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The pharmacogenomics aims to unravel the way that human genetic variation affects 

drug efficacy and toxicity. Pain is a common symptom that can be complex to treat. 

Analgesic medications are the mainstay treatment, but there is wide interindividual 

variability in analgesic response and adverse effects. Pharmacogenomics is the study of 

inherited genetic traits that result in these individual responses to drugs. This narrative 

review will attempt to cover the current understanding of the pharmacogenomics of 

pain, examining common genes affecting metabolism of analgesic medications, their 

distribution throughout the body, and end organ effects. 
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INTRODUCTION 

1] Pharmacogenetics: - 

The Pharmacogenetics (PGx) refers to how genetic 

differences between individuals influence patient 

drug responses and disposition. Generally, genes 

affecting the treatment outcome can be divided 

into two broad categories. On the one hand, genes 

affecting pharmacodynamics, are based on 

variations in drug target receptors and downstream 

signal transduction (i.e. μopioid receptor, OPRM1; 

enzyme catecholamine methyltransferase, COMT, 

etc.). On the other hand, genes affecting 

pharmacokinetics (PK) that affect drug 

metabolism and/or elimination (i.e. cytochrome 

P450 family of enzymes, enzymes responsible for 

glucuronidation, drug transporter proteins, COX 

enzymes, etc.) altering the relationship between 

drug dose and steady-state serum drug 

concentrations. 

Pharmacodynamics: 

The Some candidate genes are implied either 

directly (opioid receptors) or indirectly into the 

opioid transduction pathways when the signal is 

transmitted to a variety of effectors (e.g. adenylate 

cyclase or calcium and potassium ion channels 

named Kir3.2, KCNJ6). 

https://www.ijpsjournal.com/
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Figure.0.1 Pharmacogenetics testing for pain management. 

2]Pain Medication: - 

The Most clinical pain management options 

involve pharmacological interventions. Pain 

therapy has evolved over the years into a large 

specialty field. Ideal pain management approaches 

must provide adequate analgesia without 

excessive adverse effects. However, there are large 

interindividual differences in response to pain 

medications, concerning efficacy and the 

development of severe ADRs. Current pain 

management strategies are devised using the 

World Health Organization pain ladder, which 

begins with nonopioid medications, such as 

nonsteroidal anti-inflammatory drugs (NSAIDs), 

progresses to weak opioids, and culminates with 

strong opioids. Other pain medications include 

anticonvulsant drugs for neuralgia. Additionally, 

adjuvant therapies using antidepressant 

medications can aid in reducing chronic pain-

associated anxiety. In Taiwan, based on the 

National Health Insurance Research Database, we 

found the most frequently used drugs for pain 

management. The field of pain medications is a 

valuable one to study germline variants using a 

pharmacogenomic approach, because of the 

considerable repercussions of these medications 

on the biological, psychological, sociological, and 

economic welfare of patients. Genetic studies have 

identified several polymorphic loci that govern the 

pharmacodynamics and kinetics of analgesic 

drugs. This review aims to highlight recent 

advances in the pharmacogenomics of pain 

medicine. 

3]Pharmacogenomics in neuropathic pain 

treatment: - The Neuropathic pain is 

characterized by a complicated combination of 

positive (e.g. hyperalgesia and allodynia) and 

negative (e.g. hypoesthesia and hypoalgesia) 

symptoms and is refractory to conventional 

pharmacological agents, including morphine. 

Recently, Finnerup et al. proposed a revision of the 

NeuPSIG (Special Interest Group on Neuropathic 

Pain, from the International im Association for the 

Study of Pain) recommendations for the 

pharmacotherapy of neuropathic pain as follows: 

first-line treatment for tricyclic antidepressants, 

serotoninnoradrenalin reuptake inhibitors, 

pregabalin and gabapentin; second line for 

lidocaine patches, capsaicin high concentration 

patches and tramadol; third line for strong opioids 

and botulinum toxin A. They also stated that 

topical agents and botulinum toxin A are 

recommended only for peripheral neuropathic 

pain. In recent years, it has begun to be appreciated 

that the pathobiology of various neuropathic pain 

subtypes may differ. As an example, 

chemotherapy-induced peripheral neuropathy 

(CIPN) is a common secondary toxicity to 

neurotoxic anticancer drugs. The type of 

anticancer drug and the cumulative dose may 

impact in the incidence (possibly until 90% of 

patients for oxaliplatin), the symptoms, and the 

severity/grade of neuropathy. Recent metaanalysis 

demonstrated that among 31 studies (4179 

patients), 68% (57.7–78.4) of patients suffered of 
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CIPN 1 month after chemotherapy, 60% (36.4–

81.6) after 3 months and 30% (6.4– 

53.5) at 6 months or more. In the case of 

oxaliplatin, which is probably the most neurotoxic 

anticancer drug, neuropathy symptoms can last 

until several years after the end of the 

chemotherapy cycles (2 years in the study by 

André et al. and 8 years in the study of Yothers et 

al. Neurotoxicity mechanisms of anticancer drugs 

are not fully understood, but they may result from 

interactions with DNA, mitochondria, ion 

channels, glutamate neurotransmission and/or 

kinases, at various levels such as DRG (sensory 

neurons, Schwann cells, satellite cells), and spinal 

cord (neurons, glial cells) . CIPN is thus relatively 

distinct from other forms of neuropathic pain, 

including pathophysiology and symptomatology. 

After a systematic literature search identifying 

randomized controlled trials for the treatment of 

CIPN, it has been concluded the poor efficacy of 

these drugs in CIPN. Genetic factors may be 

important in predisposing patients to this adverse 

effect. 

3.1] Pharmacodynamics: 

The Chemotherapy-induced peripheral neuropathy 

and druginduced peripheral neuropathies (DIPNs) 

are encountered, including small-fiber 

involvement. The introduction of new diagnostic 

techniques, such as excitability studies, skin laser 

Doppler flowmetry, and PGx, holds promise for 

early detection and elucidation of underlying 

mechanisms. New approaches to improve 

functions and quality of life in CIPN patients are 

discussed. Apart from developing less neurotoxic 

anticancer therapies, there is still hope to identify 

chemoprotective agents, such as erythropoietin 

and substances involved in the endocannabinoid 

system, able to prevent or correct painful CIPNs. 

Increased susceptibility to peripheral 

neurotoxicity after exposure to offending agents 

has been associated with polymorphisms in genes 

involved in the following pathways: 

chemotherapyinduced DNA adduct repair, 

immune function (cytotoxic 

Tlymphocyteassociated protein 4), also known as 

CD152 (cluster of differentiation 152), CTLA4 

and compatible time-sharing system, reflexive 

coupling within Schwann cells (Gap Junction 

Protein, Epsilon 1, GJE1), drug binding 

(proteasome subunit beta 1, PSMB1) and neuron 

function (Transcription Factor, 4TCF4 and dynein 

cytoplasmic 1 intermediate chain 1, DYNC1I1), 

apoptosis, mitochondrial dysfunction, 

inflammation and oxidative stress scavengers such 

as glutathione S-transferase 1 (GST1). 

3.2] Pharmacokinetics 

This Chemotherapy-induced peripheral 

neuropathy has been associated with variations in 

genes encoding for drug transporters, 

detoxification enzymes, genes involved in DNA 

repair mechanisms, and integrin B3 Leu33Pro 

polymorphism. For instance, 

polymorphisms of the gene encoding ABCB1, 

have been suggested to partially explain the 

variability of taxaneinduced DIP. It should be 

noted that several other studies have been unable 

to identify relevant associations. Similarly, genetic 

variants of proteins involved in the metabolism of 

xenobiotics, for example, cytochrome 3A5, have 

been linked to increased risk of DIPN in children 

receiving vincristine. A range of polymorphisms 

has also been  identified  with  GWAS  in  

association  with  oxaliplatin, paclitaxel, 

bortezomib, thalidomide, and vincristine. Other 

genes are implicated in the cellular transport of the 

molecules (such as ABCB1) or in their 

metabolism, which aims to convert lipophilic 

chemical compounds into more readily excreted 

hydrophilic products (mainly cytochrome 

isoforms CYP2D6, CYP3A4, and CYP2B6, and a 

glucuronosyltransferase implied in morphine 

metabolism, UGT2B7) 

4] Translating pharmacogenomics discoveries 

into the clinic :- In general, PGx studies thus far 
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in pain management have failed to yield evidence 

of improved clinical outcomes associated with 

knowledge of patient genotypes when prescribing 

pain medications. Genetic factors are thought to be 

responsible for approximately 12%–60% of 

response variance in opioid treatment, as evaluated 

in twin studies. Many genes have been studied to 

identify PGx markers in opioid treatment, 

including genes implied in opioids’ 

pharmacodynamics and PK. In this review, we 

focus on those genes, although numerous genes 

have been implicated in nociception and 

inflammation, and can participate in the analgesic 

dose requirement. On an individual level, there is 

a difference in the analgesic response to a given 

opioid. Various factors such as gender, age, and 

genetic variation can affect the analgesic response. 

Opioid analgesia can be predicted from the activity 

of reward-responsive brain regions during pain as 

well as subjects' trait-reward responsiveness 

ratings. Thus, studies have shown promising 

results regarding PGx as a diagnostic tool for 

predicting the individual response to a given 

opioid in experimental settings; however, in the 

clinic, it is a more complicated task to accomplish. 

5] Factors that result in individual differences:- 

It is Individual differences have been attributed to 

environmental, psychological, and genetic factors, 

including age, gender, patient weight ethnic origin, 

hepatic or renal function, type of surgery, surgical 

methods, duration of surgery, anxiety, and 

psychological distress. In this section, we describe 

each of these factors. 

5.1] | Environmental factors: 

It’s Various environmental factors have been 

reported. Among these, advancing age has been 

shown to reduce morphine requirements because 

age has been suggested to blunt peripheral 

nociceptive function. Additionally, fentanyl use 

for pain management is more in females than in 

males. 

5.2] Psychological factors: The Many studies 

have reported associations between depression and 

pain. The prevalence of pain in depressed cohorts 

and the prevalence of depression in pain cohorts 

are higher than the prevalence when these 

conditions are examined individually. Indeed, the 

prevalence of pain in depressed patients was 

approximately 60%, and the intensity of 

depression was generally higher in patients with 

greater pain. Thus psychological distress, such as 

depressed mood and negative affect, can increase 

postoperative analgesic consumption. Moreover, 

patients who undergo emergency surgery may 

have less preoperative information and time for 

psychological preparation, resulting in increased 

requirements for postoperative analgesia. 

AIM And Objective :- 

The Pharmagenomics, the study of how genes 

affect a person’s response to drugs, plays a crucial 

role in the development of personalized medicine, 

particularly in pain management. 

The aim of pharmagenomics in this context 

includes: 

1. The Tailored Treatments: By analyzing an 

individual's genetic makeup, healthcare providers 

can select medications that are more likely to be 

effective for specific patients, reducing trialand-

error prescribing. 

2. Minimized Side Effects: Understanding genetic 

variations helps predict which patients may 

experience adverse reactions to certain 

medications, allowing for safer prescribing 

practices. 

3. Optimized Dosage: Genetic insights can guide 

dose adjustments, ensuring that patients receive 

the right amount of medication for their unique 

metabolic profiles. 

4. Targeted Therapies: Identifying specific genetic 

markers associated with pain pathways can lead to 

the development of targeted therapies that address 

the underlying mechanisms of pain. 



Farhan Khan, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 1, 549-558 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               553 | P a g e  

5. Improved Outcomes: Personalized approaches 

can enhance overall treatment efficacy and patient 

satisfaction, leading to better management of 

chronic pain conditions. 

6. Cost-effectiveness: By reducing the likelihood 

of ineffective treatments and hospitalizations due 

to side effects, pharmagenomics can contribute to 

more cost-effective pain management strategies. 

7. Research Advancements: Continued research in 

this field can lead to new insights into the genetic 

basis of pain and the development of novel 

therapeutic agents. Overall, the integration of 

pharmagenomics into pain management aims to 

create a more precise, efficient, and patient-

centered approach to treating pain. 

Literature And Review:- 

1. Introduction to Pharmagenomics in Pain 

Management.  

The Pharmagenomics combines pharmacology 

and genomics to develop personalized treatment 

strategies based on individual genetic profiles. 

Pain management, a complex and multifactorial 

area of medicine, benefits significantly from this 

approach. Variability in pain perception and 

response to analgesics can be attributed to genetic 

differences, making personalized medicine a 

promising avenue. 

2. Genetic Variability and Pain Perception 

Research has identified several genetic 

polymorphisms that influence pain sensitivity and 

response to analgesics. Key areas include: 

• Opioid Receptor Genes: Variants in the OPRM1 

gene, which encodes the mu-opioid receptor, have 

been linked to differences in opioid efficacy and 

risk of addiction. 

• Cytochrome P450 Enzymes: Genetic variations 

in CYP450 enzymes affect drug metabolism, 

influencing how patients respond to medications 

like NSAIDs and antidepressants used for pain 

management. 

• Other Pain-Related Genes: Genes such as COMT 

(involved in pain modulation) and TRPV1 (related 

to nociception) have been studied for their roles in 

pain pathways. 

3. Personalized Analgesic Strategies 

It’s Pharmagenomics data can guide clinicians in 

selecting the most appropriate analgesic regimen. 

For example: 

• Opioids: Genetic testing for OPRM1 variants can 

inform decisions about which opioid to prescribe 

and at what dosage, potentially improving pain 

control while minimizing the risk of side effects. 

• Non-Opioid Therapies: Understanding genetic 

factors influencing the effectiveness of non-opioid 

analgesics can help tailor treatments, such as 

anticonvulsants and antidepressants, for chronic 

pain conditions. 

4. Clinical Implementation 

The While the potential of pharmagenomics is 

clear, its integration into clinical practice faces 

challenges: 

• Awareness and Education: Clinicians need 

training on interpreting genetic tests and applying 

results to clinical decision-making. 

• Cost and Accessibility: Genetic testing can be 

expensive, and not all patients have access to these 

services. 

• Regulatory Issues: The evolving landscape of 

genetic testing regulations poses hurdles for 

widespread adoption. 

5. Future Directions 

This Ongoing research is essential to further 

validate the clinical utility of pharmacogenomics 

testing in pain management. Future studies should 

focus on: 

• Large-Scale Genomic Studies: Identifying 

additional genetic markers associated with pain 

and treatment responses. 

• Integration into Clinical Guidelines: Developing 

standardized protocols for incorporating 

pharmacogenomics data into pain management 

strategies. 

• Patient-Centered Approaches: Engaging patients 

in their treatment plans by providing information 
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about how genetic factors can influence their pain 

management. 

 Plan of Work:- 

It is Pharmacogenomics in Personalized Medicine 

for Pain Management To investigate and 

implement pharmacogenomic approaches to 

enhance personalized pain management, 

improving efficacy and reducing adverse effects of 

pain medications. 

Timeline:1 month 

Activities: 

- Review current literature on pharmacogenomics 

and its application in pain management. - Identify 

key genes associated with pain response and drug 

metabolism (e.g., CYP450 enzymes, OPRM1). 

- Summarize findings on how genetic variations 

influence pain perception and treatment outcomes. 

2. Stakeholder Engagement 

- Timeline: 2 weeks - Activities: 

- Engage healthcare professionals (physicians, 

pharmacists, genetic counsellors) to discuss the 

relevance of pharmacogenomics in pain 

management. 

- Conduct surveys or interviews to assess current 

practices and perceptions about genetic testing in 

pain treatment. 

3. Data Collection and Analysis 

- Timeline: 2-3 months - Activities: 

- Collect genetic samples from 

patients undergoing pain management 

therapy. 

- Analyze samples for relevant genetic variants. 

- Correlate genetic data with patient responses to 

pain medications (efficacy, side effects). 

4. Development 

of Pharmacogenomic Guidelines - Timeline: 1 

month - Activities: 

- Develop guidelines for clinicians on 

interpreting pharmacogenomic data in pain 

management. 

- Create a decision-making framework 

for selecting pain medications based on 

genetic profiles. 

  

5. Implementation of Pharmacogenomic 

Testing  

- Timeline: 3-6 months - Activities: 

- Pilot a pharmacogenomic testing program in a 

clinical setting. 

- Train healthcare staff on the 

use and interpretation of 

pharmacogenomic data. 

- Monitor patient outcomes before and after the 

implementation of testing. 

6. Evaluation and Feedback 

- Timeline: 2 months - Activities: 

- Evaluate the impact of pharmacogenomic testing 

on pain management outcomes 

(pain relief, side effects, patient satisfaction). 

- Gather feedback from patients and 

clinicians to assess usability and effectiveness 

of the guidelines. 

7. Dissemination of Findings 

-Timeline: 2 months - Activities: 

-Prepare a report detailing the study’s findings and 

implications for clinical practice. 

-Present results at relevant 

conferences and publish in peerreviewed 

journals. 

- Create educational materials for 

patients about pharmacogenomics and 

personalized pain management. 

8. Future Directions 

- Timeline: Ongoing - Activities: 

- Explore additional genetic markers and their 

potential role in pain management. - Investigate 

the long-term effects of pharmacogenomic-guided 

therapies on pain management outcomes. 

- Develop partnerships for broader implementation 

in different healthcare settings 

Method and Procedure: -  

1. Study Design 
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• Type: Observational cohort study. 

• Setting: Clinical pain management centers. 

• Participants: Patients with chronic pain receiving 

pharmacological treatment. 

2. Informed Consent 

• Obtain informed consent from participants, 

explaining the purpose, procedures, potential risks, 

and benefits of genetic testing. 

3. Baseline Assessment 

• Demographic Data: Collect information on age, 

sex, ethnicity, medical history, and pain 

characteristics. 

• Pain Assessment: Use validated scales (e.g., 

Numeric Rating Scale, McGill Pain 

Questionnaire) to quantify pain levels and impact 

on quality of life. 

• Medication History: Document current and past 

pain management medications, dosages, and 

treatment outcomes. 

4. Genetic Testing 

• Sample Collection: 

O Collect saliva or blood samples for DNA 

analysis. 

O Use appropriate kits for sample 

collection and preservation. 

• Genetic Analysis: 

O Utilize next-generation sequencing (NGS) or 

polymerase chain reaction (PCR) to analyze 

specific genes associated with pain response (e.g., 

CYP450 variants, 

OPRM1, COMT). 

O Identify genetic variants that may influence drug 

metabolism, efficacy, and side effects. 

5. Data Integration and Interpretation 

• Pharmacogenomic Profiling: 

O Integrate genetic test results with patient 

demographics and clinical data. o Use 

bioinformatics tools to interpret genetic variants 

and predict responses to pain medications. 

• Clinical Decision Support: 

O Develop algorithms or decision-support tools 

for clinicians to guide medication selection based 

on pharmacogenomic profiles. 

6. Implementation of Pharmacogenomic 

Recommendations 

• Medication Adjustment: 

O Based on genetic findings, adjust medication 

regimens (e.g., select alternative medications, 

modify dosages). 

• Monitoring: 

O Regularly monitor patient responses to 

medication changes, including pain levels, side 

effects, and overall satisfaction. 

7. Follow-Up Assessment 

• Short-Term Follow-Up: Assess patient outcomes 

1-3 months after implementing 

pharmacogenomic-guided therapy. o Use pain 

assessment tools to evaluate changes in pain levels 

and quality of life. o Collect feedback on patient 

satisfaction and any adverse effects. 

• Long-Term Follow-Up: Conduct assessments at 

6 months and 12 months to evaluate sustained 

efficacy and safety. 

8. Data Analysis 

• Statistical Methods: 

O Use appropriate statistical analyses (e.g., 

regression analysis, ANOVA) to compare pain 

management outcomes before and after genetic 

testing. o Assess the correlation between genetic 

variants and clinical outcomes. 

• Outcome Measures: 

• Primary: Changes in pain intensity and quality of 

life. 

O Secondary: Frequency of adverse drug 

reactions, patient satisfaction ratings. 

9. Reporting and Dissemination 

• Compile findings into a comprehensive report. 

• Present results at medical 

conferences and submit for publication in 

peer-reviewed journals. 
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• Create educational materials for 

patients and clinicians regarding the role 

of pharmacogenomics in pain management. 

10. Ethical Consider actions 

• Ensure confidentiality of genetic information. 

• Address potential ethical concerns related to 

genetic testing and its implications for treatment. 

 CONCLUSION 

the clinically useful pharmacogenomics tests 

currently available for pain therapy are more direct 

toward at predicting drug toxicity or dose 

adjustment. More studies are needed to identify 

genetic variants that determine drug efficacy of 

pain medications. This area of research is likely 

rapidly accelerating with the reducing cost of 

nextgeneration sequencing and well-established 

bio banking system 
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