Fabbri et al 2018 
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META-ANALYSIS: MDD AND PGX 

• Two meta-analyses from Rosenblatt group 
• 2018:  

– Aim: the effect of PGx testing-guided MDD treatment 
on response and remission rates vs unguided 
treatment using HAMD-17 

– Results: 
• 4 RCTs:  all at least partially funded by the companies 

manufacturing the pharmacogenomic tests 
– Blinding not possible 

• 2 open label prospective cohort studies 
 
 Rosenblatt et al 2018 
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META-ANALYSIS: MDD AND PGX 

Rosenblatt et al 2018 

• RR for treatment response: 1.36 (95% CI = 1.14 to 1.62; p = 0.0006; n = 799)  
• RR for remission: 1.74 (95%CI = 1.09 to 2.77; p = 0.02, n = 735)  
• Conclusions: 

• Treatment outcomes might be improved by PGx guidance  
• Blinding issues: are improved enhanced placebo effect?  
• “No PGx test had replicated findings to support improved therapeutic efficacy.” 
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META-ANALYSIS: MDD AND PGX 

• Bousman et al 2018 
– Aim: Include prospective RCTs that examined 

pharmacogenetic tests and depressive sx 
remission in MDD 

– 1737 eligible subjects from five RCTs  
• Studies included same four RCTs from Rosenblatt PLUS 

results from large GeneSight funded GUIDED trial 

Bousman et al 2018 
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• Results: Pts with 
pharmacogenetic testing (n = 
887) were 1.71 (95% CI: 
1.17–2.48; p = 0.005) times 
more likely to achieve 
symptom remission 
compared to patients in TAU 
group (n = 850).  

• Conclusion: 
Pharmacogenetic testing 
might improve symptom 
remission among those with 
MDD. 

META-ANALYSIS: MDD AND PGX 

Bousman et al 2018 
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GUIDED TRIAL (2019) 

• Large (N=1,200) blinded RCT evaluating GeneSight guided tx 
vs TAU 

• In guided arm, MDs have PGx test and can use or not use 
results to help prescribe 

• Primary outcome: sx improvement at week 8 

 

Greden et al 2019 
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GUIDED TRIAL (2019) 

• Patients were evaluated according to whether they were 
prescribed congruent (n = 77) or incongruent (n = 136) 

• Significant differences in sx improvement, response, remission 

Greden et al 2019 
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• Reviewed RCTs, 
observational and cost 
effectiveness studies for 4 
companies 

 
• Conclusions: 

 
• “We conclude that there is 

insufficient evidence to support 
widespread use of 
combinatorial 
pharmacogenetic decision 
support tools at this point in 
time.” 
 

APA TASK FORCE FOR NOVEL BIOMARKERS 
AND TREATMENTS REPORT (2018) 

Zeier et al 2018 
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JAMA PSYCHIATRY VIEWPOINT 2018 

• “The available evidence suggests that Pgen tests will not contribute 
much to care.” 

• No single gene/gene set determines more than 2-3% of disease 
course 
– Extremely rapid or slow metabolism is rare 

• Concerns about unproven procedures distracting from hx taking 
– Focus on thoughtful dose choice, SE monitoring 

• Blinding of studies, appropriate controls are research issues  
• Conflicts of interest are an issue 

 
 
• Bousman response: “Pharmacogenetics in Psychiatry: A 

Companion, Rather Than Competitor, to Protocol-Based Care” 
 
 Zubenko et al  2018 
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• FDA supports tests for 
drug metabolism but 
rejects claim that some 
genetic tests results can 
be used to choose 
antidepressant 
medication (better 
efficacy). 

• Providers have made 
changes to patients’ 
medication based on 
these results. 

• April 2019:  Warning 
letter to Inova 
Genomics Lab 
 

FDA Press Announcement Nov 2018, update April 2019 

“The relationship between DNA 
variations and the effectiveness of 

antidepressant medications has 
never been established.”  

 

FDA STATEMENTS (2019) 
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• Does pharmacogenetic testing 
change the drug or dose selected by 
physicians compared with usual 
care?  YES 

 

REVIEW:  WASHINGTON HCA 2016 
PRESCRIBING PRACTICES 

• Effectiveness: 2 studies, both found to 
be not cost effective 

COST EFFECTIVENESS 

https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf 
“Pharmacogenomic Testing for Selected Conditions Final Evidence Report” 

https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf
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CURRENT GUIDELINES:  
WASHINGTON HEALTH 
CARE AUTHORITY 
• Evidence for PGx 

testing effect on pt 
outcomes is too 
limited, 
compromised and 
poor in quality  

 
• “Evidence is 

insufficient for 
conclusions 
regarding clinical 
use.” 

https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf 

GUIDELINES:  WASHINGTON HCA 

https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf
https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf
https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf
https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf
https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf
https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf
https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf
https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf
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GUIDELINES:  VA (2016) 

• VA Evidence-based Synthesis Program 
• PGx guided treatment has not shown 1) an 

improvement in remission, response, and 
tolerability, and 2) these improvement being due 
to prescribing changes 2/2 PGx testing. 

• Concerns re: generalizability 
– Study population demographics: females 
– Diagnostic criteria: no comorbidities, PTSD excluded 

• In 2014, VA awarded federal supply contract to 
GeneSight  

Petersen et al 2016 
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CURRENT IMPLEMENTATIONS  

• As of July 2018, at least 8 institutions have implemented PGx testing for 
med guidance 
– Mt Sinai, Cincinatti Children’s, Indiana University, Vanderbilt 
– Research is ongoing 

• Reactive vs preemptive strategies 
– Reactive: order testing only when someone fails multiple medications 

or does not tolerate medications 
– Preemptive: order testing on most patients before first med trial 

Cavallari et al 2019 
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HOW DO I ORDER PHARMACOGENETIC 
TESTING? 

• Choosing a test 
• Obtaining a test 
• Insurance coverage 
• Coding information 

Hess et al 2016 
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Fabbri et al 2018 

• Over 40 available, 
some in labs 

• Order from company 
directly or call lab 

• Complete patient 
sample in office 
(blood or cheek 
swab) and send per 
package instructions 

• Turn around 
advertised as 36 
hours to a few weeks 
 

“Pharmacogenetic tests to guide drug treatment in depression”  
 

CHOOSING A TEST 
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FDA TABLE OF BIOMARKERS 

• FDA drug labeling for 28 
psychiatric medications 
includes CYP450 
pharmacogenetic 
information 
– Antidepressants with 

dosing guidelines: 
citalopram, 
nortriptyline, 
venlafaxine, 
vortioxetine 

– Others: Aripripazole, 
brexpripazole, 
clozapine, 
atomoxetine, 
iloperidone  

https://www.fda.gov/Drugs/ScienceResearch/ucm572698.htm 

Table of Pharmacogenomic Biomarkers in Drug Labeling 
 

https://www.fda.gov/Drugs/ScienceResearch/ucm572698.htm
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FDA TABLE OF BIOMARKERS: DOSING 
INFORMATION 

• Example of guidelines based on biomarker: citalopram 
– Take away points for citalopram: change maximum dose 

based on metabolizing status (CYP2C19 poor metabolizers), 
but no change based on other metabolizer types (CYP2D6) 

https://www.fda.gov/Drugs/ScienceResearch/ucm572698.htm 

FDA TABLE OF BIOMARKERS 

https://www.fda.gov/Drugs/ScienceResearch/ucm572698.htm
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MEDICARE AND 
MEDICAID 

• Traditional Medicare and 
Medicaid cover some tests as 
of recently  

 

INSURANCE COVERAGE 

COMMERCIAL PAYORS 

• Coverage varies 
• Not covered to prior 

authorization required 
(Regence, Aetna, UHC) 

• Recommend calling insurer 

https://www.uhcprovider.com/content/dam/provider/docs/public/policies/comm-medical-
drug/pharmacogenetic-testing.pdf 

https://www.uhcprovider.com/content/dam/provider/docs/public/policies/comm-medical-drug/pharmacogenetic-testing.pdf
https://www.uhcprovider.com/content/dam/provider/docs/public/policies/comm-medical-drug/pharmacogenetic-testing.pdf
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CODING 
INFORMATION 

• Some 
pharmacogenetic 
tests may require 
more than one CPT 
code 

• Can consider 
contacting PGx 
company to ask 
about other CPT 
codes 

Hefti and Blanco 2016 

CODING INFORMATION 
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• FDA permits marketing of the 23andMe Personal Genome Service 
Pharmacogenetic Reports test as a direct-to-consumer test 
– Self collected saliva samples 
– 33 possible genetic variants, 4 members of CYP 450 family 

• FDA authorizes information about metabolizer status, but not 
predicted response to specific medications 

• >12 million Americans have used companies like 23andMe and 
AncestryDNA.  

 
 

DIRECT TO CONSUMER TESTING 
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• Genetic Information Nondiscrimination 
Act (GINA, 2008) 
– Regulates how genetic information is 

used 
– Protects against discrimination in 

health insurance and employment.  
– Significant limitations - life insurance, 

long-term care insurance and to 
employers with less than 15 
employees. 
 

 
• “Our current regulatory approach to 

privacy in direct-to-consumer 
genealogic testing has permitted the 
creation of a Wild West environment.” 

May, NEJM 2018; Forbes 2018 

ETHICAL CONSIDERATIONS 
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TAKE HOME POINTS 

• Evidence is limited for PGx testing 
– Guidelines do not recommend routine screening 
– No clear recommendations on when or who to test 

• Insurance and cost limitations persist 
– If patients are interested or ask, can inquire with insurance 

companies first 
• Strategies for Pgx testing 

– Focus on metabolizer status 
– If patient has failed multiple medication trials, especially at 

high doses 
– If patient has repeatedly intolerable SE to multiple 

medications 
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PHARMACOGENETICS RESOURCES 

• Clinical Pharmacogenetics Implementation Consortium: 
https://cpicpgx.org/guidelines/ 

• FDA Table of Pharmacogenomic Biomarkers in Drug Labeling 
– https://www.fda.gov/Drugs/ScienceResearch/ucm572698.htm 

• Pharmacogenomics Knowledgebase (PharmGKB): 
– Recommended by APA:  www.pharmgkb.org 

• IGNITE Network (NIH funded): 
https://www.genome.gov/27554264/implementing-genomics-in-practice-
ignite/ 

• Dutch Pharmacogenetic Working Group: https://upgx.eu/guidelines/ 
• APA Task Force Report: “Clinical Implementation of Pharmacogenetic 

Decision Support Tools for Antidepressant Drug Prescribing” 
• Washington Health Care Authority Report: 

https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-
20161209.pdf 

• Fabbri, Chiara, Joseph Zohar, and Alessandro Serretti. "Pharmacogenetic 
Tests to Guide Drug Treatment in Depression." Progress in Neuro-
psychopharmacology & Biological Psychiatry. 86 (2018): 36-44.  

https://cpicpgx.org/guidelines/
https://www.fda.gov/Drugs/ScienceResearch/ucm572698.htm
http://www.pharmgkb.org/
https://www.genome.gov/27554264/implementing-genomics-in-practice-ignite/
https://www.genome.gov/27554264/implementing-genomics-in-practice-ignite/
https://upgx.eu/guidelines/
https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf
https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf
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GUIDELINES: CPIC 

• Clinical Pharmacogenetics Implementation Consortium 
(CPIC®) : international consortium of volunteers 
interested in facilitating of PGx tests for patient care. 
– For CYP2D6 or CY2C19 poor metabolizers with greatly 

reduced metabolism of tricyclic antidepressants or SSRIs, 
consider a 25% to 50% reduction of the recommended 
starting dose. 

– Dose tricyclic antidepressants or SSRIs based on CYP2D6 or 
CYP2D6 gene phenotypes (ultrarapid metabolizer, 
extensive metabolizer, intermediate metabolizer, or poor 
metabolizer). 

• Use alternative drug not predominantly metabolized by the either 
the CYP2D6 or CY2C19 for ultra-rapid metabolizers 

Fabbri et al 2018 

http://www.ncbi.nlm.nih.gov/pubmed/?term=21270786
http://www.ncbi.nlm.nih.gov/pubmed/?term=21270786
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According to APA Task Force and FDA, pharmacokinetic testing 
has some evidence base, but pharmacodynamic does not 
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REVIEW:  WASHINGTON HCA 2016 

https://www.hca.wa.gov/assets/program/pharmacogenomics-final-rpt-20161209.pdf 

“Pharmacogenomic 
Testing for Selected 

Conditions Final 
Evidence Report” 
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