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Aim: The aim of this study was to validate the analytical performance of a combinatorial pharmacoge-
nomics test designed to aid in the appropriate medication selection for neuropsychiatric conditions. Ma-
terials & methods: Genomic DNA was isolated from buccal swabs. Twelve genes (65 variants/alleles) asso-
ciated with psychotropic medication metabolism, side effects, and mechanisms of actions were evaluated
by bead array, MALDI-TOF mass spectrometry, and/or capillary electrophoresis methods (GeneSight Psy-
chotropic, Assurex Health, Inc.). Results: The combinatorial pharmacogenomics test has a dynamic range
of 2.5–20 ng/μl of input genomic DNA, with comparable performance for all assays included in the test.
Both the precision and accuracy of the test were >99.9%, with individual gene components between 99.4
and 100%. Conclusion: This study demonstrates that the combinatorial pharmacogenomics test is robust
and reproducible, making it suitable for clinical use.
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Pharmacogenomics is a burgeoning branch of personalized medicine that has emerged from the need to minimize
the cumbersome trial and error approach to identify safe and effective drug treatment regimens for patients with
mental illness. Fewer than half of the patients respond to their initial antidepressant treatment and response rates
decline even further with additional treatment trials [1,2]. However, pharmacogenomic molecular testing can improve
medication selection by evaluating genetic variations known to affect the physiological effects of some psychiatric
medications. For example, many psychiatric medications are metabolized by one or more cytochrome P450 (CYP)
enzymes. As such, genetic variations that impact the enzymatic activity of CYPs will have a direct impact on
the metabolism, and therefore, safety and efficacy of relevant drugs. Given these known gene–drug interactions,
the US FDA now makes genotype-specific psychiatric medication recommendations, including modified dose
recommendations [3]. For example, the FDA recommends that the maximum dose of Celexa (citalopram) be
decreased from 40 to 20 mg/day for ‘CYP2C19 poor metabolizers’ due to a substantial increase in the peak plasma
concentration and area under the plasma concentration time curve for individuals with this genotype [4].

Understanding an individual’s genomic variation can be used to guide medication selection with the goal
of decreasing adverse drug events and increasing efficacy. However, many psychiatric drugs are metabolized by
multiple pathways and act on multiple targets. As such, genetic variations in many different genes may impact
the pharmacokinetics (rate of metabolism) as well as the pharmacodynamics (mechanism of action) of specific
medications. A number of genetic variants are also associated with the increased risk for adverse drug reactions [5].
For example, the presence of certain HLA alleles can contribute to an increased risk for carbamazepine-induced
cutaneous adverse drug reactions [6].

In response to these clinical concerns, a combinatorial pharmacogenomic test has been developed to guide
psychiatric medication selection (GeneSight Psychotropic) [7]. This test detects genetic variations in several genes
associated with the pharmacokinetics, pharmacodynamics, and treatment related side effects for medications that
are used to treat neuropsychiatric disorders. The genotype of each component is used to generate a weighted combi-
natorial report in order to rank medications according to the severity of gene–drug interactions [7]. Previous studies
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Table 1. Genes and variants included in the combinatorial pharmacogenomic panel.
Gene Alleles/variants evaluated Assays used in genotyping

Bead array MALDI-TOF PCR + capillary
electrophoresis

CYP1A2 -3860G�A, -2467T�delT, -739T�G, -729C�T, -163C�A, 125C�G,
558C�A, 2116G�A, 2473G�A, 2499A�T, 3497G�A, 3533G�A,
5090C�T, 5166G�A, 5347C�T

X X

CYP2B6 *4, *6, *9 X X

CYP2C9 *2, *3, *4, *5, *6 X X

CYP2C19 *2, *3, *4, *5, *6, *7, *8, *17 X X

CYP2D6 *2, *2A, *3, *4, *5 (gene deletion), *6, *7, *8, *9, *10, *11, *12,
*14, *15, *17, *41, gene duplication

X X X†

CYP3A4 *13, *15A, *22 X X

UGT1A4 *3 X X

UGT2B15 *2 X X

HTR2A -1438 G �A X X

SLC6A4 (rs4795541) L, S X

HLA-A rs1061235 polymorphism indicating presence of the HLA-A*3101
allele or certain HLA-A*33 alleles

X X

HLA-B HLA-B*1502 and closely related HLA-B alleles *1511, *1513 and
*1515

X X‡

The alleles and/or genetic variants tested in each gene are shown along with the assays utilized to assess genotype.
†CYP2D6 duplication and deletion only.
‡HLA-B*1502 and SLC6A4/HLA-B*1502 multiplex assay.

have demonstrated that this combinatorial pharmacogenomic test predicts response to psychiatric medications,
with a superior performance relative to single-gene analysis [8]. In addition, utilization of this test has been shown
to improve patient response to selected medications [9,10] and decrease overall healthcare costs [11,12].

The analytical performance of molecular tests is an important component of appropriate clinical use, as the
ability to detect the presence or absence of a particular biomarker, gene or genetic variant must be robust and
reproducible. For many molecular tests, evaluating the analytical performance is fairly straightforward and is based
on dichotomous (i.e., positive vs negative) results. However, many pharmacokinetic and pharmacodynamic markers
are highly variable and result in genotypes and genotype combination(s) that produce a range of phenotypes. For
example, metabolizer phenotypes of CYP enzymes can range from ‘poor metabolizer’ to ‘ultra-rapid metabolizer’
phenotypes. Therefore, pharmacogenomic tests must take into consideration both the analytical performance of
the assay (precision and accuracy) as well as the ability of tested markers to affect a phenotype (clinical relevance).

Despite the large number of commercially available pharmacogenomic tests, very few analytical validations have
been published for pharmacogenomic testing. A recent study by Bousman et al. highlighted a high degree of
variability even in the recommendations provided by commercially available pharmacogenetic tests [13], despite
recommendations from the Clinical Pharmacogenetics Implementation Consortium [14]. In light of the clinical
importance of validating the performance of pharmacogenomic tests, we present the analytical validation of a
combinatorial pharmacogenomic test with regards to the individual gene components as well as the genotype
results.

Materials & methods
Pharmacogenomic testing
The combinatorial pharmacogenomic test (GeneSight Psychotropic, Assurex Health, OH, USA) included 65 alleles
and variants across 12 genes (Table 1): CYP1A2 (15 alleles), CYP2B6 (4 alleles), CYP2C9 (6 alleles), CYP2C19
(9 alleles), CYP2D6 (17 alleles and duplication), CYP3A4 (4 alleles), UGT1A4 (2 alleles), UGT2B15 (2 alleles),
HTR2A (2 alleles), the long and short 5HTTLPR variants of the SLC6A4 serotonin transporter gene (2 alleles),
HLA-A (*3101 associated SNP rs1061235) and HLA-B (1 allele).

This test has been validated using genomic DNA. Samples utilized here were submitted for clinical testing
(Assurex Health) unless specified otherwise. Genomic DNA was collected using buccal swab samples as previously
described [8]. This study utilized de-identified data collected in the course of normal healthcare operations.
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Combinatorial pharmacogenomic testing involves two main components – evaluating the genotype of each
variant/allele and interpreting the collective genotypes. The genotype for each allele/variant was determined using
laboratory-developed methods that utilized both manufacturer-designed and custom-designed primers. Analysis of
HLA-B*1502 and SLC6A4 was completed by capillary electrophoresis of PCR products using laboratory-developed
multiplex assays. Analysis of CYP1A2, CYP2B6, CYP2C19, CYP2C9, CYP3A4, HTR2A, HLA-A*3101, UGT1A4
and UGT2B15 variants was completed by either multiplex iPLEX MassARRAY MALDI-TOF mass-spectrometry
assays (Agena Bioscience, CA, USA) or multiplex Luminex xTAG bead array assays (Luminex Corporation,
TX, USA). CYP2D6 genotype was determined using either iPLEX MassARRAY assays in combination with the
laboratory-developed long-range PCR assays for the CYP2D6 deletion and duplication or using commercially
available xTAG CYP2D6 v3 assay from Luminex Corporation [15]. A list of the tested genetic variants and the
analysis methods is presented in Table 1, with additional details described in the Supplementary Material.

All the assays were performed in batches that contained genomic DNA sample(s) from Coriell Institute for
Medical Research with known genotypes as positive control sample(s), a negative control sample (nuclease-free
water) and/or an extraction control sample (a negative control sample that underwent DNA extraction process
alongside the patient samples). Batch results were considered passing if the positive control sample(s) displayed
the expected genotype and negative/extraction control samples did not produce any signal(s) above the established
thresholds. To be considered passing results, samples were also required to meet prespecified criteria for each assay
as described in the Supplementary Material.

For passing samples, the genotypes for each measured allele/variant were evaluated by a pharmacogenomic
algorithm [7]. This algorithm analyzed 12 different genes to weigh their combined influence on patient response to
55 different psychotropic medications. Based on this analysis, medications were placed into one of three advisory
categories based on the pharmacokinetic and pharmacodynamic implications: ‘use as directed’, ‘moderate gene–drug
interaction’ and ‘significant gene–drug interaction’.

Dynamic range & detection limit
The range of input DNA that produces reproducible test results was evaluated using a dilution series of samples
with final DNA concentrations ranging from 1 to 100 ng/μl (DNA input amounts from 5 to 500 ng). Genomic
DNA samples were obtained from the National Institute of General Medical Sciences (NIGMS) Human Genetic
Cell Repository at the Coriell Institute for Medical Research (repository IDs listed in Supplementary Table 1) and
diluted to the desired concentration. Samples that contained genetic variants included in the pharmacogenomic
panel were selected for use in this analysis. Each concentration was tested in triplicate on each assay for a total of
24 samples per concentration. The range of concentrations at which passing results were consistently obtained on
all the assays was determined.

Precision
The precision of the combinatorial pharmacogenomic test was evaluated via repeatability (i.e., closeness of agree-
ment between independent test results for the same samples and under the same conditions) and reproducibility
(i.e., closeness of agreement between independent test results for the same measure and under different conditions).
Repeatability was assessed by testing unique samples in triplicate by the same technician and same instrument
on different days. Reproducibility was assessed by comparing the results produced by different technicians and
different instruments.

The precision of all assays was evaluated using eight unique batches tested in triplicate, with the exception
of the electrophoresis assay for the CYP2D6 deletion. The bead array assays were evaluated using batches of 10
samples (CYP1A2, CYP2B6, CYP2C9, CYP3A4, HTR2A) or 14 samples (HTR2A, HLA-A*3101, HLA-B*1502,
UGT1A4, UGT2B15) for a total of 240 or 336 samples, respectively. The MALDI-TOF assay was evaluated using
batches of seven for a total of 168 samples. The electrophoresis assays for SLC6A4 and HLA-B were tested using
batches of 31 samples for a total of 744 samples. The electrophoresis assay for the CYP2D6 duplication was tested
using batches of ten samples (120 total samples). The electrophoresis assay for the CYP2D6 deletion was tested
using four batches of ten samples (40 total samples).

Accuracy
The accuracy of the combinatorial pharmacogenomic test was evaluated using samples with known genotypes.
For CYP1A2, CYP2B6, CYP2C19, CYP2C9, CYP2D6 and CYP3A4, accuracy was evaluated using reference
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Table 2. Dynamic range assessment.
DNA concentration
(ng/μl)

Bead array assays MALDI-TOF assay PCR + capillary electrophoresis assays

SLC6A4 SLC6A4/HLA-B*1502 CYP2D6 duplication CYP2D6 deletion

60–100 18/18 3/4 n/a 6/6 6/6 6/6

40–50 18/18 3/4 9/9 6/6 6/6 6/6

20 18/18 4/4 9/9 6/6 6/6 6/6

10 18/18 4/4 n/a 6/6 6/6 6/6

5 18/18 4/4 n/a 6/6 6/6 6/6

2.5 18/18 4/4 9/9 6/6 6/6 6/6

1 18/18 4/4 n/a 6/6 6/6 5/6

The number of samples that produced passing results is shown relative to the number of tested samples with input DNA concentrations between 1 and 100 ng/μl.
n/a: Not applicable (concentration not evaluated).

samples from the NIGMS Human Genetic Cell Repository at the Coriell Institute for Medical Research (repository
IDs listed in the Supplementary Table 1). These reference samples contained mutations of clinical importance
that have been confirmed by multiple volunteer laboratories using different testing platforms [16]. For UGT1A4,
UGT2B15, HLA-A*3101 and HLA-B*1502, accuracy was also evaluated using genomic DNA samples from
NIGMS Human Genetic Cell Repository at the Coriell Institute for Medical Research for samples included in
the 1000 Genomes Project. For variants in these genes, expected genotypes were derived from the 1000 Genomes
Project [17]. Additionally, proficiency-testing samples from the College of American Pathologists (CAP) [18] were
used as reference samples for CYP2C19, CYP2C9 and CYP2D6 genotypes. Results of proficiency sample testing
were submitted to the CAP and compared with the expected results and results submitted by other laboratories.

The test accuracy was evaluated using additional methods when available. Polymorphisms in CYP1A2, CYP2B6,
HTR2A, UGT1A4 and UGT2B15 were confirmed by an orthogonal independent test method performed internally
or by an independent laboratory. This included Sanger sequencing for CYP1A2 and HTR2A, PCR followed by
restriction fragment length polymorphism analysis for CYP2B6, pyrosequencing for UGT1A4 and qPCR assay for
UGT2B15. Since no reference samples were available for SLC6A4 ‘S’ and ‘L’ polymorphism, the results obtained
from Assurex Health Laboratories for ten samples were confirmed by two independent laboratories: Cincinnati
Children’s Hospital Medical Center Molecular Diagnostic Laboratory (OH, USA) or PGX Laboratories (KY, USA).

Only two and three reference samples were available for HLA-A*3101 and HLA-B*1502, respectively. Therefore,
four to seven positive and negative patient samples were tested and the results were confirmed using high-resolution
HLA sequence-based typing performed by Histogenetics (NY, USA) and an alternative PCR method using the
HLA-A*3101 detection kit (Pharmigene, Inc., CA, USA), or the HLA-B*1502 detection kit (Pharmigene, Inc).

Allele frequencies
To evaluate assay performance, the minor allele frequencies (MAFs) for each SNP included in combinatorial
pharmacogenomics test were evaluated among a clinical testing population that represents admixed North American
population. The observed allele frequencies for different testing methods were obtained by direct counting and
compared with MAFs published in the National Center for Biotechnology Information (NCBI) SNP database
(dbSNP) (1000 Genomes Project: Eastern Asian, n = 504; African, n = 661; European, n = 503; admixed American,
n = 347; South Asian, n = 489; and the Exome Aggregation Consortium Aggregated Populations, n = 60,706) [19].

Results
Dynamic range
The range of genomic DNA concentrations that will produce reliable combinatorial pharmacogenomic test results
was determined. The bead array assays and electrophoresis assays for SLC6A4/HLA-B*1502 PCR and the CYP2D6
duplication produced passing results for all samples over the full range of DNA concentrations evaluated (1–
100 ng/μl) (Table 2). The SLC6A4 PCR and electrophoresis assays produced passing results for all evaluated DNA
concentrations (2.5, 20, 40–50 ng/μl). The MALDI-TOF assay had a 25% pass rate for samples between 40 and
100 ng/μl; however, all the samples with 1–20 ng/μl of input DNA produced passing results. The long-range PCR
and electrophoresis assays for the CYP2D6 deletion had an 83% pass rate at a DNA concentration of 1 ng/μl.
Thus, the dynamic range of all the assays was 2.5–20 ng/μl of genomic DNA.
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Table 3. Summary of precision.
Assay Gene/variant Samples evaluated Repeatability Reproducibility

Bead array CYP1A2 240 100% 100%

CYP2B6 240 100% 100%

CYP2C9 240 100% 100%

CYP2C19 240 100% 100%

CYP3A4 240 100% 100%

CYP2D6 120 100% 100%

HTR2A 240 100% 100%

HLA-A*3101 336 100% 100%

HLA-B*1502 336 100% 100%

UGT1A4 336 99% 99%

UGT2B15 336 100% 100%

MALDI-TOF CYP1A2 168 100% 100%

CYP2B6 168 100% 100%

CYP2C9 168 100% 100%

CYP2C19 168 100% 100%

CYP2D6 168 100% 100%

CYP3A4 168 100% 100%

HTR2A 168 �99.9% �99.9%

HLA-A*3101 168 100% 100%

UGT1A4 168 99% 99%

UGT2B15 168 100% 100%

PCR + capillary electrophoresis
assays

HLA-B*1502 744 100% 100%

SLC6A4 744 100% 100%

CYP2D6 duplication 120 100% 100%

CYP2D6 deletion 40 100% 100%

The repeatability and reproducibility is shown by gene for each assay.

Precision
The precision of each testing method was assessed by comparing genotype results for samples tested under the
same conditions (repeatability) and under different conditions (reproducibility). Samples tested under the same
conditions were ≥99.9% concordant for all assays, with the exception of the bead array assay for UGT1A4 *3
polymorphism (Table 3). Similarly, samples tested under different conditions were ≥99.9% concordant for all
assays other than the UGT1A4 bead array assay (Table 3). Discordant UGT1A4 genotypes were observed for one
replicate of the same sample to produce a repeatability and reproducibility of 99%. This was due to low median
fluorescence intensity signals leading to abnormal analyte ratios.

Accuracy
The accuracy of the combinatorial pharmacogenomic test was evaluated by assessing samples with known geno-
types via at least two independent methods. The methods of genotype confirmation are described in detail in
Supplementary Table 2. For CYP1A2, CYP2B6, CYP2C19, CYP2C9, CYP2D6, CYP3A4, HTR2A, UGT1A4,
UGT2B15 and SLC6A4, the overall concordance between laboratory-determined genotypes and the expected
genotypes obtained using a reference method was 100% (Table 4).

The presence or absence of the HLA-A*3101 allele was indirectly evaluated using the rs1061235A>T SNP, which
is in linkage disequilibrium (r2 = 1) with HLA-A*3101 in European populations [20]. All the samples containing
the HLA-A*3101 allele were positive for rs1061235A>T variant; however, some samples that were positive for
this variant contained HLA-A*3301. Overall, 67% (8/12) of rs1061235A>T positive samples were HLA-A*3101
positive and 33% (4/12) were HLA-A*3301 positive. This is consistent with a previous study, which demonstrated
that this SNP is associated with the presence of HLA-A*33 alleles [21]. As both HLA-A *3101 and HLA-A*3301
alleles are associated with rs1061235 A>T variant, this analysis was 100% concordant with the expected genotypes.

future science group www.futuremedicine.com 193



Research Article Jablonski, King, Wang et al.

Table 4. Accuracy of assay genotyping.
Gene Concordance with reference method 1 Concordance with reference method 2†

Primary method of genotype confirmation: CDC GeT-RM

CYP1A2 100% (n = 6) 100% (n = 10)

CYP2B6 100% (n = 11) 100% (n = 125)

CYP2C19 100% (n = 12) 100% (n = 39)

CYP2C9 100% (n = 22) 100% (n = 39)

CYP2D6 100% (n = 22) 100% (n = 39)

CYP3A4 100% (n = 11)

Primary method of genotype confirmation: 1000 Genomes Project

UGT1A4 100% (n = 3) 100% (n = 21)

UGT2B15 100% (n = 3) 100% (n = 47)

rs1061235 (T) 100%‡ (n = 12) 100% (n = 12)

HLA-B*1502 100% (n = 2) 83% (n = 6)

Primary method of genotype confirmation: CCHMC Molecular Diagnostics Lab

HTR2A 100% (n = 24) 100% (n = 10)

SLC6A4 100% (n = 10) 100% (n = 10)

Concordance between laboratory-determined genotypes and genotypes determined by the different reference method(s).
† Includes the evaluation of CAP proficiency samples, testing by an independent laboratory or in-house testing by orthogonal methods.
‡ Includes the detection of either HLA-A*3101 or HLA-A*3301.
CAP: College of American Pathologists; CCHMC: Cincinnati Children’s Hospital Medical Center; CDC GeT-RM: Centers for Disease Control Genetic testing reference materials coordination
program.

For HLA-B*1502, one false positive result was produced for the reference samples, for a concordance of 83%
(Table 4). This is consistent with a separate analysis of a large patient cohort, which showed that other closely
related HLA-B*15 alleles (e.g., *1515, *1513 and *1511) may be also detected by the HLA-B*1502 PCR assay to
yield some false positive results (data not shown).

Overall, the laboratory determined genotypes were determined in 496 reference samples. With only one false
positive result, the overall accuracy of the combinatorial pharmacogenomic test was 99.8%.

Allele frequencies
Observed allele frequencies can be used to monitor assay performance both internally and in comparison to
published genotype frequencies. As shown in Supplementary Table 3, MAFs observed in patients representing an
admixed North American population who underwent clinical testing using different methods were in agreement
with the expected allele frequencies for each other. This included the detection of all the tested genetic variants,
including rare variants.

Discussion
Consideration of pharmacogenomic information can be important in appropriate medication selection for neu-
ropsychiatric conditions, especially in individuals with extreme phenotypes. Much like information about drug–drug
interactions, pharmacogenomics can be a helpful adjunct to clinical decision-making. The ability of combinatorial
pharmacogenomic testing to predict outcomes (an important measure of clinical validity) has been demonstrated in
several studies [7,10,12,22]. Improvement in outcomes using combinatorial pharmacogenomic testing (clinical utility)
has also been tested [7,10–11,22]. In order to ensure appropriate patient care, it is also important to show that the test
findings are an accurate representation of a patient’s genotype. Here, we report the analytic validity of all the genes
and genetic variants tested as part of a 12-gene combinatorial pharmacogenomic test.

The data presented here show that all assays produced passing results for samples with input DNA concentrations
between 2.5 and 20 ng/μl. The concentration of genomic DNA obtained from buccal swabs varies greatly, ranging
from 2 to 72 ng/μl or even higher. As such, samples with a concentration of >20 ng/μl are diluted for testing.
However, with a lower limit of 2.5 ng/μl, the DNA obtained from buccal swabs is sufficient for reliable testing.

The repeatability and reproducibility was ≥99.9% for all individual genes, with the exception of UGT1A4. For
this gene, low fluorescence intensity in one sample resulted in discordant findings. The data analysis parameters for
UGT1A4 were subsequently adjusted to identify and re-queue samples with a similar issue, thereby minimizing
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the risk of reporting incorrect results. Still, the overall precision of the pharmacogenomic test was >99.9%. This
shows that the laboratory testing methods are robust and reproducible under all conditions.

The accuracy of the genotypes determined by the combinatorial pharmacogenomic test was evaluated for all
tested genes. This was done using reference samples with known genotypes when available. Test results were 100%
concordant for all genes evaluated against reference samples with known genotypes. Test results were also 100%
concordant with the genotypes for clinical samples obtained by independent or orthogonal testing for all variants
and alleles with the exception of HLA-B*1502, for which there was one false positive. Overall, the accuracy of
genotype results produced by this combinatorial pharmacogenomic test was 99.8%. The false positive result for
HLA-B*1502 was likely due to closely related alleles with high DNA and protein sequence homology. While
these related alleles are rare, additional studies are needed to investigate any possible role they may play in drug
hypersensitivity reactions.

In an admixed North American population, the observed allele frequencies measured using the bead array assays
were comparable to those measured using MALDI-TOF assays (or PCR/capillary electrophoresis-based assay for
HLA-B*1502). This indicates that the test performance is comparable between methods that utilize different
primer sets and analytical platforms. The allele frequencies observed using the combinatorial pharmacogenomic
testing methods were also compared with those reported in the NCBI dbSNPs. Overall, allele frequencies pub-
lished in NCBI dbSNPs show great variability in different populations. For example, allele frequencies for the
CYP2D6100C>T (rs1065852) genetic variant ranged from 11% in an African population to 57% in an East
Asian population. The allele frequencies observed in the cohort of patients who had clinical testing here were most
similar to the European population data; however, clinical testing populations may have different allele distributions
due to enrichments or depletions consistent with the nature of the genetic condition being evaluated.

Conclusion
The current framework for the evaluation of pharmacogenomic tests is based on the standards established for
molecular diagnostic tests. For most pharmacogenomic biomarkers, it is not always clear which factors should be
evaluated for sensitivity and specificity, as these could include enzyme activity, blood level of medication, metabolizer
status or other factors. For example, knowing whether a patient receiving paroxetine is a poor metabolizer of CYP2D6
might be very helpful, as blood levels of paroxetine are likely to be much higher for a poor metabolizer than an
extensive metabolizer [23,24]. While this can be important clinical information for physicians, it is inherently
difficult to calculate clinical sensitivity or specificity of this information. As such, attempting to evaluate the
pharmacogenomic tests using traditional dichotomous variables is disingenuous, yielding arbitrary, rigidly defined
outcomes that may diffuse the clinical impact of the test.

Interpretation of pharmacogenomic testing differs significantly from most molecular diagnostic testing, making
its evaluation unique and rendering the concept of analytic and clinical sensitivities and specificities complex. Clear
delineation of these differences is of utmost importance for laboratories, regulatory agencies, healthcare payers,
clinicians, basic scientists and most importantly patients who are all poised to benefit from a thoughtful assessment
of these concepts as it relates to the evaluation of pharmacogenomic testing.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at:
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Summary points

• Combinatorial pharmacogenomics tests have become increasingly utilized by healthcare professionals in the
treatment of neuropsychiatric conditions in order to determine an effective treatment plan.

• Combinatorial pharmacogenomic testing utilizes an individual’s genomic variation to guide medication selection
with the goal of decreasing adverse drug events and increasing efficacy.

• The analytical validity was established for a 12-gene combinatorial pharmacogenomic test that generates a
weighted combinatorial report to rank medications according to the severity of gene–drug interactions for an
individual.

• The range of genomic DNA concentrations that will produce reliable combinatorial pharmacogenomic test results
was 2.5–20 ng/μl.

• The precision of each gene component included in this pharmacogenomic test was ≥99%.

• Alleles determined using this pharmacogenomic test were evaluated relative to reference genotypes and showed
an overall concordance of 99.8%.

• Minor allele frequencies in an admixed North American population were similar to the minor allele frequencies
reported for a European population (1000 Genomes Project).

• The examined test possesses robust analytical validity across all genes and alleles tested, specifically
demonstrating high rates of accuracy, precision, repeatability and reproducibility across multiple platforms.
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