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The GeneSight® Psychotropic Combinatorial Algorithm

The Pharmacogenomic (PGx) Algorithm: A common discussion among experts revolves around
pharmacogenomic (PGx) testing algorithms. Many commercial tests are proprietary, and therefore, their
algorithms are considered a "black box"! This white paper provides an overview of the data selection process,
the inputs, and the steps involved in the GeneSight® Psychotropic combinatorial algorithm.

Overview of Data Included in The GeneSight Algorithm

Evidence used to build the algorithm is derived from comprehensive literature and data reviews. Sources
include published scientific literature (PubMed, Embase, Google Scholar, etc.), approved regulatory drug labels,
and review applications (FDA). Animal-derived, preclinical data are excluded from assessment as only human
based data are evaluated.

The data can be stratified into three categories:
* FDA reviewed pharmacokinetic (PK) and pharmacodynamic (PD) documents submitted as part of a new drug
application (NDA).

* in-vitro (test tube) and in-vivo (human) data assessing medication pathways that have been published in peer-
reviewed journals. This identifies the genes involved in the metabolism and/or the mechanism of action of a
medication.

* in-vitro and in-vivo data evaluating genetic variations and applying expected activity levels (i.e. phenotype
expression based on genetic variation) that have either been published in peer-reviewed journals or derived
from internal lab data. This identifies to what extent the genetic variation is expected to impact the metabolism
and/or the mechanism of action of a medication.

The quality of the data is scrutinized, with higher quality evidence having a greater impact in the algorithm. For
example, in-vivo data will be held in higher regard than in-vitro data.

Additionally, data assessed by evidence grading bodies such as the Pharmacogenomics Knowledgebase
(PharmGKB), and data evaluated by the Clinical Pharmacogenetics Implementation Consortium (CPIC) and the
Dutch Pharmacogenetic Working Group (DPWGQ), are also evaluated for inclusion in order to ensure that all sources
of clinically actionable gene-drug interactions (GDI) and genotype-phenotype relationships have been considered.
However, our evaluation of the data may lead to different interpretations than what is concluded by individual expert
PGx groups, evidence grading bodies, or other PGx companies.

The field of PGx is constantly evolving. As the evidence surrounding the impact of established and newly identified
genetic variants on medication metabolism and response evolves, so too will the algorithm. Therefore, literature
is collected and curated on a continuous basis. When enough new, quality literature has been accumulated for a
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particular gene-drug interaction, an internal committee determines if a change should be made. A full review of the
GeneSight test is completed approximately every 15 - 2 years.

The GeneSight Algorithm: Stepwise Overview
The algorithm can be broken down conceptually into the following steps. (Figure 1).
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Figure 1: The Algorithmic Process

1: Estimation of Allele Activity and Function

An allele refers to different versions of a gene. Each allele that makes up a genotype is assigned an expected activity
level or function. If the allele is pharmacokinetic (PK) in nature and codes for a phase 1 or phase 2 metabolic enzyme,
then the "1 allele is used to designate the “wild type” allele, which is expected to have normal activity. For an allele

to be assigned an activity level that is different than the normal "1 allele activity level, PK studies must have been
conducted depicting variable activity for that allele. That “variant” would then be assigned either increased activity,
reduced activity, or no activity.

If the allele is pharmacodynamic (PD) in nature, then consistent well-replicated findings from studies must have
depicted that genetic variability is associated with variable outcomes, such as an increased risk of side effects or
reduced response to a medication. PD allele genetic variability does not have standardized nomenclature like PK
metabolic genes.

Please refer to our “\Why doesn't the GeneSight® test analyze certain genetic variants?" white paper for more

information regarding criteria for adding a gene.
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2: Conversion of Genotype to Phenotype
An individual's combination of alleles for a specific gene is the genotype, while the effect of that specific
combination is the phenotype.

For PK genes, the phenotype, or expressed enzyme activity level, depicts the metabolizer status and is assigned
dependent on which alleles are detected. On the GeneSight test, the metabolizer status can be one of four
phenotype groups (i.e,, activity level groups): “extensive/normal’, “intermediate”, “poor”, or “ultrarapid”. The
phenotype groups are determined by the expected total percent enzyme activity, which is calculated by adding
together the percent enzyme activity of each individual allele. For example, an individual with "4/°5 for CYP2D6
would be categorized as “poor” considering that 4 and "5 alleles both result in no CYP2D6 enzyme activity. When
total percent enzyme activity is calculated for this genotype, it is most consistent with the “poor” activity level. The
percent enzyme activity levels are derived from the comprehensive literature and data review. These values, as well

as metabolizer status ranges/cut-offs, are proprietary.

For PD genes, the phenotype would depict the likelihood of response or the risk of side effects and is dependent on
which alleles are detected. On the GeneSight test, the likelihood of response would either be considered normal or
reduced, and the risk of side effects would either be considered the standard risk or an elevated risk, depending on
the respective PD gene and the genotype expressed. For example, an individual with the S allele for SLC6A4 would
be expected to have a reduced response to certain SSRIs. It is important to note that not all medications evaluated
will have PD implications.

3: Determination of Fractional Enzymatic Metabolism

To determine the percentage of enzyme involvement in the metabolism of a medication, a metabolic flowchart is
internally constructed that is based on enzymatic pathway data. The flowcharts are comprehensive, and include
all potential metabolites, enzymatic pathways, and metabolic byproducts. The fractional involvement of enzymatic
metabolism (i.e., the magnitude of enzyme involvement) is approximated based on the assessed literature. For
example, let's say for Drug X, evidence suggests that CYP2CI19, CYP2D6, and CYP3A4 are involved in the metabolic

process to variable degrees (Figure 2).
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Figure 2: Metabolic Pathways of Drug X
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The assigned percentages (i.e, enzyme weight) are proprietary to the GeneSight algorithm. However, information
regarding specific enzymatic involvement for each medication is depicted at the end of every GeneSight report in
the Gene-Drug Interaction (GDI) chart. Once the weighted pathways are determined, an individual's phenotype for
each relevant gene can be applied to the algorithm. The algorithm is constructed with an assumption of normal
metabolic phenotype activity ("1/71). The actual genotypes that are run in the algorithm are changed to depict the
individual's detected phenotype (In the example listed above, the algorithm will be run with 4/°5 instead of "1/°1 for
CYP2D6). Combinatorial phenotype weighting is proprietary for the GeneSight algorithm.

4: Apply Genetic Implications

To convey all potential outcomes and all possibilities, the algorithmic models are run using the relevant weights
from the pathways involved and the individual's phenotypes. To depict the algorithm, each enzyme involved in the
metabolism of a medication is assigned a magnitude and direction. The magnitude is determined by how large

of a role the enzyme plays in the overall metabolism of a medication. The direction is determined by the patient's
phenotype (i.e,, whether increased or decreased activity is expected). Continuing with Drug X as our example, if the
individual is a poor metabolizer for CYP2D6, an intermediate metabolizer for CYP3A4, and an ultrarapid metabolizer
for CYP2CI19, then the algorithm would depict the overall metabolism of Drug X to be reduced (Figure 3).

High Activity
Significant Gene-Drug Interaction
Drug X 16
Normal

Clinical Considerations

1 Serum level may be too high, lower doses may be required.

6 Use of this drug may increase risk of side effects.
Low Activity

Figure 3: Example of Combinatorial Impact of Genetic Variability on Drug X

PD genetic considerations are also assessed to determine their potential impact on the likelihood of response or risk
of side effects with certain medications. For example, the SLC6A4 gene has been shown in the literature to affect

an individual's response to the SSRI class of medications, specifically in the Caucasian population. If an individual
carries the S allele of that gene, then the GeneSight algorithm would predict a reduced response to certain SSRIs.
Both PD and PK genes play important roles in outcomes with medications. However, not all medications will be
affected by both PD and PK genes. Based on a patient's detected genetic variation, medications can either stay in
the green “Use as Directed" category, or be placed into the yellow “Moderate Gene-Drug Interaction” or the red
“Significant Gene-Drug Interaction” category.
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5: Application of Clinical Considerations

Clinical considerations state the rationale for a medication's classification and can help inform treatment decisions
by providing information about how an individual's genetic variation may impact outcomes. Please refer to our "How_
can | use the clinical considerations to help interpret the GeneSight® report?” white paper for more information.

6: Final Report S
A report is generated that applies the previously discussed steps to all 64 medications screened. Based on the 14
genes evaluated in the algorithm, there are 995,328 possible combinations of phenotypes that an individual may
have. The medications in each category of the report are listed in alphanumeric order, with medications with less
clinical considerations being placed at the top of the list in alphabetical order, and medications with more clinical
considerations being placed further down the list. Medication placement in each of the three categories is based

on detected genetic variability and severity of GDI. Medication failure may still occur with medications in the “Use

as Directed" category, and medications in the "Significant GDI" category may be effective, as all medications have
unique efficacy and side effect profiles. PGx testing is intended to provide insight on how an individual's genetic
variation may affect outcomes with certain medications and should be used in conjunction with other clinical factors,
expertise, and judgment. Therefore, PGx tests are intended to be ordered by and used only in consultation with a
healthcare provider who can prescribe medications. The GeneSight test results are designed to be just one part of

a larger, complete patient assessment, which would include proper diagnosis and consideration of an individual's
medical history, other medications they may be taking, their family history, and other factors.

Conclusion

Most medications are processed via multiple metabolic pathways, with genomic variability being capable of
influencing the rate of metabolism as well as the potential response or risk of side effects. Depending on the genomic
variability, minor pathways when considered collectively may be more influential than a major metabolic pathway on
metabolism. The GeneSight Psychotropic test uses a combinatorial approach that measures multiple genomic variants
for each individual and weighs them in combination to provide comprehensive information about how an individual's
genetic variation may impact their outcomes with certain medications. The clinical validity and clinical utility of the
GeneSight Psychotropic test have been evaluated in multiple published, peer-reviewed clinical trials.2®

For more information, contact the GeneSight Medical Information Department at:

PHONE: 8558919415
EMAIL: medinfo@genesight.com
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