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Abstract

Medication for pain relief is an essential aspect of treatment. However, this area often becomes
challenging when treating patients due to the heterogeneous reaction to the analgesic medication
for each patient. The reliability of the medicine has improved with the increasing availability of
information regarding pharmacogenomics, which is known to improve medicine by enabling it to
be tailored to a person's unique genetic makeup. This review examines the polymorphisms in
cytochrome P450 enzymes (for example, CYP2D6, CYP2C9) and other markers in OPRM1,
COMT, and ABCBL that have been shown to modify the efficacy and safety of pain medications.
It also recommends how therapy can be optimized; for example, it suggests using opioids and
NSAIDs based on the pharmacogenomic profile of the patient. The work of pharmacists in a
multidisciplinary team in the interpretation of pharmacogenomic tests, modification of the
treatment regimen, and communication with the patient regarding genetic testing is discussed, as
well as their involvement in multidisciplinary teams. There are also positive developments in the
reform of pharmacogenomic research and educational and legislative policy that mitigate barriers
associated with the cost, availability, and inclusivity of participants. Pharmacogenomics can
change the pain management practice by enhancing pharmacotherapy, managing side effects, and
accelerating patient-centered care. Further, this article calls for more resources in the form of
practical tools and training to help expand the use of pharmacogenomics and its applications more
readily in direct patient care.

Keywords: CYP2D6 Metabolism, Opioid Pharmacogenomics, NSAID Safety, Pharmacogenomic
Markers, OPRM1 Gene, COMT (catechol-O-methyltransferase) Variants, P-Glycoprotein
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Introduction

Pain is the most challenging thing to manage in health care; the patients show a significant variation in
their response to analgesic medications. This diversity could be due to genetics, environmental factors,
or accompanying conditions, making it challenging to achieve optimal pain control with minimal side
effects. These difficulties highlight the necessity of adjusting pain approaches to a more exact and
individualized model. Pain is a complex issue since it requires more precise and personalized methods

[1]
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The concept of pharmacogenomics, which explains how the genetic constitution of an individual
determines their reaction to different drugs, has been a significant force in advancing personalized
medicine. This allows healthcare professionals to customize pharmacotherapy according to the patient's
genetic polymorphisms, using the bioavailability of medications in the body as a blueprint to identify the
SNPs that influence drug metabolism, their effects, and side effects. This can have overall importance in
enhancing pain management techniques, including addiction, optimal usage of opioids, and limiting
adverse drug reactions [2].

Pharmacogenomic data is becoming more popular and more integrated into medicine. More and more,
pharmacists are at the center of this revolution in personalized medicine: They are trained in
pharmacology as well as in the management of medication therapy. So, they have a unique opportunity
to help clinical practice translate pharmacogenomic information into therapy decisions. As LRT and pain
medicine have developed, so too have the roles of pharmacists, who are now involved in assisting
therapy decision-making, educating patients and healthcare providers, and working as part of
interdisciplinary teams to improve pain management. This manuscript discusses the application of
pharmacogenomics in pain management and the key role of pharmacists in promoting personalized
medicine in this area [1], [3].

Pharmacogenomics in Pain Management

Pharmacogenomics, a branch of science that combines drugs and genetics, provides solutions to the
problems that exist in pain management. Based on a patient's genetic data, specialists may anticipate
what kind of metabolism a patient would undergo and how they would react to the pain-relieving drugs,
and as a result, such strategies improve the results, and the risks of negative effects are reduced [1], [12].
[13].

Genetic Factors Influencing Drug Metabolism and Response

Variability in the metabolism of drugs due to genetics is a key determinant of the efficacy and safety of
pain medications. One of the most prominent systems is the cytochrome P450 (CYP450) enzyme
system, which mediates the metabolism of many opioids and other analgesics. CYP2D6 is most notable
because it also can convert prodrugs, such as codeine, tramadol, and hydrocodone, into their active
metabolites. CYP2D6 gene polymorphisms may place an individual into one of the five categories:
poor, intermediate, standard, rapid, or ultra-rapid metabolizers. For example, there are poor metabolizers
who may not convert the prodrugs (inactive drugs) to an active form, resulting in less pain relief, and
ultra-rapid metabolizers who may convert the prodrugs (inactive drugs) to an active form and could
risk toxicity or side effects. Other CYP450 enzymes, such as CYP3A4 and CYP2B6, also influence the
metabolism of medications like fentanyl and methadone, further emphasizing the complexity of genetic
variability in drug response [3].

Specific Pharmacogenomic Markers and Clinical Implications

Many pharmacogenomic markers have been found that affect pain control. For example, the OPRM1
gene makes the mu-opioid receptor the primary target for most opioids. A common variant, 118A>G, is
linked to changes in how well the receptor binds, causing differences in how well opioids work and how
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much is needed. Patients with the GG genotype usually need more opioid doses for good pain relief than
those with the AA genotype [3].

Another important marker is the COMT (catechol-O-methyltransferase) gene, which affects how
neurotransmitters linked to pain perception are processed. Variants in COMT, like Val158Met, are tied
to differences in pain sensitivity and opioid needs. Also, genetic differences in the ABCB1 gene, which
encodes the P-glycoprotein drug transporter, change how well opioids like morphine work in the body,
making treatment choices harder. These markers with specific implications seen in pain management are
given in Table no 1, which works as important information for customizing treatment to suit each patient

[5]

Gene Function Implications in Pain | Example Drugs
Management Affected

CYP2D6 Metabolizes prodrugs | Poor metabolizers | Codeine,  Tramadol,
into active forms may experience | Hydrocodone
insufficient pain
relief; ultra-rapid
metabolizers may
have toxicity risks.
CYP2C9 Metabolizes NSAIDs | Variants may lead to | Celecoxib, lbuprofen,
slower clearance, | Diclofenac

increasing the risk of
Gl and cardiovascular
side effects.

OPRM1 Encodes  mu-opioid | Variants can alter | Morphine, Fentanyl

receptor opioid efficacy and
dosage requirements

COMMENT Influences Variants linked to | Not drug-specific
neurotransmitter differences in pain | (affects response)
metabolism in pain | sensitivity and opioid
perception needs

ABCBl1 Encodes P- | It affects opioid | Morphine
glycoprotein drug | bioavailability and
transporter central nervous

system penetration

Table no 1: Pharmacogenomics markers and its implications in pain management
Benefits of Pharmacogenomics in Pain Management

Pharmacogenomics has many advantages in pain management, especially when it comes to maximizing
medication effectiveness and reducing side effects. By determining the genetic profiles of their patients,
medical professionals may choose the best drug and dosage right away, eliminating the need for trial-
and-error dosing. This method reduces hazards like drowsiness, respiratory depression, and

IJFMR190137525 Volume 1, Issue 1, July-August 2019 3



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

gastrointestinal problems that are frequently linked to opioid use while increasing the possibility of
receiving adequate pain treatment [1].

Additionally, pharmacogenomics has the potential to lessen the stigma that patients who report
insufficient pain alleviation frequently experience. When a biological foundation for poor drug response
is revealed by genetic testing, medical professionals can more empathetically address patients' concerns
and make evidence-based treatment plan modifications. Furthermore, by guaranteeing that patients
receive the appropriate medication in the proper dosage and lowering the possibility of inadvertent
overprescription, this precision approach lessens the burden of opioid abuse and addiction [13].

The Role of Pharmacist in Pharmacogenomics

a) Especially in the area of pain management, pharmacists are essential to the effective
incorporation of pharmacogenomics into clinical practice. Their pharmacological knowledge and
increasing interest in precision medicine make them vital contributors to bettering treatment results.
Pharmacists are essential to the development of customized medicine since their duties encompass
clinical application, patient advocacy, and collaborative care [2], [4], [5].

by Clinical Responsibilities

Pharmacists are at the forefront of directing pharmacogenomic testing and analyzing data to create
personalized treatment recommendations. By examining genetic data, they can determine patient-
specific characteristics that affect drug metabolism, efficacy, and safety. For instance, a pharmacist may
suggest pharmacogenomic testing to ascertain whether hereditary variables, such as a CYP2D6
deficiency, are causing a patient's poor response to a regularly given opioid. The pharmacist might
provide substitute drugs that avoid the impacted metabolic pathways in light of the findings,
guaranteeing efficient pain management with a lower chance of adverse effects.
Pharmacists also play a key role in modifying prescription schedules to conform to pharmacogenomic
discoveries.For example, they can offer non-opioid analgesics for individuals with genetic variations
that indicate a poor response to traditional opioids, or they might suggest dose reductions for ultra-
rapid metabolizers of codeine to prevent toxicity. Pharmacists can improve pain management and lower
the hazards of improper pharmaceutical usage by customizing therapy [8], [9], [11].

Patient Advocacy and Education

c) As easily approachable medical experts, pharmacists are in a good position to inform patients
about pharmacogenomics and its possible advantages. They play a critical part in demythologizing the
concept by describing how genetic testing operates, what it reveals, and how it might result in safer and
more successful treatments. This information promotes acceptance of tailored treatment and assists
patients in making well-informed decisions regarding pharmacogenomic testing.

d) By listening to patient concerns, tracking treatment outcomes, and offering assistance in
overcoming obstacles like costs or misunderstandings regarding genetic testing, pharmacists also
promote adherence to treatment plans. Pharmacists ensure that patients receive the full benefits of their
customized treatments by fostering trust and compliance and highlighting the importance of
pharmacogenomics in attaining optimal outcomes [6].

e) Collaborative Care

IJFMR190137525 Volume 1, Issue 1, July-August 2019 4



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

A multidisciplinary strategy is necessary to integrate pharmacogenomics into clinical practice, and
pharmacists are crucial medical team members. They work with doctors, genetic counselors, and other
medical professionals to evaluate the results of pharmacogenomic tests and integrate them into all-
encompassing treatment programs. For instance, a pharmacist may consult with a pain specialist to
choose the best analgesic for a patient with a complicated genetic background.

Pharmacists offer pharmacogenomic knowledge and help create institutional policies and procedures
for integrating genetic testing into standard medical care. Their participation guarantees the continuous
and efficient application of pharmacogenomics, eventually improving patient outcomes and lowering
healthcare expenses [5].

Pharmacogenomic-Based Pain Management Strategies

Pharmacogenomics has allowed for more precise pain management tactics by adjusting medication
selection and dose to a patient's genetic profile. This method works exceptionally well when dealing
with chronic pain treatments, NSAID safety, and variations in opioid metabolism. Because they are
qualified to evaluate pharmacogenomic data, pharmacists are essential in ensuring that genetic testing
results in practical, evidence-based treatments [1].

Specific Pharmacogenomic-Guided Approaches

Given their crucial involvement in the metabolism of many pain drugs, genetic polymorphisms in the
cytochrome P450 (CYP450) enzyme system are a primary focus in pharmacogenomics. One important
enzyme that transforms prodrugs like codeine and tramadol into their active metabolites is CYP2D6.
Research has demonstrated that whereas ultra-rapid metabolizers run the danger of serious side effects
from excessive drug activation, people with weak CYP2D6 metabolism experience reduced efficacy
from these medications due to inadequate activation. By identifying these metabolic profiles using
pharmacogenomic testing, medical professionals can modify treatment, for example, by switching to
opioids that are not CYP2D6-dependent, such as morphine, hydromorphone, or fentanyl [3].

Similarly, CYP2C9 plays a key role in the metabolism of NSAIDs such as diclofenac, ibuprofen, and
celecoxib. Slower medication clearance due to CYP2C9 gene variations can raise the risk of
cardiovascular and gastrointestinal harm. Genetic testing allows physicians to lower NSAID dosages or
suggest safer alternatives like acetaminophen or selective cyclooxygenase-2 (COX-2) inhibitors for
patients with decreased CYP2C9 activity [4].

Evidence-Based Strategies for Genetic-Based Interventions

Guidelines from the Clinical Pharmacogenetics Implementation Consortium (CPIC) offer helpful
resources for applying pharmacogenomics in clinical settings. Pharmacists can use these guidelines to
understand the results of genetic tests and provide well-informed recommendations for individualized
drug regimens. For instance, according to CPIC guidelines, patients who have been diagnosed as poor
metabolizers of CYP2D6 should avoid using medications that rely on CYP2D6 activation, such as
codeine and tramadol, and instead use alternate analgesics that do not involve this route [4], [9].

Pharmacists should encourage preventive pharmacogenomic testing as part of routine care for patients
with chronic pain or those who need long-term NSAID or opioid therapy, in addition to guideline-based
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interventions. Pharmacists can assist in avoiding issues and enhancing treatment results by determining a
patient's genetic susceptibilities to negative responses or decreased efficacy.

Genetic testing for variations in the mu-opioid receptor-encoding OPRM1 gene, for instance, can
identify variations in opioid receptor binding affinities, directing dose modifications and enhancing pain
management. While some patients may benefit from lesser dosages or different approaches to pain
management, others with certain OPRML1 variations could need larger doses of opioids to produce the
intended analgesic effect [6], [7].

Addressing Chronic Pain and Opioid Safety

For patients suffering from chronic pain problems that necessitate long-term opioid usage,
pharmacogenomics provides crucial insights for enhancing therapy while avoiding addiction and
harmful consequences. For instance, CYP3A4 and CYP2B6 enzymes metabolize methadone, and
genetic variations in these routes can cause notable interpatient variations in drug levels. For individuals
receiving methadone therapy, pharmacogenomic testing can assist in determining the best dosage and
avoiding toxicity [12].

Pharmacogenomic testing can also help identify patients who may be susceptible to opioid-induced side
effects, including constipation or respiratory depression. Pharmacists can reduce these risks while
preserving efficient pain management by customizing opioid medication based on the patient's genetic
profile. Examining for variations in ABCB1, which codes for the P-glycoprotein transporter implicated
in drug efflux, promotes the safe and efficient use of opioids such as morphine since ABCB1
polymorphisms impact the central nervous system penetration and drug bioavailability [11].
Pharmacogenomic testing is beneficial in NSAID therapy for individuals who are susceptible to long-
term side effects, such as those with arthritis or chronic musculoskeletal pain; the standard procedure for
genomic testing is shown in Figure no: 1. Pharmacists can lower the risk of side effects, including renal
toxicity or gastrointestinal bleeding by using genetic data to suggest safer substitutes or modify dosage
schedules [1].

(1] [2]
Patient Pharmacogenomic
Evaluation Testing

[3] [4]
Data Treatment
. c Recommendations
Interpretation

[e]
Monitoring
[5] & Follow-up
Pharmacists
Role

Figure 1: Workflow for Integrating Pharmacogenomics into Pain Management
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Expanding Pharmacogenomic Applications

In addition to NSAIDs and opioids, pharmacogenomic testing is having an impact on the treatment of
other chronic pain medications, such as antidepressants and anticonvulsants, which are frequently used
as adjuvants. The metabolism of tricyclic antidepressants, such as amitriptyline, which is commonly
recommended for neuropathic pain, is impacted by CYP2C19 polymorphisms. Pharmacists might use
test results to suggest different treatments or dose modifications to improve safety and efficacy.
Pharmacists are essential in improving overall results, reducing genetic variability, and enhancing pain
management techniques by integrating pharmacogenomic data into patient care. Their proficiency in
deciphering genetic data and implementing evidence-based recommendations guarantees that patients
have individualized therapies that are secure and efficient [13].

Challenges and Opportunities

f) There are many obstacles and exciting possibilities in incorporating pharmacogenomics into
pain management. As the sector develops, overcoming obstacles, including cost, accessibility, and gaps
in pharmacist training while utilizing research, policy support, and education, can help ensure its
successful application in clinical practice [4], [5].

g) Key Challenges

The high expense of genetic testing is one of the main issues facing pharmacogenomics. Even while the
price of these tests has decreased over time, many patients still find them too expensive, especially those
without insurance or living in areas with tight healthcare budgets. Inconsistent reimbursement practices
worsen this problem, as insurers frequently refuse to pay for tests considered "optional™ or have unclear
immediate benefits, even if they may help avoid adverse medication reactions and enhance long-term
results.

Accessibility to testing is another obstacle, particularly in impoverished or rural locations where
sophisticated genetic testing facilities might not be easily accessible. This restricted accessibility limits
the usefulness of pharmacogenomics for a large patient group and impedes prompt responses [1], [6],

[7], [8].

hy Disparities in patient treatment are also caused by differences in the resources and experience
that different healthcare facilities offer [8].

i) Another significant issue is the lack of training among pharmacists. Many pharmacists lack the
training and expertise needed to accurately interpret genetic test results and utilize them in clinical
practice, despite the fact that they are becoming more and more acknowledged as crucial contributors to
pharmacogenomics. Research conducted before 2019 has shown that pharmacy courses still do not often
incorporate pharmacogenomics, which leaves graduates and working pharmacists unprepared for the
demands of this new sector [2].

j) Opportunities

Despite these obstacles, advances in pharmacogenomic research present numerous prospects for the
area. New evidence-based guidelines, like those created by the Clinical Pharmacogenetics
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Implementation Consortium (CPIC), are making it possible to apply pharmacogenomic data in pain
management with greater precision as our understanding of the genetic factors influencing drug
metabolism and response continues to expand. These guidelines enhance patient outcomes and reduce
adverse consequences by assisting healthcare professionals in making well-informed decisions.

Another area of opportunity is policy support. The Food and Drug Administration (FDA) and the
National Institutes of Health (NIH) have spearheaded efforts to integrate pharmacogenomic data into
drug labeling and promote clinical application research [4], [6].

For example, more than 120 drug labels include pharmacogenomic data, a brilliant growing recognition
of its importance in personalized medicine.

k) Integrating practices is also progressing as more healthcare institutions include
pharmacogenomics in standard therapy. Because of their special knowledge of drug management,
pharmacists, in particular, are playing a crucial role in this process by being at the forefront of
converting genetic data into practical treatment plans. In certain contexts, collaborative practice models
such as pharmacist-driven pharmacogenomics services provide a foundation for more extensive
integration.

) Expanding Education and Tools for Pharmacists

There is an urgent need to provide educational opportunities and create valuable tools for pharmacists in
order to fully realize the promise of pharmacogenomics. Pharmacogenomics must be included as a
fundamental subject in pharmacy curricula rather than an elective to provide aspiring pharmacists with
the information and abilities needed in this field. Pharmacogenomics-focused certification courses,
postgraduate programs, and specialist residencies can all help professional pharmacists become more
proficient [1], [9]. [10].

Along with instruction, genetic insights in clinical practice can be implemented by creating easily
navigable instruments, such as electronic decision support systems that incorporate pharmacogenomic
data. Thanks to these instruments, pharmacists can make personalized drug recommendations and
swiftly evaluate the results of genetic tests. The creation and distribution of these resources can be sped
up by partnerships between academic institutions, healthcare organizations, and industry stakeholders
[11], [13].

Conclusion

Incorporating pharmacogenomics into pain management represents a paradigm shift in personalized
medicine. Healthcare professionals can treat pain more accurately, efficiently, and securely by utilizing
genetic insights. The long-standing problem of interindividual heterogeneity in drug metabolism and
response is addressed by pharmacogenomics, especially when it comes to complicated medicines like
opioids, NSAIDs, and chronic painkillers. Pharmacists may now assess genetic data and provide well-
informed, patient-specific recommendations thanks to evidence-based resources like the Clinical
Pharmacogenetics Implementation Consortium (CPIC) guidelines. These developments lower the
hazards of trial-and-error prescribing while optimizing treatment outcomes.
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Pharmacists are essential to close the gap between clinical practice and pharmacogenomic research. In
addition to managing medications, they are also responsible for patient education, advocacy, and
teamwork with medical professionals.

Despite obstacles such as high costs, restricted access to testing, and deficiencies in pharmacist
education, there are several potential due to developments in research, regulatory assistance, and
educational initiatives. The importance of personalized medicine in revolutionizing pain management
procedures and enhancing patient care will be cemented by the ongoing growth of pharmacogenomic
applications, improved pharmacist education, and cutting-edge technologies.
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