
In multiple previous studies, the GeneSight test, a combinatorial multigene pharmacogenomic test, powered by 
CPGx® technology, has shown an ability to predict poorer antidepressant outcomes and to help guide healthcare 
providers to more genetically optimal medications, leading to improved patient outcomes.1–5

What is the difference between traditional “single-gene” testing and the 
GeneSight® test’s proprietary CPGx® approach?

Figure 1: GeneSight Combinatorial Pharmacogenomics

What is “combinatorial pharmacogenomics”?

Neuropsychiatric medications are metabolized by multiple enzymes and interact with multiple neuropathways 
in order to attain clinical response.6 Pharmacogenomic testing has traditionally made a necessary, but flawed, 
pharmacologic assumption -- that only a single drug-metabolizing enzyme is relevant for a given medication. This 
assumption was likely made because the vast number of permutations of genetic effects and metabolic pathways 
rendered the interpretation of test results unfeasible to implement into clinical practice. The GeneSight test’s 
proprietary CPGx® approach was specifically designed to address this problem. Results from over 750 published 
clinical studies, detailed pharmacology, manufacturers’ FDA-approved medication labels and our proprietary 
clinical research have been integrated to analyze and weight the importance of multiple pharmacokinetic and 
pharmacodynamic genes (Figure 1). The factors taken into consideration include:

All known CYP450 and non-CYP450 metabolic 
pathways of each medication and medication 
metabolite, weighted for their relative importance

The pharmacodynamic activity levels of the parent 
compound and any active metabolites and genetic 
variation that may impact pharmacodynamic activity, 
incorporating known clinical considerations (e.g. 
hydroxybupropion’s seizure risk mentioned below) 

Validated research regarding all known functionally 
significant alleles in all relevant weighted genes

FDA labeling information related to genetically 
mediated efficacy or tolerability of a medication

The GeneSight test then integrates this information with the genetic test results obtained from each patient’s buccal 
swab in order to categorize the 55 FDA-approved medications into the three “traffic light” color-coded categories in 
our GeneSight report revealing ascending levels of gene-drug interactions: green (use as directed), yellow (moderate 
gene-drug interaction) and red (significant gene-drug interaction). This integrated approach accounts for multiple 
pharmacokinetic and pharmacodynamic pathways and categorizes them according to severity of their gene-drug 
interaction as a whole construct, as opposed to a reductionistic “one gene, one drug” approach.

Do you have some examples of the clinical significance of combinatorial pharmacogenomic testing?

Venlafaxine is an excellent example of the importance of combinatorial pharmacogenomic testing.  While several 
sources cite CYP2D6 as the only relevant CYP450 enzyme7,8, abundant data have demonstrated the clinical 
relevance of other enzymes, including CYP2C19, CYP2C9, and CYP3A49–13 (Figure 2).  Multiple case studies have 
reported on venlafaxine-induced adverse events among patients with reduced activity at multiple CYP450 
enzymes.14–17 One of these cases involved an individual who was a CYP2D6 extensive metabolizer, but was a CYP2C19 
intermediate metabolizer and taking a medication that inhibited CYP2C9. The deficiencies at these two pathways 
resulted in severe tremor, which abated when venlafaxine was discontinued.17 Another case describes a poor 
metabolizer of both CYP2D6 and CYP2C19 who died of venlafaxine poisoning following a 150 mg dose of extended-
release venlafaxine.16 
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Does combinatorial pharmacogenomics produce better patient outcomes than single-gene testing?

Single-gene pharmacogenomic testing has historically produced mixed results regarding clinical outcomes24, 
although recent guidelines have brought attention to clinically important single gene-drug interactions25-28.  One 
viable reason for the lack of overwhelming evidence for single-gene testing is that the combined (i.e. combinatorial) 
effects of multiple genes give the most accurate pharmacologic picture for a given medication.  Without this full 
combinatorial picture, the clinical effect may be muted creating mixed outcomes.  An important clinical question is, 
“Do the additive effects of the combinatorial process predict improved patient outcomes compared to each gene 
individually?” 

To address this question, Assurex Health published an analysis comparing the predictive ability of the GeneSight 
test to traditional single-gene testing in 201529. The analysis used combined data from the standard of care arms of 
three prospective clinical outcome trials of the GeneSight test.  It is important to note that this analysis assessed the 
standard of care (i.e. control arm or treatment as usual) group of patients so that no patient or patient’s healthcare 
provider was aware of their pharmacogenomic information, thus creating blinded outcomes.  

Figure 3: Bupropion Metabolism

Another example of the importance of combinatorial pharmacogenomic testing is bupropion. Bupropion 
is metabolized by CYP2B6 to hydroxybupropion18–20, which is further metabolized by CYP2D621 (Figure 3).  
Hydroxybupropion is thought to be the major contributor to the seizure risk associated with bupropion.22,23 

Combinatorial pharmacogenomic testing would predict that individuals who are combined CYP2B6 ultrarapid 
metabolizers and CYP2D6 poor metabolizers may be expected to have higher hydroxybupropion levels, leading 
to an increased risk of bupropion-induced seizures. Conversely, traditional single-gene testing for only CYP2B6 
may predict that a CYP2B6 ultrarapid metabolizer would need a higher dose of bupropion. However, knowledge of 
CYP2D6 genotype is also necessary since a patient may be at an increased risk of seizures if hydroxybupropion is 
metabolized slowly. Therefore, increasing the dose of bupropion in this case would be ill-advised.
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Figure 2: Venlafaxine Metabolism
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Figure 5: Clinical improvement among patients taking CYP2D6 medications, 
stratified by GeneSight combinatorial phenotype
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Has the value of combinatorial pharmacogenomics been recognized by others?

The Center for Medicare and Medicaid Services (CMS) has recognized the value of the GeneSight test’s proprietary 
CPGx® approach and issued a Medicare Coverage Determination (LCD – L35443) for GeneSight Psychotropic, a 
patented and proprietary test, effective October 24, 2014. This decision is the first time Medicare has established 
coverage for a combinatorial, pharmacogenomic test to help guide medication decisions for patients. CMS made this 
determination after examining the clinical validity, clinical utility, and economic outcomes of GeneSight Psychotropic 
as proven by multiple peer-reviewed and published clinical studies.1-5 Because of the proprietary (one supplier) nature 
of the test, this coverage determination applies to all Medicare and Medicare Advantage patients nationally. 

This coverage policy is separate and unique from CMS policies for single-gene testing (e.g. CYP2D6).30-32 Furthermore, 
no other psychiatric pharmacogenomic test has achieved a favorable decision from CMS. This positive coverage 
decision points to the growing acceptance of the GeneSight test by payors.

In this analysis, patients were stratified into subgroups based on their medication regimen, accounting for each 
medication’s combined metabolic pathway.  For example, if patient 1 was taking venlafaxine, which is a substrate 
for CYP2D6, CYP2C19 and CYP2C9, she was included in the CYP2D6, CYP2C19, and CYP2C9 analyses. If patient 2 
was taking venlafaxine and also taking olanzapine, which is metabolized through CYP1A2 and CYP2D6, he would be 
included in the CYP2D6, CYP2C19, CYP1A2, and CYP2C9 analyses.   

Once these subgroups were assigned, traditional single-gene phenotypes (e.g. CYP2D6 UM, EM, IM, and PM) were 
assessed for improvement in clinical outcomes. The results of the CYP2D6 subgroup analysis are displayed in 
Figure 4. When only CYP2D6 genotype was considered for medications that were primarily (though not exclusively) 
metabolized by CYP2D6, the resultant phenotypes were not predictive of patient outcomes, suggesting that 
individual gene testing alone is unable to accurately predict patient response to medications, agreeing with the 
history of outcome data for these tests.24

The same analysis was performed using the phenotype categories from the GeneSight test’s proprietary CPGx® 
process (i.e. “green,” “yellow,” “red”) instead of each phenotype (UM, EM, IM, and PM).  The categorical GeneSight 
process (green, yellow, red) reveals combined information about all relevant genes so that more information may 
be clinically assessed than simply the ‘primary  metabolic pathway’ for a given medication.  The results of the 
GeneSight test’s proprietary CPGx® analysis are displayed in Figure 5. When using the GeneSight combinatorial report 
to predict response to medications that were primarily (though not exclusively) metabolized by CYP2D6, significant 
differences were observed, with the red category showing lower improvement in depressive symptoms than 
subjects in the green or yellow categories.  Given that these patients were fully blinded to their pharmacogenomic 
information, this demonstrates the ability of the GeneSight test to a priori predict patient medication response when 
all of the pharmacogenomic information is integrated and presented in an actionable form. Without knowing which 
medications a patient will do poorly on, a healthcare provider cannot do something different for the patient. The 
GeneSight test helps guide healthcare providers to select more genetically optimal medications for their patients.

Figure 4: Clinical improvement among patients taking CY2D6 medications, 
stratified by CYP2D6 phenotype alone
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For more information, contact the Assurex Health Medical Information Department at:

PHONE: 855.891.9415

EMAIL: medinfo@assurexhealth.com

Conclusion

The GeneSight test employs a proprietary and wholly unique method of predicting patient medication response using 
a combinatorial pharmacogenomic method. Combinatorial pharmacogenomics uses knowledge of each medication’s 
unique set of pharmacokinetic and pharmacodynamic characteristics to incorporate and appropriately weight genetic 
variation at multiple loci to produce more accurate predictions of patient response than testing solely for the primary 
metabolic pathway of a medication.
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