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Mr. J, age 30, a Black man with major depressive disorder (MDD), 
has been your patient for the past year. At the time of his diag-
nosis, Mr. J received sertraline, 100 mg/d, but had little to no 

improvement. During the past year, he received trials of citalopram and 
paroxetine, but they were not effective for his recurrent depressive symp-
toms and/or resulted in significant adverse effects. 

During a recent visit, Mr. J asks you about “the genetic tests that help 
determine which medications will work.” He mentions that his brother 
had this testing done and that it had “worked for him,” but offers no other 
details. You research the different testing panels to see which test you 
might use. After a brief online review, you identify at least 4 different prod-
ucts, and are not sure which test—if any—you should consider. 

During the last few years, there has been a rise in commercial pharma-
cogenetic testing options, including tests available to clinicians at academic 
medical centers as well as direct-to-consumer testing (Table, page 14). 
Clinician and patient interest regarding pharmacogenetic testing in prac-
tice is often followed by the question, “Which test is best?” Although this is 
a logical question, providing an answer is multifactorial.1-3 Because none of 
the currently available tests have been compared in head-to-head clinical 
trials, it is nearly impossible to identify the “best” test. 

In this article, we focus on the evidence-based principles that clini-
cians should consider when adopting pharmacogenetic testing in their 
practice. We discuss which genes are of most interest when prescrib-
ing psychotropic medications, the value of decision support tools, 
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cost considerations, and patient education 
regarding this type of testing.

Which genes and variants should 
be tested?
The genes relevant to medication treatment 
outcomes can be broadly classified into 
those with pharmacokinetic vs pharma-
codynamic effects. Pharmacogenes, such 
as those coding for the drug-metabolizing 
enzymes cytochrome P450 (CYP) 1A2, 
CYP2B6, CYP2C19, CYP2C9, CYP2D6, 
CYP3A4, and UDP-glucuronosyltransferase 
(UGT)2B1, may alter the rate at which medi-
cations are metabolized, thus varying the 
serum drug concentration across patients. 
Variants that impact the function of these 
enzymes are considered pharmacokinetic. 
Up to 40% of the variance in patients’ 
response to antidepressants may be due to 
variations in the pharmacokinetic genes.4 
Alternatively, pharmacodynamic pharmaco-
genes impact drug action and therefore may  
affect the degree of receptor activation at 
a given drug concentration, overall drug 
efficacy, and/or the occurrence of medi-
cation sensitivity. These pharmacogenes  
may include:

•	brain-derived neurotrophic factor 
(BDNF)

•	catechol-O-methyltransferase (COMT)
•	human leukocyte antigens A (HLA-A)
•	serotonin receptor subtype 2 (HTR2)
•	serotonin receptor subtype 2C (HTR2C)
•	opioid receptor mu 1 (OPRM1)
•	solute carrier family 6 member 4 

(SLC6A4). 

In articles previously published in Current 
Psychiatry, we outlined some of the evi-
dence regarding these pharmacogenes, and 
resources available to clinicians to support 
their use of these tests.1,2 

Currently, there is no standardization 
among commercial pharmacogenetic tests 
on: 

•	which genes to test
•	which variants specific to a gene need 

to be included
•	how the genetic data is translated to 

phenotype
•	how the phenotype is translated to a 

treatment recommendation. 

Due to these factors, the FDA has advised 
clinicians to consult the dosing recommen-
dations provided in a medication’s pack-
age insert for information regarding how 
genetic information should be used in mak-
ing treatment decisions.2 

The value of decision support tools
Researchers have assessed how various 
manufacturers’ decision support tools (DSTs) 
(ie, the reports the commercial testing com-
panies send to the clinician who orders the 
test) agree on genotypes, predicted pheno-
types, and medication recommendations.4 

Overall, this research found varying levels of 
disagreement in the medication recommen-
dations of the testing panels they studied, 
which indicates that not all tests are equiva-
lent or interchangeable.4 Of the actionable 
recommendations for antidepressants, 16% 
were conflicting; the recommendations for 
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Table

Examples of pharmacogenetic testing companiesa

Company Contact information

GeneSight https://genesight.com/

CNSdose https://cnsdose.com/

Genomind https://www.genomind.com/

Neuropharmagen https://www.genpharmservices.com/product/
neuropharmagen/

23andme https://www.23andme.com/

Dynamic DNA Laboratories https://dynamicdnalabs.com/

Myriad Genetics https://myriad.com/
aThis is not a comprehensive list of all available testing companies
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fluoxetine and imipramine were most fre-
quently in disagreement.4 Similarly, 20% 
of the actionable antipsychotic advice was 
conflicting, with the recommendations for 
aripiprazole and clozapine most frequently 
in disagreement.4 Researchers also reported 
a situation in which 4 testing panels agreed 
on the patient’s phenotyping status for 
CYP2C19, but the dosing recommendations 
provided for the CYP2C19 substrate, ami-
triptyline, differed.4 Thus, it is understand-
able why DSTs can result in confusion, and 
why clinicians should use testing panels with 
recommendations that best align with their 
individual practices, their patient’s needs, 
and FDA information. 

Additionally, while the genes included on 
these panels vary, these testing panels also 
may not evaluate the same variants within a 
specific gene. These differences may impact 
the patient’s reported phenotypes and medi-
cation recommendations across DSTs. For 
example, the FDA has recommended HLA 
gene testing prior to prescribing carbamaze-
pine. However, few of the available tests may 
include the HLA-B*15:02 variant, which has 
been associated with carbamazepine-induced 
severe cutaneous reactions in patients of 
Asian descent, and fewer may include the 
HLA-A*31:01 variant, for which testing is 
recommended prior to prescribing carbam-
azepine in patients of Caucasian descent.4 
Additionally, some of the CYP enzymes—
such as CYP2D6*17 and CYP2C19*3 vari-
ants, which may be more common in certain 
populations of patients who are members 
of ethnic or racial minority groups—may 
not be consistently included in the various 
panels. Thus, before deciding on a specific 
test, clinicians should understand which 
gene variants are relevant to their patients 
with regard to race and ethnicity, and key 
variants for specific medications. Clinicians 
should refer to FDA guidance and the 
Clinical Pharmacogenomics Implementation 
Consortium (CPIC) guidelines to determine 
the appropriate interpretations of genetic test 
results.1,2 

Despite the disagreement in recommen-
dations from the various testing companies, 
DSTs are useful and have been shown to 
facilitate implementation of relevant psycho
pharmacology dosing guidelines, assist in 

identifying optimal medication therapy, 
and improve patient outcomes. A recently 
published meta-analysis of randomized 
controlled trials (RCTs) of pharmacogenetic 
testing found that DSTs improved symptom 
remission among individuals with MDD by 
70%.5 This suggests that pharmacogenetic-
guided DSTs may provide superior treat-
ment compared with treatment for DSTs 
were not used. However, the RCTs in this 
meta-analysis only included patients who 
had previously failed an antidepressant 
trial.5 Therefore, it is currently unknown at 
what point in care DSTs should be used, and 
whether they would be more beneficial if 
they are used when starting a new therapy, 
or after several trials have failed. 

Consider the cost
The cost and availability of pharmacoge-
netic testing can be an issue when making 
treatment decisions, and such testing may 
not be covered by a patient’s insurance 
plan. Recently, the Centers for Medicare & 
Medicaid Services announced that Medicare 
would cover FDA-approved genomic tests 
that encompass broad gene panels if the 
evidence supports their use. Similarly, com-
mercial insurers such as UnitedHealthcare 
have begun to cover some pharmacogenetic 
tests.6 Medicare or Medicaid plans cover 
some testing panels’ costs and patients do 
not incur any out-of-pocket costs; however, 
some private insurance companies require 
patients to pay at least a portion of the cost, 
and many companies offer financial assis-
tance for patients based on income and 
other factors. Although financial coverage 
for testing has improved, patients may still 
face out-of-pocket costs; therefore, clinicians 
may need to weigh the benefits of phar-
macogenetic testing vs its cost.7 Clinicians 
should also determine what timeline best 
suits their patient’s financial and clinical 
needs, and test accordingly. 

Patient education is critical
Although the benefits of using pharmaco-
genetic testing information when making 
certain treatment decisions is promising, it 
is important for both patients and clinicians 
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to understand that test results do not always 
change therapy. A study on the impact of 
pharmacogenetic testing on clinical out-
comes of patients with MDD found that 
79% of patients were already prescribed 
medications that aligned with recommen-
dations.8 Therefore, switching medications 
based on the test results of a patient who is 
doing well clinically is not recommended. 
However, DSTs may help with clinical deci-
sions for ambiguous cases. For example, if 
a patient has a genotype and/or phenotype 
that aligns with medication recommenda-
tions, the DST might not be able to identify 
a better medication to use, but may be able 
to recommend dosing guidance to improve 
the tolerability of the patient’s current 
therapy.6 It is also important to understand 
that the results of such testing may have a 
broader use beyond the initial reason for 
obtaining testing, such as when prescribing 
a common blood thinner such as warfarin 
or clopidogrel. However, for many of the 
pharmacodynamic genes that are included 

in these panels, their use beyond the treat-
ment of depression may be limited because 
outcome studies for pharmacodynamic 
pharmacogenes may vary based on psychi-
atric diagnosis. Regardless, it may be ben-
eficial to securely save and store patient test 
results in a standardized place within the 
medical record for future use. 

 CASE CONTINUED 

You work with Mr. J to help him understand 
the benefits and limitations associated with 
pharmacogenetic testing. Assuming Mr. J is 
comfortable with the costs of obtaining test-
ing, you contact the testing companies you 
identified to determine the specific pharma-
cogene variants included on each of these 
panels, and which would be the most appro-
priate given his race. If the decision is made to 
order the testing, provide Mr. J with a copy of 
his testing report so that he can use this infor-
mation should he need any additional phar-
macotherapy in the future, and also maintain 
a copy in his patient records using a standard-
ized location for easy future access. If Mr. J is 
not comfortable with the costs associated 
with the testing, find out which medication his 
brother is currently receiving for treatment; 
this information may help identify a treatment 
plan for Mr. J.

Impact on practice
As psychiatry continues to gain experi-
ence in using pharmacogenetic testing and 
DSTs to help guide treatments for depres-
sion and other disorders, clinicians need 
to learn about these tools and how to use 
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Bottom Line
Pharmacogenetic tests have not been examined in head-to-head clinical trials,  
which makes it nearly impossible to identify which test is best to use. Although 
the testing companies’ decision support tools (DSTs) often disagree in their recom-
mendations, research has shown that using DSTs can facilitate implementation of 
relevant psychopharmacology dosing guidelines, assist in identifying optimal medi-
cation therapy, and improve patient outcomes. Clinicians should use testing panels 
with recommendations that best align with their individual practices, their patient’s 
needs, and FDA information.

Related Resources
•	�PGx Gene-specific information tables. www.pharmgkb.org/

page/pgxGeneRef

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

Drug Brand Names

Aripiprazole • Abilify
Carbamazepine • Tegretol
Citalopram • Celexa
Clopidogrel • Plavix
Clozapine • Clozaril
Fluoxetine • Prozac

Imipramine • Tofranil
Paroxetine • Paxil
Sertraline • Zoloft 
Warfarin • Coumadin,  
   Jantoven
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an evidence-based approach to best imple-
ment them in their practice. Many academic 
medical centers have developed continuing 
education programs or consult services to 
help with this.9,10 Just as the choice of which 
medication to use may be based partly on 
clinician experience, so too may be which 
pharmacogenetic test to use.  
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