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As the world faces the persisting opioid epidemic ravaging the globe, one of the
ways to combat the overuse and misuse of opioids will be through a personalized
approach to pain management. The clinical implementation of pharmacogenetic
testing is essential to creating patient-centered drug therapies for the safe and
effective treatment of pain. Opioids are used for pain management, but the
analgesic affect is different on every individual due to genetic variation and the
ability to metabolize the drugs. The highly polymorphic CYP2D6 gene is responsible
for the metabolism of the commonly prescribed opioids. Genotype and copy
number variation of CYP2Dé play a critical role in how affectively the body
metabolizes opioids. A wide variety of molecular methodologies are available for
the genotype and copy number analysis of CYP2D6 including real-time polymerase
chain reaction, sequencing, microarray, and matrix-assisted laser
desorption/ionization-time of flight mass spectroscopy. While these technologies
have advanced significantly, there are still limitations and challenges associated
with integrating pharmacogenetic testing into routine clinical practice. Further
research is needed to establish standardized pharmaceutical recommendation
guidelines based on CYP2Dé6 analysis. However, there is compelling evidence that
suggests CYP2Dé6 testing is useful when considering prescribing opioids for pain
management. Implementing pharmacogenetic testing for CYP2D6é may reduce
aggressive prescription practices of opioids which, in time, will diminish the
devastating effects of the opioid crisis.
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Introduction

With recent advancements in genetics,
medicine is shifting from a “one size fits all”
approach to a customized method based on
each individual patient’s genetic profile. This
emerging practice, called precision medicine,
is also known as personalized medicine.! One
of the ways clinicians can personalize medical
treatment is through the use of pharmacoge-
netic testing. Pharmacogenetic testing allows
medical providers to make informed decisions
about drug therapies based on how an
individual patient will metabolize the medi-
cation.

Genetics play a crucial role in how the body
metabolizes medications. Variations in meta-
bolism can result in a drug having a wide range
of different effects on people. This is parti-
cularly important within the context of pres-
cribing medications to control pain manage-
ment. There are specific genes that play a
particularly significant role in the drug
metabolism process. Cytochrome P450, also
referred to as CYP, represents a large heme-
containing enzyme superfamily:' CYP enzymes
are abundant in the liver and are responsible
for the metabolism of various molecules such
as drugs, chemicals, and fatty acids." Among
the several genes that encode these CYP
members is the highly polymorphic CYP2Dé
gene located on chromosome 22q13.1.2 It is
estimated that CYP2Dé6 actively metabolizes
around 25 percent of all drugs including
antidepressants, antiarrhythmics, antipsycho-
tics, B-blockers, and opioid analgesics used to
treat pain.’3

Due to the variation in CYP2D6, individuals
metabolize opioids at different rates.
Identification of the genetic variation in the
CYP2D6 of each patient by implementing
pharmacogenetic testing in routine clinical
practice allows providers to take a persona-
lized approach to pain management, leading to
safer and more effective treatment. In
addition, the clinical practice of genotyping
CYP2D6 may reduce the over prescribing of
opioids and indirectly assist in the manage-
ment and reduction of the opioid crisis
worldwide.

Pain Management and the Opioid Crisis
Safe and effective pain therapies require a
personalized approach to treatment. Pain is
subjective and can be difficult to treat.
Individual patients can have a wide range of
responses to pain medications based on their
genetic profiles. Implementing pharmaco-
genetic testing in clinical pain management
and the prescribing of narcotics is particularly
important.

Narcotics or opioids are a class of drugs
commonly prescribed for long- and short-term
pain management. As a result, opioid addiction
has become an increasingly prevalent issue
which has led to the opioid epidemic or opioid
crisis. In the United States, opioid use has risen
by 10 to 14 times in the past two decades.* The
rate of opioid prescription more than doubled
worldwide between 2001 and 2013, largely
affecting the United States, Canada, Australia,
and the United Kingdom.®> The increase in
opioid prescriptions, misuse and abuse of the
drugs has led to the subsequent rise in opioid-
related overdoses and deaths. This s
attributed to multiple factors including the
increased use of prescription opioids by the
growing geriatric population as well as efforts
to resolve the previous under-treatment of
chronic pain.> However, evidence suggests that
the main contributor to the opioid crisis is the
overaggressive prescription practices encour-
aged by pharmaceutical manufacturers.>%7

Opioids
Opioids are a class of medication prescribed
for the treatment and management of pain.
Opioids create an analgesic effect which
simply refers to pain relief.® The commonly
used opioids include oxycodone, hydrocodone,
methadone, morphine, codeine, tramadol, and
the synthetic opioid, fentanyl.®

Opioids produce analgesic effects by acting
on the presynaptic and postsynaptic terminals
of the body’s neurons by binding to cell
membrane receptors. The presynaptic binding
blocks calcium channels to prevent the release
of neurotransmitters that contribute to
nociception or the sensation of pain.® The
postsynaptic binding of opioids opens
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potassium channels, increasing the required
action potential to generate nociceptive
transmission.® The released neurotransmitters
stifle the sensation of pain and create a sense
of wellbeing. When the effects of the drug
wear off, the body can crave the same feeling
of pleasure and wellbeing, generating the
potential for addiction.®

Pharmacogenetic Testing

Clinically integrating pharmacogenetic testing
into pain management practices may help to
combat the current opioid crisis by reducing
the over-prescription and misuse of opioids.
Pharmacogenetics investigates how a specific
gene influences the body’s response to a given
drug. Genetic polymorphisms contribute to the
high variability in pharmacokinetics and
pharmacodynamics which describe how the
body processes and responds to various drugs. !
Pharmacogenetic testing involves assessing an
individual’s genetic profile to determine how
the individual will respond to drug therapy.

CYP2D6
The Role of CYP2Dé6 in Drug Metabolism
CYP2D6 is one of the most important
pharmacogenes. Cytochrome P450 2D6 is an
enzyme encoded by the CYP2D6 gene sequence
which is primarily expressed in the liver.® CYP
enzymes facilitate reactions during phase |
metabolism, the process of adding or exposing
a polar functional group such as -NH? or -OH on
a lipophilic drug to increase the hydrophilic
nature of the molecule.' The reaction creates
metabolites transforming a prodrug into an
active therapeutic form.'? If the CYP450
system is inhibited in any way it will lead to a
decrease in metabolism and an increase in the
drug level, whereas if the system is induced, it
will cause metabolism to increase and the drug
level to decrease.™

Significant variability in interindividual
CYP2Dé6 metabolism occurs because the gene is
highly polymorphic. More than one hundred
CYP2Dé6 genetic variants have been identified
resulting from point mutations, duplications,
insertions, and deletions.! The genetic variants
contribute to the high variability in opioid

metabolism by different individuals.
Determining one’s genotype for CYP2D6 would
insure prescribing the correct dose and type of
opioid for effective pain management.

CYP2D6 Genotypes and Metabolizer Pheno-
types

Determining an individual’s CYP2D6 genotype
enables healthcare providers to make informed
decisions regarding drug choices and doses
based on the patient’s CYP2D6 metabolizer
phenotype. CYP2Dé6 allelic variants correspond
with specific phenotypes categorized as either
a poor metabolizer (PM), intermediate
metabolizer (IM), ultrarapid metabolizer (UM),
or normal metabolizer (NM). NM and IM are the
most common phenotypes comprising an
estimated 43% to 67% and 10% to 44% of the
general population, respectively.? NMs provide
the baseline for how most individuals are able
to process compounds metabolized by CYP2D6
enzymes. IMs may express slightly less CYP2D6
metabolism than NMs but are not considered to
be at substantial risk for adverse reactions or
failed treatments when prescribed a
compound that is metabolized by CYP2D6. In
contrast, PMs are typically at higher risk for
failed treatments and adverse drug reactions
because these individuals exhibit no CYP2D6
enzyme activity and are therefore more likely
to experience diminished analgesic effects
from opioids due to the inhibited metabolism
of the drug.>'>' UMs are often at high risk of
adverse reactions when prescribed compounds
metabolized by CYP2D6 because these
individuals exhibit increased CYP2Dé6 enzyme
activity which can lead to toxic concentrations
of the drug even at low doses.™'> While PMs
and UMs are less common than NMs and IMs,
drug choices and doses for these individuals
must be carefully considered to minimize risks
of dangerous or ineffective treatments.

The CYP2D6 metabolizer phenotype is
determined based on the individual’s activity
score calculated by adding assigned values of
each of the alleles.? There are five functional
allele types for CYP2D6: normal (also known as
wild type), decreased function, severely
decreased function, no function, and increased
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function. Normal function alleles include *7,
*2, and *35 which are all assigned an activity
score of 1.3 Decreased function alleles
include *9, *17, *29, and *41 and are assigned
a value of 0.5.3 The Clinical Pharmacogenetics
Implementation Consortium (CPIC) guidelines
also group CYP2D6*10 in with the decreased
function allele type. It is the only decreased
function allele with an activity score of 0.25
rather than 0.5."° Due to this distinction, the
allele can be categorized separately from the
rest of the decreased function alleles to
highlight the difference in activity values.
CYP2D6 alleles that are considered to have no
function are given a score of 0 and these
include *3, *4, *5, *6, and *40.>'® Increased
function alleles, which are *71x2 and *2x2, are
assigned twice the value of a normal allele,
contributing a value of 2 to the activity score.?
An activity score of 0 indicates a PM
phenotype, 0.25 to 1 indicates an IM, 1.25 to
2.25 indicates a NM, and activity scores greater
than 2.25 indicate a UM phenotype.>' For
example, an individual with a CYP2D6*1/*2
diplotype has an activity score or 2 making
them a NM, whereas an individual with a
CYP2D6*4/*5 diplotype has an activity score of
0 making them a PM.

The frequencies of the alleles and
phenotypes vary by population and ethnic
groups. No function CYP2D6*3, *4, *5, and *6
alleles are common among individuals of
European descent.® Compared to other
biogeographical groups, Europeans exhibit the
highest frequency of poor metabolizers.' In
contrast, Sub-Saharan African populations
have the highest prevalence of activity scores
of 3.0 and higher."® The severely decreased
function CYP2D6*10 allele is common among
Asian populations. East Asian populations have
the highest rate of 0.25 activity scores relative
to other biogeographical groups.®'® The
frequency of the alleles in a given population
affects the chances of an individual in that
population being a PM or UM for CYP2D6.

CYP2D6 Copy Number Variation
In addition to genotype, copy number variation
(CNV) in CYP2D6 resulting from gene

duplications or deletions can also influence
metabolism. Two copies of an allele are
normally inherited, one from the mother and
one from the father."” In cases where CNV
occurs, two or more copies of a gene may be
inherited from one of the parents, or the gene
may be deleted altogether.'” When there is a
duplication of the CYP2D6 gene, the additional
copy is also factored into the activity score.
Therefore, the more copies of CYP2D6 present,
the more likely that individual will have
increased CYP2D6 function.>' The increased
CYP2D6 function causes the individual to
metabolize compounds much faster than a
person with only one copy of the gene." In
contrast, reduced CYP2D6 function resulting
from a deletion will inhibit the individual’s
ability to metabolize the compound, which will
reduce or eliminate the intended analgesic
effect of the opioid.

Over 12 percent of the United States
population has a CNV in the CYP2Dé gene."
The total copy number of CYP2D6 can range
from zero copies to as high as ten copies.'” This
additional factor of genetic variation can
significantly influence the expected
metabolism type hindering the process of
translating data into patient-specific out-
comes. Scientists have previously overlooked
the impact of CNV on drug response.’
Additionally, some researchers have criticized
the under-utilization of CYP2Dé CNV testing,
particularly in laboratory-developed tests,
stating that many of these tests only identify
the single nucleotide polymorphisms and do
not account for CYP2D6 CNVs."® The
prevalence of CYP2D6 CNVs combined with the
significant contribution to metabolizer pheno-
types suggests that CYP2Dé6 CNV testing should
be used alongside genotype analysis for the
most accurate and clinically useful results in
pharmacogenetic testing.'®

CYP2D6 Molecular Methods

There are a variety of molecular test methods
used for CYP2D6 testing. The methods include
real-time polymerase chain reaction (PCR),
sequencing, microarrays, and matrix-assisted
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laser desorption/ionization-time of flight mass
spectrometry (MALDI-TOF MS). Each of the
methods come with benefits and limitations
when implementing them in a clinical setting.

Real-time PCR
PCR is a commonly used method for CYP2D6é
genotype analysis in clinical laboratories.
There are a variety of PCR tests available for
genotyping CYP2D6, however, only a couple
are Food and Drug Administration (FDA)
approved.” The quality and usefulness of
CYP2D6 PCR assays depend heavily on the
design of the PCR primers specific to the
intended target.?°

A wide variety of PCR chemistries use a
direct detection method for genotyping
CYP2D6, one being TagMan chemistry. TagMan
chemistry utilizes two oligonucleotide probes
with a fluorescent molecule attached at the 5’
end and a quencher located on the 3’ end. In
TagMan assays designed for the detection of
SNPs, one allele is detected by the fluorescein
adamites (FAM) probe and the other by the
aequorea victoria (VIC) probe.2"22 The primers,
probes, and master mix containing DNA
polymerase, deoxynucleotide triphosphates
(dNTPs), cofactor, and buffer are combined
with the sample.? Then a thermal cycling
protocol is performed on a PCR detection
instrument such as the Applied Biosystems
7500 where the DNA is amplified and the
fluorescence is measured.?* The endpoint read
of the fluorescence is used for genotype
analysis.?* Software programs such as TagMan
Genotyper Software analyze the amplification
to generate allele plots in which distinct
clusters should form.?* One axis of the allele
plot represents the allele detected by FAM and
the other axis represents the allele detected
by VIC. Clusters that are formed along the FAM
axis represent the samples that are
homozygous for the FAM-detected allele and
those along the VIC axis are homozygous for
the VIC-detected allele. A cluster that forms in
the middle of the plot equidistant from both
axes marks the samples that are heterozygous,
meaning both alleles were detected in the

samples.?* TagMan PCR is a fast and reliable
method for CYP2D6 genotyping that is simple
to perform compared to other methods.2°

In addition to genotyping, PCR tests are also
available for CNV identification for CYP2D6.
The assays typically use TagMan chemistry
with real-time quantitative PCR methods." In
TagMan CNV assays for CYP2D6, one probe
labeled with FAM targets the CYP2D6 sequence
while another probe labeled with VIC targets a
reference gene with a known copy number,
such as Ribonuclease P.* Both sequences are
amplified in the same well simultaneously, and
at the end of the PCR, a cycle threshold (Ct)
value is determined for both targets. The Ct
value is the number of PCR cycles it takes for
the target to cross the threshold where it
eventually exceeds background amplificat-
ion.?

To determine the number of copies of
CYP2Dé6 in a sample, the difference between
the FAM and VIC Ct values are measured for the
tested sample and compared to the difference
in Ct values measured in a calibrator sample
with a known copy number for CYP2D6. Special
software automatically performs the calcu-
lations and determines a predicted copy
number using a data file exported from the
PCR instrument. An example of the technology
is the CopyCaller 2.1 software created by
Thermo Fisher Scientific (Waltham, MA).2* The
software also provides statistics to assess the
confidence of each copy number call and
assigns each sample a score. One of the
limitations of the technology is that it requires
a minimum of seven samples with the same
predicted copy number in a single PCR run in
order to accurately generate confidence scores
for each sample’s predicted copy number.?*

Sequencing

Various sequencing techniques are available
for CYP2D6 analysis. In fact, the use of Sanger
sequencing actually led to the discovery of the
CYP2D6 gene and pseudogenes.? Eventually,
long-range PCR enabled Sanger sequencing of
targeted exons across full-length CYP2D6
amplicons, leading to the identification of the
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initial CYP2D6 star alleles.?2 As innovative
technologies emerge, Sanger sequencing
remains the gold-standard for many molecular
methods including genotyping applications.
However, it is rapidly being replaced in clinical
laboratories with higher throughput methods
such as targeted next generation sequencing
(NGS).?

Targeted NGS includes a step where
specific gene regions are selectively amplified
through PCR using a gene panel. A gene panel
is a pool of oligonucleotide primer pairs used
to amplify the target region during PCR,
creating a sequencing-ready library of DNA
amplicons.?® The DNA is denatured and added
to a small plate, sometimes referred to as a
flow cell containing oligonucleotides that
match the adapter sequences of the library.
The adapter sequences on the DNA fragments
hybridize with the targets on the plate. PCR
synthesizes a complementary DNA (cDNA)
sequence. Fragments that fail to hybridize to a
complementary sequence are removed in a
subsequent washing. The free end of the cDNA
sequence then hybridizes to a secondary
oligonucleotide on the plate in a process
known as bridge building.”” The bridge is
amplified and denatured again, and the
process is repeated, creating multiple copies
of forward and reverse strands. A primer then
binds to the oligonucleotide to start the
sequencing process using fluorescently labeled
nucleotides. As the nucleotides bind to the
sequence, they are excited by a laser to obtain
a color-coded signal until the sequencing is
complete, generating millions of reads in the
process.?’

While NGS offers a rapid and reliable
method for detecting SNPs in CYP2D6, the
massive amount of data produced by the
millions of reads requires extraordinarily
complex bioinformatic systems to analyze the
results. Another limitation of this method for
CYP2Dé6 testing is the challenge associated
with detection of CNVs which typically requires
the use of quantitative real-time PCR.%>%8 The
challenges are caused by the variances in
coverage depth often associated with NGS

methods. The variances are due to the amount
of GC content in the target regions and
biochemical properties of the kits used in the
initial enrichment steps prior to sequencing.?®

Microarrays
A substantial portion of all pharmacogenomic
tests use microarray method. Microarrays use
a grid that contains small wells, each of which
contains multiple copies of a probe fixed to a
solid surface in the well. Each well represents
a different gene or region of interest. The
sample DNA is denatured and cut into smaller,
more manageable fragments.?’ The small
fragments are labeled by attaching a
fluorescent dye. The labeled sample DNA is
inserted into the wells where it hybridizes with
complementary probes.?’ Any unbound DNA is
then washed away, and the bound DNA
fluoresces resulting in the identification of a
specific gene arrangement or variation.
Microarrays are commonly used for pharma-
cogenomic applications because the techno-
logy can analyze thousands of genetic variants
simultaneously, including CNV.3 Other advant-
ages of microarray technology include rapid
output, affordability, and availability of the
technology as well as high accuracy and
relatively simple analysis and variant calling
compared to other methods.?' - 33 Microarray
panels can be customized to include specific
genes of interest to create pharmacogenomic
panels to identify the variants important in
pain management, cardiac, and psych
disorders.3"3* The main limitation associated
with microarray technology is that it cannot
detect novel variants. However, genome-wide
array technology can detect virtually all SNPs
of known clinical importance making it suitable
for clinical applications.?' In fact, multiple
assays that detect drug metabolizing enzymes
that have been granted FDA approval utilize
microarray technology."

MALDI-TOF Mass Spectrometry

One of the less commonly used methodologies
for CYP2D6 genotyping is MALDI-TOF MS. In this
method, forward and reverse primers are
created for the target SNP and a PCR step is
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performed to amplify the region of DNA
containing the SNPs.3435 An extension step is
then performed during which an extension
primer anneals to the polymorphic base and a
terminator extends the fragment by a single
additional base.3* The product of the reaction
is added to a chip containing matrix solution.
The matrix assists in the ionization process by
absorbing energy from a laser.3*3 Electro-
static potential accelerates the ionized DNA
molecules through a tube toward a detector
which measures the relative time of flight of
each molecule.3* The mass of the DNA
fragment is calculated. The modified ter-
minator bases enable detection of mass
differences between fragments differing by
only one base.?* This method is used to detect
SNPs based on the mass of the variant
sequence.3*-3¢

Tests using MALDI-TOF MS are proving to be
a competitive analytical method due to the
many benefits including rapid high throughput,
ability to customize, relatively easy setup
protocols, and low cost per test.336 Additi-
onally, MALDI-TOF MS technology has demon-
strated high accuracy, sensitivity, and specifi-
city for pharmacogenetic testing.3>3¢ There is
currently only one MALDI-TOF MS-based
genotyping assay approved for clinical use in
the United States, however it is not for CYP2D6
genotyping.’

Discussion

Pharmacogenetic testing for CYP2D6 s
essential to determine a patient's ability to
metabolize a compound appropriately and
predict the response to CYP2D6-metabolized
drugs such as opioids. Both genotype and copy
number variation analyses provide critical
information that can help health care
providers prescribe appropriate treatments
and dosages based on the genetic profile of the
patient.

Understanding the clinical utility of CYP2Dé
testing for personalized pain management is
more important than ever given the current
opioid crisis. Opioid use has increased by more
than 10 times in the last 20 years, and it has

been predicted that 480,000 people in the
United States could die from opioid overdose
in the next 10 years.>3” The recent COVID-19
pandemic may have contributed to the severity
of the worldwide opioid problem due to
intense social isolation, increased experiences
of grief and trauma, and limited access to an
already low number of in-person treatment
centers for people struggling with opioid
abuse.¥

Also contributing to the high use of opioids
is the prevalence of opioids like oxycodone as
a postoperative treatment for pain. Of the 3.9
million surgeries undergone by children each
year in the United States, oxycodone is
prescribed for 2,116 out of every 100,000
patients.3® Despite the high variability in
response to the medication and the increased
risk for opioid dependence, oxycodone is the
most commonly prescribed oral opioid for
children.3®

The immense threat that the overuse and
misuse of opioids poses to the population
highlights the urgent need for an increased
awareness and understanding of the utilization
of CYP2D6 testing to aid in prescribing safe and
effective treatment for pain. Evidence
suggests that in addition to oxycodone dosage
requirements, CYP2D6 genotypes may also
affect a patient’s risk for opioid side-effects
like respiratory depression.3® This contradicts
current information provided by the CPIC
which stated that “there is insufficient
evidence and confidence to provide a
recommendation to guide clinical practice at
this time for oxycodone” based on CYP2D6
genotype.’

While the current research available may
be “insufficient” at this time, there is enough
substantial evidence to warrant further
investigation and consideration for clinical
implementation. Studies have shown that
genotype availability and guidance in a clinical
setting influences postoperative prescriptions
of opioids. These effects include a decrease in
the prescription of a medication due to high
variability in response to the drug as well as a
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lower rate of oxycodone prescriptions for PMs
and UMs.383°

One of the major challenges of integrating
CYP2Dé6 testing into routine clinical practice is
the lack of standardization of activity scores,
associated phenotypes, and the clinical recom-
mendations for each phenotype. Translating
CYP2D6 genotype to phenotype has posed a
significant challenge to the scientific
community.*® CPIC guidelines on converting
CYP2D6 activity scores to metabolizer pheno-
type have been modified in recent years,
primarily changing the activity score ranges
that constitute an IM, NM, and UM.#"%2 A recent
study found that the metabolic ratio (the ratio
of parent drug to metabolite after 3 hours) of
three different CYP2D6 genotype groups was
significantly different, even though all three
groups would be classified as NMs according to
CPIC guidelines.”® The clinical implications of
these differences need to be carefully
considered when establishing or modifying the
activity score translation system. To produce
sufficient comparable data to aid in
establishing guidelines for prescription recom-
mendations for each phenotype, it would be
beneficial to adopt one standard CYP2Dé
genotype-to-phenotype translation system.

One of the factors that is improving the
ability to implement pharmacogenetic testing
in clinical laboratories is that the same
molecular methodologies used for CYP2D6 can
also be used for a variety of other important
pharmacogenes, including other members of
the Cytochrome P450 superfamily such as
CYP2C9 and CYP2C19.¥ Once a molecular
method for a gene such as CYP2D6 has been
implemented, it can be a relatively
straightforward process to continue implemen-
ting additional assays to monitor other genes,
as most principles and procedures are trans-
ferable to other pharmacogenes, apart from
the unique primer designs.

There are a variety of molecular
methodologies currently available for pharma-
cogenetic testing including PCR, sequencing,
microarray, and MALDI-TOF MS. While mole-

cular methods for genetic testing have impro-
ved, leading to more sensitive and less labor-
intensive tests, there are still limitations
associated with these methods that remain a
challenge for clinical laboratories. One of the
current limitations of copy number analysis is
that most CNV assays do not identify which
alleles have multiple copies.' The main chall-
enge associated with genotype analysis across
all molecular methods is the risk of incorrect
variant calling.** For instance, rare and de
novo variants will not be detected by most
assays and may be falsely reported as a
functional allele by default.' Regardless of the
diagnostic tool being used, laboratorians
should be especially cautious when analyzing
variants in homologous regions to reduce the
chance of an incorrect call.** In some cases,
incorrect variant calls can in turn be translated
into incorrect phenotypes, which may have
significant negative outcomes for the patient.
Ambiguous results and variants in highly
homologous regions require confirmation with
an independent methodology to help avoid this
risk.

Conclusion

In order to continue developing and refining
strategies for personalized medical treatment
it is necessary to assess the clinical utility and
challenges associated with current practices.
Pharmacogenetic testing is a valuable tool in
personalized medicine due to the influence
that genetic variation has on the diversity of
drug metabolism within and between
populations. In addition to pain management,
pharmacogenetic testing has other useful
clinical applications. Gene sequences are
grouped to create different test panels
including cardiovascular, psychiatric, cancer
and immunosuppression, and endocrine and
metabolic panels.

CYP2D6 testing has proven to be a valuable
way to predict an individual’s response to
opioids as well as other CYP2D6-metabolized
drugs. Aside from pain medications, CYP2D6
testing may be clinically useful for the
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prescription of antidepressants, antiarrhyth-
mics, antipsychotics, and B-blockers. In the
new era of personalized medicine, CYP2Dé6
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