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Abstract

Background: The availability of pharmacogenomic (PGx) methods to determine the right drug and dosage for individualized
patient treatment has increased over the past decade. Adoption of the resulting PGx reportsin aclinical setting and monitoring
of clinical outcomesis a challenging and long-term commitment.

Objective: This study summarizes an extended PGx deep sequencing panel intended for medication dosing and prescription
guidance newly adopted in a pain management clinic. The primary outcome of this retrospective study reports the number of
cases and types of drugs covered, for which PGx data appears to have assisted in optimal drug prescription and dosing.

Methods: A PGx panel is described, encompassing 23 genes and 141 single-nucleotide polymorphisms or indels, combined
with PGx dosing guidance and drug-gene interaction (DGI) and drug-drug interaction (DDI) reporting to prevent adverse drug
reactions (ADRs). During a2-year period, patients (N=171) were monitored in a pain management clinic. Urine toxicol ogy, PGx
reports, and progress notes were studied retrospectively for changesin prescription regimens before and after the PGx report was
made available to the provider. An additional algorithm provided DGIs and DDIsto prevent ADRs.

Results: Among patient PGx reports with medication lists provided (n=146), 57.5% (n=84) showed one or more moderate and
5.5% (n=8) at least one serious PGx interaction. A total of 96 (65.8%) patients showed at least one moderate and 15.1% (n=22)
one or more serious DGIs or DDIs. A significant number of active changes in prescriptions based on the 102 PGx/DGI/DDI
report results provided was observed for 85 (83.3%) patients for which a specific drug was either discontinued or switched within
the defined drug classes of the report, or a new drug was added.

Conclusions. Preventative action was observed for all serious interactions, and only moderate interactions were tolerated for
the lack of other aternatives. This study demonstrates the application of an extended PGx panel combined with a customized
informational report to prevent ADRs and improve patient care.

(IMIRx Med 2022;3(2):€32902) doi: 10.2196/32902
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Introduction

Over the last decades, there has been considerable growth in
the use of pharmacogenomic (PGx) testing due to increased
awareness of patients developing moderate to serious adverse
drug reactions (ADRYs) attributed to individual genetic variation.
The US Food and Drug Administration (FDA) “Table of
Pharmacogenomic Biomarkersin Drug Labeling” contains 457
entries (status March 2021) relating to dosage and
administration, warnings, precautions, drug interactions, adverse
reactions, or clinical pharmacology [1]. For example, codeine,
a frequently prescribed opiate present in Tylenol #3
(acetaminophen with codeine), contains the boxed warning:

Death Related to Ultra-Rapid Metabolism of Codeine
to Morphine. Life-threatening respiratory depression
and death have occurred in children who received
codeine. Codeine is subject to variability in
metabolism based upon CYP2D6 genotype (described
below), which can lead to an increased exposure to
the active metabolite morphine. (...) For example,
many reported cases of death occurred in the
post-operative period following tonsillectomy and/or
adenoidectomy, and many of the children had
evidence of being ultra-rapid metabolizers of codeine.
(-..) Nursing Mothers: At least one death wasreported
in a nursing infant who was exposed to high levels of
mor phine in breast milk because the mother was an
ultra-rapid metabolizer of codeine. Breastfeeding is
not recommended during treatment with Codeine
Sulfate Tablets.

A survey involving clinicians from academic medical centers
showed 99% agreed that PGx variants would influence a
patients response to drug therapy and should be acted upon
when a clinically significant drug-genome interaction was
present (92%) [2]. Previous studies have shown that over 80%
of patients can carry at least one functional gene variant
influencing one of the 100 most prescribed medicationsin the
United States, and the rate of rehospitalization can be
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significantly reduced by
recommendations [3-7].

implementation of PGx test

Recommendations for actionable prescribing decisions are
routinely based on clearly defined, peer-reviewed guidelines
with different evidence level s (levels 1-4) issued by international
pharmacogenetic consortia and professional societies such as
the Clinical Pharmacogenetics Implementation Consortium
(CPIC) and maintained in high-quality public and expert-curated
databases, including PharmGKB [8-11]. Currently, most
laboratories conducting PGx testing use targeted genotyping
technologiesto screen for specific variantsto determine ADRs.
Examples of these technologies include single or multiplexed
polymerase chain reaction (PCR) assays combined with Tagman
hydrolysis probe chemistry, microarrays (ThermoFisher
Scientific), mass spectrometry (AgenaBiosciences), bead-based
molecular assays (Luminex), or next-generation sequencing
(NGS) assays (Illumina) [12-14]. In 2018, Fabbri et a [15]
described 38 commercially available PGx test panels offering
personalized medication prescription guidance in clinical
settings. The only genes included in all of these panels were
CYP2D6 and CYP2C19. Of the 38 panels, 31 (82%) included
8 genes or less [15]. PGx testing as described in this study
encompasses deep sequencing (>1000X) of 141
single-nucleotide polymorphisms (SNPs) or indels across 23
genesby NGS.

The aim of this study is to evaluate the overall use and to
describe how PGx report recommendations, including
genetic-based dosing guidance (PGx), drug-gene interaction
(DGI)—based guidance, and drug-drug interaction (DDI)—based
guidance, were applied to optimize drug dosing in a clinical
setting that had not previously relied on pharmacogenetic test
reports. Changes in prescription, patient compliance, and drug
use were monitored based on updated medication lists and data
in associated quantitative urine drug toxicology (UDT) reports,
with limited access to patient progress reports. UDT reports
were evaluated in a pain management setting before and after
application of PGx panelsto prevent ADR events (Figure 1).
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Figure 1. Overview of this study to determine the implementation of PGx report recommendations as compared to urine drug adherence reportsin a
pain management setting after application of a deep sequencing PGx panel. PGx: pharmacogenetic; UDT: urine drug toxicology.
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Methods Genes
A total of 23 genes were included in the described PGx panel
Overview at the time of design in April 2016 (ADRA2A, CESL, COMT,

This study was conducted in accordance with the Declaration
of Helsinki with written informed consent from each patient.
Patient data collection and summaries at Alcala Testing and
Anaysis Services (ATAS) were approved by the Alcala
Pharmaceutical Inc Institutional Review Board (IORG0010127,
IRB00012026, #R003). All test samples derived from human
patients were dei dentified of their health information as defined
by Heath Insurance Portability and Accountability Act
guidelines. Patient datafor comparison of urine drug adherence
testing before and after PGx reporting, with limited access to
patient progress notes, were obtained retrospectively from
patients (n=171) in a pain management clinic representing a
patient population from 2016 to 2018 within the western United
States. While no patient demographics data were available, the
Results section shows the genotype frequencies of the “San
Diego cohort” (SDC) of this study compared to 5 super
populations from the 1000 Genomes Database: African (AFR),
South Asian (SAS), Ad Mixed American (AMR), East Asian
(EAS), and European (EUR). Pearson correlation anaysis
(Multimedia Appendix 1) showed the “SDC" positively
correlatesto all allelefrequenciesin the 1000 Genomes Database

(ALL=0.76; P=1.019 x 107'%). SDC (n=171) closely correlates
to the AMR (0.77), EUR (0.78), and SAS (0.78) super
populations but is less representative of the EAS (0.54) and
AFR (0.55) population frequencies. Other available data
included deidentified pre- and post-PGx medication lists, PGX,
and urine drug adherence data (see sections PGx
Dosing/DGI/DDI Data Interpretation and Reporting, and Drug
Adherence Testing).
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CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4, CYP3A5,
DRD1, DRD2, F2, F5, GNB3, HTR1A, HTR2A, HTR2C,
MTHFR, OPRM1, S.C6A2, SCL6A4, S.CO1B1, and VKORC1)
to include the most up-to-date guidance covering 198 drugs
with a major emphasis on pain, psychiatry, and addiction
medicine as described in the section PGx Dosing/DGI/DDI Data
Interpretation and Reporting.

Selection of Target Regions

The online probe design was performed by entering target
regions into Design Studio software (I1lumina) [16]. Unique
reference SNP cluster ID (rsID) numbers were assigned per
target coordinate and region. A total of 79 target regions (defined
across start and stop coordinates, see Multimedia Appendix 2)
covering 141 SNPs or indels were covered by 82 amplicons
with an average amplicon size of 250 base pairs (bp) across 23
genes. Multiple target regions covering multiple rsiDs were
targeted across each gene (eg, 27 rsIDs within CYP2D6; see
Multimedia Appendix 2). Possible gaps in target coverages,
repeats, and GC-rich regions that could interfere with optimal
amplification of all desired regionswereidentifiedin 3iterations
(design 32844, 32865, and 98659) and optimized for TruSeq
Custom Amplicon Low Input (TSCA-LI) assay technology
(Homo sapiens [UCSC hg19]; variant source: 1000 Genomes).
Predicted coverage of the full region of interest was 100% with
all amplicons showing scores at 100%. Oligonucleotide probes
were synthesized and pooled at Illumina (San Diego, CA) into
a Custom Amplicon Tube.

JMIRx Med 2022 | vol. 3| iss. 2| 32902 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX Med

DNA Isolation and Genotyping

Genomic DNA (gDNA) was isolated from up to 4 buccal swab
specimens provided by the pain management clinic using
PureLink Genomic DNA Isolation (ThermoFisher Scientific,
Carlsbad, CA) and Agencourt DNAdvance Genomic DNA
I solation kits (Beckman Coulter, Indianapolis, IN). Quality and
concentration of gDNA were determined using Qubit 3.0
Fluorometric Quantitation (ThermoFisher Scientific). NGSwas
carried out on a MiSeq system (lllumina, San Diego, CA) with
2 x 150 bp paired-end reads using the TruSeq Custom Amplicon
v1.5 Targeted Resequencing workflow (I1lumina) for up to 24
samples per plate. HYB and EXT_LIG programs were as
described in the TSCA-LI protocol. Amplification was carried
out at 32 cycles (<96 amplicon plexity). After cleanup and
normalization by AM Pure X P magnetic beads, pooled libraries
were denatured at 98 °C for 2 minutes and cooled on ice for 5
minutes. Denatured PhiX control (12.5 pmol/L) was spiked into
the library pool at 1% and loaded onto an Illumina MiSeq
instrument at 7 pmol/L for automated cluster generation and
sequencing according to the manufacturer’s instructions. All
targets and 50 bp flanking regions were sequenced, the capture
region totaled approximately 20 kb.

Data Analysis

The TruSeq Amplicon workflow version 1.0.0.61 onthe MiSeq
instrument was used to perform primary analysisby Real Time
Analysis (RTA; version 1.18.54) during the sequencing run.
Base calls of indexed raw sequence reads and demultiplexing
were performed using bcl 2fastg. MiSeq Reporter version 2.6.2.3
performed secondary analysis on base calls and quality scores
generated on-instrument by the RTA software and evaluated
short regions of amplified DNA for variants. Clustersfrom each
sample were aligned against amplicon sequences from the
provided manifest file (Design 98659). The first read was
evaluated against the probe sequence for each amplicon in the
manifest, which is the reverse complement of the downstream
locus-specific oligo (DLSO). If the start of the read matches
(with at most 1 mismatch) a probe sequence, the read was
aligned against the target or targets for that probe sequence. If
no such match was found for the read, MiSeq Reporter checked
for any probe sequence that was matched with fewer than six
mismatches and attempted to align against these amplicons. For
paired-end data, the second read was handled similarly, except
that read 2 was compared to upstream locus-specific oligo
(UL SO) segquences. After the probe sequence (UL SO or DLSO)
was matched, adapter sequences were removed, and trimmed
reads were mapped to the human reference genome (GRCh37
hg19) using banded Smith-Waterman alignment generated in
the .bam file format. The maximum indel length isnormally 10
bp but was overridden using the sample sheet setting
CustomAmpliconAlignerMaxIndel Size set to 250 (higher values
improve indel sensitivity but impact workflow speed). Other
sample sheet settings included Indel RepeatFilterCutoff set to
1, MinimumCoverageDepth=1, VariantMinimumGQCutoff=1,
VariantFilterQualityCutoff=1, VariantCaller=GATK,
VariantAnnotation=MARS, and outputgenomevcf=TRUE.
Genome Analysis Toolkit (GATK, Broad Ingtitute) identifies
variants and writes .vcf and .gvcf output filesto the Alignment
folder. SNPs and short indels were identified using GATK for
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each sample, and false discovery rates for each variant were
evaluated using coverage (read depth), the Qscore (quality),
and the GQX value (a conservative measure of genotype quality
derived from the minimum of the GQ and QUAL values listed
inthe.vcf file). The Qscore predicts probability of an erroneous
base call (Q20 represents the probability to call an erroneous
base out of 100, reflecting an accuracy of the sequenced base
at 99%, Q30=99.9%, Q40=99.99%, etc). Coveragefor adefined
region isthe total number of reads passing quality filtersat this
position representing a given nucleotide. Only variants showing
Qscores and GQX vaues >30 and coverage >100X were
considered in this study. The average coverage per target
exceeded 2000X. Two positive gDNA controls (PC1 and Coriell
cell lineNA19920 gDNA) and one negative (RSL1 buffer) control
were sequenced per plate (up to 48 samples). All 167 mutation
sites covering 141 SNPs, 2 sex probes, and 1 indel (43-44 bp
insertion in the SLC6A4 promoter region—short [S] or long [L]
form—see Multimedia Appendix 2) within the 23 genes
identified by MiSeq Reporter were reviewed for each sample
in VariantStudio software (11lumina) assisted by the PASSfilter
function. Gender (SRY) probes were matched to the provided
gender in the sample requisition.

Copy Number Variation and Indel Assays

Copy number variations (CNV's) of CYP2D6 were identified
with two different PCRs for detection of CYP2D6* XN
duplication or CYP2D6*5 deletion events by long-range PCR
as previously described [17,18]. A total of 10 nanograms of
input gDNA was used with Takara LA Taq polymerase (Takara
Bio USA, San Diego, CA) carried out according to the
manufacturer’s instructions. The long-range PCR conditions
for duplication testing were as follows: initiation at 94 °C for
2 minutes, 27 cycles of 98 °C for 20 seconds, 61.4 °C for 20
seconds and 68 °C for 10 minutes, and termination at 72 °C for
10 minutes. PCR conditions for deletion tests were the same
except annealing was at 65 °C for 25 seconds and extension at
68 °C for 5 minuteswith 25 cyclesand termination at 72 °C for
6 minutes. Long-range PCR products were analyzed by 1%
agarose gel electrophoresis. The presence of a 10 kB fragment
(by primersCY_DUP 5and CY_DUP_3) indicated duplicated
or multicopy CYP2D6 alleles and a 3.5 kb product (by primers
CY_DEL_5 and CY_DEL_3) was indicative of the deletion
(CYP2D6*5 allele). Amplification of the Sand L variant of the
5-HTT gene-linked polymorphic region (5-HTTLPR) of SLC6A4
was accomplished with oligonucleotide 5-HTTF, corresponding
to nucleoctide positions —1346 to —1324 and 5-HTTR (positions
from —910 to —888) as previously described [19,20], except
amplification was performed in 25 I containing 10 ng of gDNA,
1.5 mM MgCl,, 200 uM dNTPs, 1X Colorless GoTag Flexi
buffer, 0.4 uM of each primer, and 1 U of Hot Start GoTag DNA
polymerase (Promega Biosciences, San Luis Obispo, CA). Initia
denaturation was performed at 98 °C for 3 minutes, followed
by 35 cycles at 94 °C for 1 minute, 64 °C for 30 seconds, and
72 °Cfor 2 minutes. PCR productswere resolved by 2% agarose
gel electrophoresis. A total of 458 and 415 bp fragments
indicated the L/S genotype for SLC6A4; single 415 bp bands
or 458 bp bands (no double band profile) indicated the S/S and
L/L genotypes, respectively. All primer sequences are listed in
Multimedia Appendix 3.
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PGx Dosing/DGI/DDI Data Interpretation and
Reporting

All samples and positive controls were imported as .gvcf files
into a customized portal through Trandational Software Inc
(TSI, Belevue, WA) [21]. Specifically, to accommodate
reporting based on 23 genes, 141 SNPsor indels, and associated
hapl otypes newly combined in thispanel (Multimedia A ppendix
2), TSI bioinformaticians collaborated with ATAS scientiststo
include the most up-to-date guidance across 2 evidence levels
for PGx dosing and DDIs (Figure 2). Recommendations from
six different international pharmacogenetic consortia,
professional societies, or regulatory bodies (CPIC, Dutch
Pharmacogenetics Working Group, FDA, European Medicines
Agency, Canadian Pharmacogenomics Network for Drug Safety,
and American College of Medical Geneticsand Genomics) were
incorporated in the reporting algorithm. Integrated
recommendations covered 13 drug categories and 198 drugs
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with a major emphasis on pain, psychiatry, and addiction
medicine drugs (Multimedia Appendix 4).

After portal entry of S .C6A4indel S/S, LallLa, La/Lg, or Lg/Lg
variants and CYP2D6 deletion or duplication, data transfer of
all variants and phenotype calls were reviewed for samples and
quality controls prior to medical report generation for each
patient. Trandational Software provides interpretations of
specific variantsfor “PGx DOSING” guidance (ie, based solely
on genetic metabolizer status categories: “Normal Metabolizer,”
“Poor Metabolizer,” “ Intermediate Metabolizer,” or “Ultra-rapid
Metabolizer”) and DGI or DDI warnings provided by a
third-party agreement with First Databank (FDB). Control
gDNA from NA18861, NA18868, NA19920, and NA19226
purchased from Coriell Cell Biorepositoriesand internal positive
controls were used for validation of the TSCA-LI workflow
with design 98659, CNV/indel assay validations, and for the
evaluation of the data interpretation software by TSI.
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Figure 2. Example of pharmacogenetic (PGx) report results showing PGx dosing guidance (ie, based solely on genetic metabolizer status categories:
“Normal Metabolizer,” “Poor Metabolizer,” “Intermediate Metabolizer,” and “Ultra-rapid Metabolizer”), as well as drug-gene interactions (DGls) and
drug-drug interactions (DDls). Evidence level 1 descriptions were actionable with established evidence-based clinical guidelinesissued by international
PGx consortia, professional societies, or regulatory bodies (Clinical Pharmacogenetics Implementation Consortium, Dutch Pharmacogenetics Working
Group, Food and Drug Administration, European Medicines Agency, Canadian Pharmacogenomics Network for Drug Safety, American College of
Medical Genetics and Genomics). Evidence level 2 descriptions were informative, requiring further investigations. PGx dosing guidance, DGls, and
DDlIswere further marked as either yellow (moderate) or red (serious) interactions (also see Multimedia Appendix 4).

Current Patient Medications
Paxil, Doxepin, Diazepam, Voltaren, Oxycodone, Abilify, Pravachol, Fluvoxamine, Ondansetron

Pharmacogenetic Interactions

&§® Doxepin | SILENOR EVIDENCE LEVEL 1 -
Increased Sensitivity to Doxepin (CYP2 r Metabolizer)
Consider an alternative drug or reduce doxepin starting dose by 50%. Adjust maintenance dose according to nordoxepin plasma
concentrations.

§ EVIDENCE LEVEL 2-
; i ra-Rapid Metabolizer)

Consider an alternative drug, or consider prescribing doxepin at standard dose and monitor the plasma concentrations of doxepin
and desmethyl-doxepin to guide dose adjustments.

§ @ Paxil | PAROXETINE EVIDENCE LEVEL 2-
Increased Sensitivity to Paroxetine (CYP2D6: Poor Metabolizer)

At standard label-recommended dosage, paroxetine levels are expected to be high, and adverse events may occur. Consider an
alternative medication. If paroxetine is warranted, consider a 50% decrease of the initial dose and titrate based on the clinical
response and tolerability. Some studies show that compared to normal metabolizers, poor metabolizers may experience more
sexual dysfunction.

§ & Oxstcodone | PERCOCET, OXYCONTIN ) EVIDENCE LEVEL 1
Possible Altered Response to Oxycodone (CYP2D6: Poor Metabolizer)

Decreased conversion of oxycodone to the more active metabolite oxymorphone is expected in CYP2D6 poor metabolizers.

However, there is insufficient evidence whether poor metabolizers have decreased analgesia when taking oxycodone. Adequate

pain relief can be achieved by increasing the dose in response to pain symptoms. Other opioids not metabolized by CYP2D6 may

also be considered (i.e. morphine, oxymorphone, buprenorphine, fentanyl, methadone, and hydromorphone).

§ [\ Voltaren | DICLOFENAC _ EVIDENCE LEVEL 2
Possible Sensitivity to Diclofenac (CYP2C9: Poor Metabolizer)

Diclofenac is extensively metabolized by hydroxylation and direct glucuronidation. About 50% of diclofenac is eliminated as a 4-

hydroxymetabolite, a reaction mediated by CYP2C9. Other CYP enzymes including CYP2C8, CYP2C19 and CYP3A4 are also involved

in the formation of a 5-hydroxymetabolite. A substantial portion of the drug is also directly glucuronidated by UGT2B7 and

UGT2B4. Individuals with decreased CYP2C9 activity (i.e poor metabolizers) should be closely monitored for increased

gastrointestinal adverse events when prescribed diclofenac and lower doses may be more appropriate for these patients.

Drug-Drug and Drug-Gene Interactions
10 -

Benzodiazepines that do not undergo extensive Phase | metabolism (lorazepam, oxazepam) may be an alternative in patients
receiving fluvoxamine The US manufacturer of fluvoxamine recommends that fluvoxamine and diazepam not be concurrentky
administered.f fluvoxamine is concurrently ad ministered with alprazolam, the manufacturer of fluvoxamine recommends that the
initial dose of alprazolam be reduced by 50%, followed by titration to the lowest effective dose If fluvoxamine is started in 2 patient
already receiving a benzodiazepine, monitor closely and anticipate the need to reduce the benzodiazepine dose Counsel patient to
report excess drowsiness, confusion, memory problems including sleep-driving behaviors, or loss of coordination.

@ A\ Abilify & Paxil MODERATE

The US manufacturer of oral aripiprazole states that the dose of aripiprazole should be reduced to one-half of its nermal dose when
strong CYP2D6 inhibitors such as bupropion, fluoxetine, paroxetine and quinidine are coadministered, unless aripiprazole is being
used as adjunctive therapy for Major Depressive Disorder. If the patient is also receiving 2 strong CYP3A4 inhibitor, the dose of
aripiprazele should be reduced to one-fourth its nomal dose. When the inhibitor(s) is{are) dizcontinued, the dose of aripiprazole
should be increased.The US manufacturer of aripiprazole extended-release injection recommends the following dose adjustments
for patients who receive a strong CYP2D46 inhibitor for greater than 14 days:- if the aripiprazole dose is 400 mg per month and a
strong CY2ZDE inhibitor is started, then decrease aripiprazole dose to 300 mg per month.- if the aripiprazole dose is 400 mg per
month and patient receives concomitant treatment with a strong CYP3A4 inhibitor AND a strong CYPZD6 inhibitor, then decrease
dose to 200 mg per month. Patients who are CYP2D6 poor metabolizers and receive treatment with a strong CYP3A inhibitor should
akzo receive 200 mg per month.- if the routine aripiprazole dose is 300 mg per month and a strong CYP2D6 inhibitor iz started, then
decrease aripiprazole dose to 200 mg per month- If the routing aripiprazole dese is 300 mg per manth and patient receives
concomitant treatment with a strong CYP3A4 inhibitor AND a strong CYP2D6 inhibitor, then decrease dose to 160 mg per month.

. Urine toxicology reports reviewed by clinical laboratory
Drug Adherence Testing . _ scientists with ASCENT review software (IndigoBio
All PGx reports were compared to urine toxicology reports — Automation) [22] were made available by routineHPLC-MS/MS
generated before or after clinicians received the PGX report.
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presumptive and confirmatory urine drug testing at ATAS from
2016 to 2018 [23].

Results

Analytical sensitivity (call rate) was determined at >97.1% by
positive agreement of al 141 variants including sex
determination through 2 SRY probesand CNV /indels. Genomic
DNA ranging from 0.64 to 26 ng/pL (5-195 ng input gDNA)
was sequenced acrossthree validation plate runswith 68 positive
control samples showing unambiguous genotypes. Buccal swabs
werestored for upto 14 daysat 4 °C prior to gDNA preparation;
oDNA storage stability at 4 °C was confirmed for up to 6 days
and up to 6.5 months for storage at —20 °C with up to 10
freeze/thaw cycles to yield high quality (>99.3%) genotyping
results Multimedia Appendix 5.

All alleles covered per gene target or targets and resulting
phenotypes were routinely described in the test details section

Tagwerker et d

in each PGx report (Table 1) following the results for PGx
dosing and DGI or DDI (Figure 2). Of the 171 patients studied,
drug adherence data was not available for 69 patients for which
PGx report data was summarized. PGx report implementation
could only be studied on the remaining 102 patients. A total of
26 PGx reports showed no medication list provided by theclinic,
8 of which medication lists were made avail able and added onto
the PGx report retroactively. Medication lists provided showed
that patients were prescribed an average of 5 different
medications (ranging from 0 to 25 medications), resulting on
average in 1 moderate pharmacogenetic guidance and 3
moderate DDI observations per patient. Among patient PGx
reports with medication lists provided (n=146), 57.5% (n=84)
showed one or more moderate and 5.5% (n=8) at least one
serious PGx (ie, purely gene-based) interaction. A total of 96
(66%) patients showed at least one moderate and 15% (n=22)
one or more serious DGIs or DDIs (Figure 3 and Multimedia
Appendix 6).

Table1l. Example of pharmacogenetic report test detail summaries and alleles covered.

Gene Genotype Phenotype Alleles tested

CYP2C9 *U*1 Normal metabolizer *2,%3,%4,*5,%6,*7,*8,*11, *14, *27

CYP2C19 *2/*17 Intermediate metabolizer *2,%25,%3,%4,*4B,*5,%6,*7,*8,*9,*10, *12, * 14, * 15,
*17

CYP2D6 *1/*2 Normal metabolizer *2,*3,*31, *33,*4, *4M, *46, *49, *53, *6, *7, *8, *9,
*10, *11, *12, *14A, *14B, *15, *17, *29, * 35, * 38, *41,
*44, *5 (gene deletion), XN (gene duplication)

CYP3A5 *3/*3 Poor metabolizer *1D,*2,*3,*3B, *3C, *4,*6,*7,*8,*9

CYP3A4 *1/*1 Normal metabolizer *2,*%4,*5,*%8,*11,*12,*13, *16A, *16B, *17, *18A,
*18B, *20, *22

VKORC1 -1639G>A A/A High warfarin sensitivity -1639G>A, 1542G>C, 5808T>G, 1173C>T, rs11540137,
rs13337470, 698C>T, 2255C>T, 3730G>A

CYP1A2 *1F*1F Normal metabolizer—higher inducibility *1C, *1D, *1E, *1F, *1J, *1K, *1L, *1V, *1W, *7

S.CO1B1 521T>CT/C Decreased function 388A>G, 521T>C, 467A>G, -11187G>A, 1865+248G>A

COMT Val158Met A/G Intermediate COMT activity Val158Met

OPRM1 A118G A/A Normal OPRM1 function A118G

HTR2C -759C>T C/IT Heterozygous for the C allele (rs3813929) -759C>T, 2565G>C

S.C6A4 SlLa Decreased serotonin transporter expression La S Lg

ADRA2A C-1291G C/C Homozygous for C alele C-1291G

S.C6A4 463T>G A/A Homozygousfor A dlele La S Lg

HTR2A rs7997012 G/G Homozygous for G allele (rs7997012) 102C>T, -1483G>A, rs7997012

HTR2C 2565G>C C/C Homozygous for C allele (rs1414334) -759C>T, 2565G>C

HTR2A -1438G>A, TIT Homozygous for T alele (rs6311) 102C>T, -1483G>A, rs7997012

DRD2 -241A>G, T/C Heterozygous for rs1799978 C dlele -241A>G, rs2283265, 939T>C, 957C>T

DRD2 rs2283265 C/C Homozygous for rs2283265 C allele -241A>G, rs2283265, 939T>C, 957C>T

MTHFR 1298A>C AA No increased risk of hyperhomocysteinemia 677C>T, 1298A>C, 1305C>T

677C>T CC

MTHFR 677C>T CC Norma MTHFR activity 677C>T, 1298A>C, 1305C>T

Factor 11 20210G>A GG No increased risk of thrombosis 20210G>A, 1691G>A

Factor V 1691G>A GG

Leiden
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Figure 3. Percent PGx dosing guidance, DGIs, and DDIs observed for patients with medication lists provided (n=146) sorted by the expected normal
response to a drug based on PGx metabolizer status or no interaction observed for DGIS/DDIs. Green: no action required; yellow (moderate) or red
(serious) interactions prompt actionable PGx or DGI/DDI recommendations. Specific drug names and the associated genotype for PGx dosing or
frequency for DGIS/DDIs are shown for serious cases. DDI: drug-drug interaction; DGI: drug-gene interaction; PGX: pharmacogenetic.

‘ Percent PGx guidances observed for patients with medication lists provided (n = 146):

Amitriptyline, ELAVIL: Decreased Exposure (CYP2C19: Rapid Metabolizer)

57.5

Amitriptyline, ELAVIL: Decreased Exposure (CYP2C19: Ultra-Rapid Metabolizer)

Amitriptyline, ELAVIL: Increased Exposure (CYP2C19: Poor Metabolizer)

Citalopram, CELEXA: Insufficient Response (CYP2C19: Rapid Metabolizer)

55 Clopidogrel, PLAVIX: Reduced Respanse (CYP2C19: Intermediate Metabolizer)

Metoprolol, LOPRESSOR: Significantly Increased Sensitivity (CYP2D6: Poor Metabolizer)

Paroxetine, PAXIL: Reduced Response (CYP2D6: Ultra-Rapid Metabolizer)

Simvastatin, ZOCOR: High Myopathy Risk (SLCO1B1: Poor Function)

Tramadol, ULTRAM: Non-Response (CYP2D6: Poor Metabolizer)

= GREEN (NO ACTION NEEDED)
YELLOW (MODERATE)
= RED (SERIOUS)

37.0

|Acetaminophen / Butalbital / Caffeine (Ficricet)
lAlbuterol (ProAir/Ventolin)

lAmlodipine (Norvasc)

{Amphetamine (Adderall)

Calcium Carbonate

Clonidine (Catapres)

Cyclobenzaprine (Flexeril)

Disopyramide [Norpace)

Percent DGIs/DDIs observed for patients with medication lists provided (n = 146):

Epinephrine (EpiPen, Adyphren)
Erythromycin (EryPed)

Esomeprazole (Vimaova)
Famotidine/Ibuprofen (Duexis)

Generic (Brand name) Frequency Fluoxetine (Prozac)
Citalopram (Celexa) [3 Ketoconazole lNi.zuralJ
15.1 Methadone (Methadose) 4 ;etorolac el
etoprolol (Lopressor)
Trazodone (Desyrel) 4 Minocycline (Minocin)
Estradiol (Estrace) 3 'Omeprazole (Prilosec)
Fluconazole (Diflucan) 3 Paroxetine (Paxil)
Amitriptyline (Elavil) 2 Prochlorperazine (Compazine)
66.4 Apixaban (Eliquis) 2 Promethazine (Phenergan)
Aspirin (Bayer Plus, Excedrin) 2 Quet‘lapil'l":‘ (59?0)'1“')
Digoxin (Lanoxin 2 rﬁi‘mﬂa"if onvir]
Esfitalop(oram (Lelapm] 2 imvestatin(Zocor)
S Sulfamethoxazale/Trimethoprim (Bactrim)
18.5 Fentanyl (Duragesic) 2 Tizanidine aflex)
Metoclopramide (Reglan) 2 Topi (Topamax)
Oxycodone (Percocet) 2 o el Eeeon
Potassium (Klor Con) 2 Tramadol (Ultram)
Spironolactene (Aldactone) 2 lafaxine (Effexor)

NG EEE R R

Phenotypes and associated genotypes are summarized in Table
2 with an overview of population frequencies compared to the
SDC. Asshownin Figure 3, 5.5% (n=8) of 146 patients showed
serious ADRs based on changes in either CYP2C19 (poor,
intermediate to rapid metabolizers) or CYP2D6 (poor or
ultracrapid metabolizers) and one SLCO1B1 reduced function
genotype. CYP2C19 genotype frequencies for 3 metabolizer
types causing serious ADRs were spread across all 5 super
populations ranging from 0.9% to 47.4% frequency (Table 2,
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CYP2C19 section). CYP2D6 genotype frequencies for
intermediate to ultrarapid metabolizers ranged from 1.2% to
57.1% frequency and SLCO1B1 poor function genotypes from
1.8%to 37% (Table 2, CYP2D6 and SLCO1B1 section). While
SAS population frequencies for CYP2C19 ultrarapid
metabolizers and CYP2D6 poor metabolizers are determined
as nonexistent in the 1000 Genome Database data, more recent
studies show frequencies of 0.24% [24] and 0.84% [25],
indicating possible occurrence within the SAS super population.

IMIRx Med 2022 | vol. 3 |iss. 2| €32902 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX Med Tagwerker et d

Table2. Observed phenotypes and associated genotypes with an overview of population frequencies compared to this study (N=171).

Gene Phenotype/functional status  Defining variant Genotype(s) Genotype frequencies?
Super population frequency (1000 Genomes This
Project; %) study
(%)
Al AR AMR® BUR' EAS® sAS P
Adrenoceptor alpha 2A
ADRA2A  Homozygousfor Galele  Ancestra: G G/G 333 519 133 64 476 356 159
ADRA2A  HeterozygousfortheGal-  rs1800544 (C-1291G) GIC 42 39 45 396 44 444 30.7
lele
ADRA2A  Homozygousfor Callele  rs1800544 (C-1291G) CiIC 246 91 418 541 83 20 53.4
Catechol-O-methyltransferase
COMT High/normal COMT activity Ancestral: G GIG 413 526 369 264 524 329 216
COMT Intermediate COMT activity rs4680 (1947 G>A, G/IA 436 386 507 471 393 46 65.1
Val158Met)
COMT Low COMT activity rs4680 (1947 G>A, A/A 151 88 124 264 83 211 134
Val158Met)
Cytochrome P450 family 1 subfamily A member 2
CYP1A2 Normal metabolizer: possi- Ancestral: Cor G *1A*1A (C/C 152 198 75 109 115 227 237
ble inducibility or G/G),
*1A/* 1V,
*1A/*1W
CYP1A2 Normal metabolizer: higher rs762551 (-163)C>A *1A/*1F(C/A), 848 802 925 891 885 773 742
inducibility *1F/*1F (A/IA)
CYP1A2 Poor metabolizer: lower in-  rs2069514 (-3860G > A) *1A/*1C(G/A) 289 445 389 4 403 147 10
ducibility
CYP1A2 Unknown phenotype Multipleh *1L/*1L, Nn/aAl NA N/A N/A- NA NA 10
*1L/*1W
Cytochrome P450 family 2 subfamily C member 19
CYP2C19  Normal metabolizer Ancestral: Gor C *1U*1(G/Gor 337 275 576 318 421 188 295
CIC)
CYP2C19  Intermediate metabolizer rs4244285 (19154G>A) *1/*2 (GIA) 328 271 193 266 474 413 344
CYP2C19  Poor metabolizer rs4244285 (19154G>A) *2/*2 (AIA) 58 35 09 12 75 151 156
CYP2C19  Rapid metabolizer rs12248560 (-806C>T) *1/*17 (CIT) 247 368 205 36 3 223 205
CYP2C19  Ultrarapid metabolizer rs12248560 (-806C>T) *17+17(TIT) 3 51 17 44 0 25 12
Cytochrome P450 family 2 subfamily C member 9
CYP2C9 Normal metabolizer Ancestral: G or A *1/*1 905 995 925 857 935 787 770
CYP2C9 Intermedi ate metabolizer rs1057910 (A/C) *1/*3 (AIC) 93 05 75 141 63 207 197
CYP2C9 Poor metabolizer rs1057910 (C/C) *3/*3 (CIC) 02 O 0 02 02 06 33
Cytochrome P450 family 2 subfamily D member 6
CYP2D6  Normal metabolizer Ancestral: multiple *1*1,* 12, 715 828 823 880 415 796 897
*]_/*4'*1/*5
CYP2D6  Intermediate metabolizer *10 - rs1065852 (100C>T)  *5/*10, 238 113 148 5 571 165 41
*10/* 15,
*A/*17,*4/* 29,
*4/*41
CYP2D6  Poor metabolizer *4 - rs3892097 (1846G>A) *4/*4,*4/*5 21 12 29 46 0 25 37
(A/A)
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Gene Phenotype/functional status Defining variant Genotype(s) Genotype frequencies?
Super population frequency (1000 Genomes This
Project; %) study
(%)

Al AR AMR® BUR' EAS sad od

CYP2D6  jtrarapid metabolized XN (Duplication, XN Exon *1/*2 XN, 264 466 N/A 237 137 137 25
9) *U*4XN,
*1/*35 XN

Cytochrome P450 family 3 subfamily A member 4
CYP3A4  Normal metabolizer Ancestral: G *1/*1 (G/G) 97 998 948 903 100 988 67.6
CYP3A4 Intermediate metabolizer rs35599367 (intron 6 C>T)  *1/*22 (G/A) 3 02 52 97 O 12 284
Cytochrome P450 family 3 subfamily A member 5

CYP3A5 Normal metabolizer Ancestral: T *U*1 (TIT) 227 676 58 04 79 121 53
CYP3A5 Intermedi ate metabolizer rs776746 (6986A>G) *1/*3(T/C) 303 287 291 105 415 423 458
CYP3A5 Poor metabolizer rs776746 (6986A>G) *3/*3 (CIC) 47 36 651 89.1 506 456 542

Dopaminereceptor D2

DRD2 Homozygousforrs1799978 Ancestral: C C/IC 22 41 03 06 1 08 13
Calee
DRD2 Heterozygousfor rs1799978 rs1799978 (-241A>G) T/C 195 265 147 107 28 137 123
Calee
DRD2 Homozygousfor rs1799978 rs1799978 (-241A>G) T/IT 784 694 85 887 683 855 864
T alele
DRD2 Homozygousfor rs2283265 Ancestral: C C/IC 62 85 55.9 736 343 519 416
Calee
DRD2 Heterozygousfor rs2283265 rs2283265 (724-353G>T)  CIA 306 138 352 233 484 391 324
Adlele
DRD2 Homozygousfor rs2283265 rs2283265 (724-353G>T)  A/A 74 12 89 32 173 9 26.1
Adlele
5-hydroxytryptamine receptor 2A (Serotonin 2A receptor gene)
HTR2A Homozygousfor Galele  Ancestra: G GIG 562 971 418 332 567 342 72
(rs7997012)
HTR2A Heterozygousfor the A al-  rs7997012 (614-2211T>C) A/G 331 29 461 477 349 476 308
lele (rs7997012)
HTR2A HomozygousfortheA alele rs7997012 (614-2211T>C) A/A 107 O 121 191 83 182 620
(rs7997012)
HTR2A HomozygousfortheCallele Ancestral: C C/IC 324 36 401 33 183 36 252
(rs6311)
HTR2A Heterozygousfor the T Al-  rs6311 (-1438G>A) ciT 465 46.1 476 465 458 47 63.8
lele (rs6311)
HTR2A Homozygousfor the T alele rs6311 (-1438G>A) T/IT 211 179 124 205 359 17 11.0
(rs6311)
5-Hydroxytryptaminereceptor 2C (serotonin 2C receptor gene)
HTR2C HomozygousfortheCallele Ancestral: C C/IC 35 15.7 412 39 50.2 403 525
(rs1414334)
HTR2C Heterozygousfor theCa-  rs1414334 (2565G>C or GIC 519 494 534 513 492 544 419
lele (rs1414334) 114138144C>G)
HTR2C Homozygousfor theGallele rs1414334 (2565G>C or G/G 131 349 54 97 06 53 55
(rs1414334) 114138144C>G)
HTR2C HomozygousfortheCallele Ancestral: C C/IC 881 982 821 855 855 781 855
(rs3813929)
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Gene Phenotype/functional status Defining variant Genotype(s) Genotype frequencies?
Super population frequency (1000 Genomes This
Project; %) study
(%)

Al AR AMR® BUR' EAS sad od

HTR2C Heterozygousfor theC al-  rs3813929 (-759C>T) T/IC 107 18 179 135 135 176 128
lele (rs3813929)

HTR2C Homozygousforthe T allele  rs3813929 (-759C>T) TIT 12 0 0 1 1 43 17
(rs3813929)

Opioid receptor mu 1

OPRM1 Normal OPRM1 function ~ Ancestral: A AIA 625 982 64.6 702 36.7 313 530

OPRM1 Altered OPRM1 function  rs1799971 (A118G) AIG 304 18 308 272 48 538 470

OPRM1 Altered OPRM1 function rs1799971 (A118G) GIG 71 0 4.6 2.6 153 149 00

Solute carrier family 6 member 4

S.C6A4 Homozygousfor Calele  Ancestral: C C/IC 287 38 305 179 684 31 16.3

S . C6A4 HeterozygousfortheCal-  rs1042173 (463T>G C/A) C/A 397 295 473 517 276 483 64.8
lele

S.C6A4 Homozygousfor A allele  rs1042173 (463T>G C/A)  A/A 316 66.7 222 304 4 20.7 189

S.C6A4 Normal serotonintransporter 5-HTTLPR (L/S) and LalLa(L'L' N/A 27 22 25 8 8 24.7
expression rs25531 (A/G) grouph)

S.C6A4 Decreased serotonintranss  5-HTTLPR (L/S) and LalLg, La/S N/A 49 51 50 30 30 438
porter expression rs25531 (A/G) L's groupk)

S.C6A4 Low serotonin transporter ~ 5-HTTLPR (L/S) and Lg/Lg, Lg/S, N/A 24 27 25 62 62 315
expression rs25531 (A/G) SS(SS

group®)
Solute carrier organic anion transporter family member 1B1

S.CO1B1  Normal function Ancestral: T T/IT 435 729 274 151 571 303 816

S.CO1B1  Decreased function rs4149057 (521T>C) T/C 395 253 444 483 371 489 168

S.CO1B1  Poor function rs4149057 (521T>C) CIC 17 18 282 366 58 208 16

Vitamin K epoxide reductase complex subunit 1

VKORC1  Low warfarin sensitivity Ancestral: G G/G 509 895 352 382 18 734 498

VKORC1  Intermediatewarfarin sensi-  rs9923231 (-1639G>A) G/IA 271 10 476 461 194 241 397
tivity

VKORC1  High warfarin sensitivity rs9923231 (-1639G>A) AlA 22 5 172 157 788 25 105

#The frequencies for this table were referenced from the 1000 Genomes Database Ensembl [26]. Further information is available at the Human CYP
Allele Nomenclature Database [27]. Populations have been divided into 5 super populations (AFR, SAS, AMR, EAS, and EUR) and this study (SDC).

BAFR: African.

CAMR: Ad Mixed American.

dEUR: European.

®EAS: East Asian.

fsas: south Asian.

9SDC: San Diego cohort.

NSee Soyamacet d [28].

IN/A: not applicable.

IBased on Beoriset a [29].

I‘Group definition as per Pascale et a [20]. Population frequencies for SLC6A4 5-HTTLPR (L/S), rs25331 (A/G) derived from Haberstick et al [30].

Medications affecting patients most severely based on their  increased exposurefor 1 CYP2C19 poor metabolizer, citalopram
individual genotype in this cohort were amitriptyline for (insufficient response, CYP2C19 rapid metabolizer), clopidogrel
decreased exposure among 2 CYP2C19 rapid metabolizersand  (reduced response, CYP2C19 intermediate metabolizer),
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metoprolol with significantly increased sensitivity for aCYP2D6
poor metabolizer, paroxetine (reduced response in CYP2D6
ultra-rapid metabolizer), simvastatin (poor function of . CO1B1
inducing high myopathy risk), and tramadol (CYP2D6 poor
metabolizer with risk for no response). Thetop 15 medications
affecting patientsbased on aDGI or DDI wereidentified (Figure
3). The most frequently occurring moderate DDI involved
opioids observed in combination with central nervous system
depressants such as muscle relaxants, benzodiazepines, sleep
drugs, or the nerve pain medications gabapentin and pregabalin
(Multimedia Appendix 6).

Prescription regimens were determined for 102 patients based
on drug adherence report data before and after the PGx report
was made avail able. Remaining patients either showed no drug
adherence data or limited drug adherence data before the PGx
report but no further information afterward. An active change
in prescriptions based on the PGx report was observed for 85
(83%) patientsfor which aspecific drug was either discontinued
or switched within the defined drug classes of the report, or a
new drug added. A total of 17 (17%) patient reports showed no
predictive evidence of ADRs even when prescribed up to 11
medications (on average 2.5 medications per patient).
Appropriately, no action was taken by the provider in these
cases to deviate from the original prescription regimen. All
adjustments made to patient prescriptions were studied for
potential contraindications or possible new ADRs based on the
PGx report.

Of the 85 patients whose medication lists were adjusted, only
3 showed that recommendations in the PGx report were not
being followed for unknown reasons. “Patient A” was shown
to be administered 5 medications (Keflex, Pennsaid, Skelaxin,
MS Contin, and Lidocaine CV). PGx reporting indicated a
normal PGx response and one moderate DDI to MS Contin
(morphine) and Skelaxin (metaxalone), and a moderate PGx
interaction for Pennsaid (diclofenac). Cessation of Skelaxin and
Pennsaid removed all moderate ADRS, however, the addition
of Percocet (oxycodone and acetaminophen) was not
recommended:

Oxycodone - CYP2D6 Poor Metabolizer. Test results
indicate a possible increased risk of therapeutic
failure. Monitor for decreased response or may select
alter native medication.

The decreased response was dleviated with morphine
prescriptions, for which there were no contraindications.
Progress notes showed patient A:

has tried to use topical patches but experienced a
localized reaction to the adhesive on the patch. Oral
pain medication of MSContin and Percocet is hel pful.
Patient A notes that some days Patient A does not
require the max dose of the Percocet.

Coreg (carvedilol) was added to the prescription regimen
causing a moderate PGx warning:

CYP2D6 Poor Metabolizer: Test results indicate an
increased risk of dizziness during up-titration.
Consider standard prescribing and monitoring
practices with careful dose titration.

https://med.jmirx.org/2022/2/€32902
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The addition of Silenor (doxepin) was also contraindicated by
the PGXx report:

CYP2D6 Poor Metabolizer: Test results indicate an
increased risk of adverse effects. Consider an
alternative medication or a 50% dose reduction with
therapeutic drug monitoring.

In this case the prescribed doxepin dosage was minimal (10
mg/day) according to progress notes. For the treatment of major
depression or anxiety, adult oral dosagesareinitially 75 mg per
day. The addition of Wellbutrin (bupropion), Soma
(carisoprodol), Topamax (topiramate), and Prilosec (omeprazole)
showed no contraindication except a moderate DDI between
carisoprodol and morphine. The dose reduction for doxepin and
the remaining moderate interaction for carvedilol were
acceptable, as carvedilol was discontinued and the appropriate
monitoring practices were carried out for patient A.

Similarly, for “Patient B,” 7 medications were listed, which
showed a switch from codeine to morphine although no
warnings against codeine were indicated (patient CYP2D6
normal metabolizer status). Instead, a switch to morphine
warned:

The patient does not carry the COMT Val158Met
variant. The patient may require higher doses of
mor phine for adequate pain control

Additionally, quetiapine and citalopram could cause a serious
DDI (“concurrent use with agents known to prolong the QT
interval should be avoided”), and the combinations of opioids
with gabapentin prompted to “monitor patients for
gabapentinoid-related side effects” Further investigation into
progress notesfor patient B showed a suspected allergy or ADR
to hydrocodone and oxycodone resulting in “nausea,” possibly
explaining the emphasis on morphine and the patient avoiding
exposure to other opioids such as codeine, hydrocodone, or
oxycodone. An increase in morphine 15 mg immediate release
formulation tablets (M Sir) wasinitiated from 3 to 4 timesdaily,
eventually 15 mg MSir 3 times per day with an additional 15
mg M S Contin (extended release) 2 times per day. Patient B:

has tried and failed following medications:
anti-inflammatory  meds,  hydrocodone  and
oxycodone/oxycontin in the past. Patient reports the
medication initiated last office visit has provided
better relief in pain, notes oral pain medications in
form of MSIR and MS Contin are effective and
decreases |ow back pain by no lessthan a 60% relief
in pain, pain level today is 6/10. Upon questioning
patient denies adverse reactions such as
euphoria/dysphoria

Monthly reviews of the patient’s condition show:

Deniestrouble breathing, shortness of breath, asthma,
sleep apnea, seizures, blackouts, trouble with memory,
headache, fainting spells, numbness, weakness and
tremors.

Patient C was maintained on 10 of 11 initial medications with
the appropriate removal of Plavix (clopidogrel) after 2 serious
PGx warnings:
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Reduced Response to Clopidogrel (CYP2C19:
Intermediate Metabolizer) Consider alternative
therapy
High Myopathy Risk (SLCO1B1: Poor Function).
Smvastatin plasma concentrations are expected to
be elevated. Consider avoiding simvastatin and
prescribe an alternative statin, or consider
prescribing simvastatin at a lower starting dose (20
mg/day). Routine creatine kinase (CK) monitoring is
also advised. The FDA recommends against the 80
mg daily dose.

An additional serious DDI for Zocor (simvastatin) and Norvasc

(amlodipine) warned:

do not exceed a dosage of 20 mg daily of simvastatin
in patients receiving concurrent therapy with
amlodipine. If concurrent therapy isdeemed medically
necessary, monitor patients for signs and symptoms
of myopathy/rhabdomyolysis, including muscle
pain/tender ness/weakness, fever, unusual tiredness,
changes in the amount of urine and/or discolored
urine.

After PGx reporting, clopidogrel was no longer observed in
medication listsfor drug adherence reports, but simvastatin was
continued with amlodipine, and 9 moderate DDIs remained,
cautioning to “limit the dosages and duration of each drug to
the minimum possible while achieving the desired clinical
effect.” The only alternative statin without adverse interactions
recommended was fluvastatin. Progress notes for patient C
showed simvastatin was prescribed less than 80 mg per day as
recommended by the FDA in the PGx report at 40 mg per day.
Patient C “denies muscle cramp, muscle twitches, muscle
wasting, muscle weakness, neck pain, joint swelling. Denies
fever, fatigue”; however, patient C eventually reported “muscle
pain or tenderness’ in the latter part of the 2-year treatment
window. Monthly urinalysis screens and blood testing showed
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no discoloration in urine or abnormal glomerular filtration rates,
but the reported muscle pain/tenderness and the combination
of reduced SLCO1B1 gene function with concurrent daily 40
mg simvastatin and 5 mg amlodipine possibly indicated a
statin-induced myopathy [31].

Discussion

Serious ADRs can occur based on incidences of poor,
intermediate, rapid, and ultra-rapid metabolizer typesin al 5
super populations for prescriptions such as amitriptyline,
citalopram or clopidogrel, metoprolol, paroxetine, simvastatin,
and tramadol. While PGx cannot predict all ADRs(eg, alergies
cannot be detected), dosing guidance and the additional DGI
and DDI agorithm provided valuable insight to optimize
prescription regimens. Limitations within this retrospective
study include the lack of detailed patient demographics
associated with UDT and PGx reports, and limited access to
progress notes and long-term treatment outcomes. Rather than
resorting to 1000 Genome Database population frequencies to
characterize the SDC, specific demographics and additional
case studies asthe three previoudly presented would allow more
comprehensive insights as to the combinatorial effect of
prescription drugs among polypharmacy pain management
patients.

In summary, the effect of PGx reports newly made available to
medical staff in thiscontext seems quite significant as observed
by the individual PGx dosing/metabolizer status and DGI and
DDI recommendations showing a corresponding modification
of the medication regimen for each patient. Preventative action
was observed for all serious interactions, and only moderate
interactions weretol erated where there may not have been other
alternatives. This study demonstrates the predictive value of
PGx testing combined with a customized informational report
to helpimproveclinical outcomes, which resulted in asuccessful
application for patients in a pain management setting.
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