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Objectives

1. Define pharmacogenomics and other key terms for basic understanding of genetics 

and personalized medicine.

2. Describe how variations in genes affect individual response to psychiatric 

medications.

3. Learn to interpret pharmacogenomics testing results and to use that information to 

guide clinical decision-making.

4. Provide resources for guidelines, further information, and application of 

pharmacogenomics testing in practice
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What is Personalized Medicine?

• NIH: National Genome Research Institute:

Personalized medicine is an emerging practice of medicine that uses an 

individual's genetic profile to guide decisions made in regard to the prevention, 

diagnosis, and treatment of disease. Knowledge of a patient's genetic profile 

can help doctors select the proper medication or therapy and administer it 

using the proper dose or regimen. Personalized medicine is being advanced 

through data from the Human Genome Project.

Retrieved from: https://www.genome.gov/genetics-glossary/Personalized-

Medicine
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What is Precision Medicine?

• According to the Precision Medicine Initiative, precision medicine is "an emerging 

approach for disease treatment and prevention that takes into account individual 

variability in genes, environment, and lifestyle for each person." This approach will 

allow doctors and researchers to predict more accurately which treatment and 

prevention strategies for a particular disease will work in which groups of people. It is 

in contrast to a one-size-fits-all approach, in which disease treatment and prevention 

strategies are developed for the average person, with less consideration for the 

differences between individuals.

• Data Driven

Retrieved from: https://ghr.nlm.nih.gov/primer/precisionmedicine/definition 7



Pharmacogenomics

“Pharmacogenomics is the study of how genes affect a person’s response to drugs. This 

relatively new field combines pharmacology (the science of drugs) and genomics (the 

study of genes and their functions) to develop effective, safe medications and doses that 

will be tailored to a person’s genetic makeup.”

Retrieved from: 

https://ghr.nlm.nih.gov/primer/genomicresearch/pharmacogenomics
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Clinical Goals

Pharmacogenomics

AVOID
Adverse Drug 

Reactions

MAXIMIZE
Drug efficacy

SELECT
Responsive 

Patients
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Why it matters?
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• Drugs don't work the same way for 
everyone. 

• It can be difficult to predict response to a 
drug.

• Adverse drug reactions are a significant 
cause of hospitalizations and deaths in the 
United States. 

• With the knowledge gained from the 
Human Genome Project, researchers are 
learning how inherited differences in 
genes affect the body’s response to 
medications. 



• Single nucleotide polymorphisms, 
frequently called SNPs are the most 
common type of genetic variation among 
people. 

• Most SNPs have no effect on health or 
development. 

• Some of these genetic differences have 
proven to be important in the study of 
human health. 

• SNPs that may help predict an individual’s 
response to certain drugs, susceptibility to 
environmental factors such as toxins, and 
risk of developing particular diseases. 

• SNPs can also be used to track the 
inheritance of disease genes within 
families

Single Nucleotide Polymorphisms
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• Natural variations (DNA polymorphisms) play a role in our risk of getting or not getting 

certain diseases 

• External factors such as environment, diet, and exercise, along with polymorphisms 

can also determine an individual’s risk for disease

• Natural genetic variations can, in part, determine drug efficacy 

• Variations in DNA can lead to differences in pharmacodynamics and 

pharmacokinetics in the individual patient

• Based on the patient’s individual genetic expression, biomarkers and DNA 

microarrays can help detect the best medication for the patient.
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Pharmacokinetics vs Pharmacodynamics

Pharmacokinetics: 

• What the body does to the drug: getting the drug in and back out:

• Impact of gene variation on active vs pro-drugs. 

• Factors that influence the concentration of the drug that reaches the target. Where in 

the pharmacological pathway the variants impact

Pharmacodynamics: What the drug does to the body. Factors at the target or 

“downstream” that can influence drug response.
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Genetic Polymorphisms

Pharmacokinetic

Absorption

Excretion

Metabolism

Distribution

Pharmacodynamics

Receptors

Ion 
Channels

Immune 
System

Enzymes
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Individual Response

Footer 16



Pharmacologic Variability

• Genetics:

Polymorphisms – Receptors, transporters, and enzymes

• Lifestyle:

Diet, Alcohol, tobacco use, other drug therapy/supplements

• Reduced Drug Elimination/Pathology:

Hepatic Function, Renal Function

• Physiology:

Sex, Age
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SHOULD I ORDER A PHARMACOGENOMICS TEST?

Ask: What will I do with the results? Will it impact how I treat my patient?

Pre-emptive Approach: “Screening” Test everyone (Used in larger research-focused 
health centers such as Mayo Clinic, Mount Sinai, St. Jude, University of Chicago)

Case-Based Approach: Planning on starting a new medication 

• Guide dosage selection, drug selection, ensure drug efficacy

• Avoid serious adverse reactions such as a known drug-gene relationships associated 
with severe toxicity (HLA-B*58:01 allele have an increased risk of Stevens Johnson 
Syndrome (SJS) and toxic epidermal necrolysis (TENS) when treated with lamotrigine 
or allopurinol. 

Reflexive Approach: 

• Unexplained sensitivities or toxicities

• History of multiple medication trials with poor efficacy

• Assistance in making a more informed decision on medication selection or dose (i.e. 
antidepressant, delayed onset, cost of medications, etc.)
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What does this have to do with psychiatry and ABI?

Footer 19



Mental Health and Acquired Brain Injury

Factors that may adversely influence the mental health of a person with brain injury can 
be seen at a number of levels:

• Direct effects of brain injuries (eg. cognitive and motor disturbances, emotional 
disorders, increased impulsivity, depression, rigidity, hyperactivity) may precipitate 
mental health difficulties.

• Longer-term implications of the effects of brain injury may result in profound 
personality changes.

• Changes in capabilities and competencies post injury may increase the likelihood of 
depression for people with ABI.  Suicide rates are 2-3 X higher among people with 
brain injuries than the general population, especially in the first 6 months post injury.

• Brain injury is often a catastrophic, life-changing event for individuals and their 
families. This may predispose them to significant depressive reactions and feelings of 
social isolation, helplessness and hopelessness.

• Pre-injury social functioning, alcohol use, previous psychiatric problems and family 
history, all influence mental health.
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Psychiatric/Mental Health Co-morbidity in 

ABI/Neurodevelopmental Disorders 
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ABI/Neurodevelopmental 
Disorders

Mood Disorders

Anxiety 
Disorders

Personality 
Disorders

Behavior 
Disorders

Autism 
Spectrum 
Disorder

ADHD

Neurocognitive 
Disorders 

Psychotic 
Disorders



Challenges in prescribing

• Incomplete records

• Individual may be a poor historian/ Family or guardian may not know history

• Disjointed and interrupted treatment history

• Unknown family history

• Poor insight 

• Inability to identify or verbalize treatment response and/or side effects

• Polypharmacy

• Multimorbidity
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Polypharmacy

Individuals in residential treatment facilities:

• Have severe and chronic disorders

• Have received a variety of treatments in the past and are often taking several 

psychotropic medications

• During brief hospital stays, medications are often used to quickly stabilize patients. 

• During repeated admissions, medications often accumulate. New medications are 

added, while past medications may be continued for no apparent reason. 

• For example, Connor et al. (1997) found polypharmacy in 60.3% of patients admitted 

to an RTF. 

• One factor associated with polypharmacy was the number of previous psychiatric 

placements.



Multimorbidity

The presence of two or more long-term health conditions

Medication Safety in Polypharmacy: WHO 

https://apps.who.int/iris/rest/bitstreams/1235792/retrieve
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Defined physical and Mental 
Health Conditions

(Diabetes or Schizophrenia)

Ongoing Conditions

(Learning Disabilities)

Symptom Complexes

(Frailty or Chronic Pain)

Sensory Impairment

(Sight/Hearing Loss) 

Alcohol and 
Substance Misuse



Other Drug-Drug Interactions

• A patient on several medications known to prolong the QT interval remains a risk for 

medication induced ‘Torsade de pointes’ despite having normal pharmacogenomics 

results.

• In the case of phenoconversion, an inhibitor or inducer may alter the function of an 

enzyme (fluoxetine, paroxetine)
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Case Study: Charles

56 year old Black male 6’ 0” 260lbs

• TBI r/t MVA 1984 and 2 additional ABIs r/t seizures 2018

• Impairments r/t head injuries: delayed speech, narcolepsy, psychomotor retardation, 
balance issues and mobility impairments with hx of falls

• Incarcerated r/t assault charges

• Schizoaffective Disorder-depressed with active auditory hallucinations

• Alcohol Use Disorder

• Hypertension

• Hyperlipidemia

• Angina Pectoris

• GERD

• Asthma

• Dystonia

• Chronic Low back pain, knee pain, arthralgia

• Insomnia

• Obesity

• Allergies: Latex, Bee Stings, Bananas 
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Multimorbidity

The presence of two or more long-term health conditions

Medication Safety in Polypharmacy: WHO 

https://apps.who.int/iris/rest/bitstreams/1235792/retrieve
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Medications upon admission

Amlodipine 5mg 1 tab PO q AM for hypertension

Avorstatin 20mg 1 tab PO q hs for hyperlipidemia

Diphenhydramine 50mg q hs for insomnia

Doxazosin 2mg q hs for hypertension

Metoprolol ER 100mg 3 tabs q AM for chronic left Diastolic Heart Failure

Fluticasone-salmeterol 230-21mcg 2 puffs bid

Furosemide 40mg daily for hypertension

Gabapentin 1200 mg tid for arthralgia

Lisinopril 40mg daily for hypertension

Hydralazine 50mg 1 tab PO bid for hypertension

Omeprazole 20mg ER 20mg daily for GERD

Risperidone 1mg q hs for schizophrenia

Trazodone 100mg q hs for insomnia

Venlafaxine EX 300mg q AM for depression

Acetaminophen 650mg q 4 hours PRN for knee pain

Cyclobenzaprine 10mg 1 tab PO PRN for muscle back spasm 

Ibuprofen 600mg q 8 hours PRN for Arthralgia

Nitroglycerin SL 0.4mg 1 tab q 5 min up to 3 doses PRN for chest pain
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Past Medications (per records available)

Diphenhydramine 50mg q hs

Risperidone 1 mg q AM and 3mg q hs

Trazodone 200mg q hs

Venlafaxine XR 300mg q AM

Fluoxetine 40mg q AM

Clonidine 0.1mg tid
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CHARLES

• Initial Insomnia

• Voices

• No Interest

• No Enjoyment

• No Motivation

STAFF

• Insomnia

• Napping during the day

• Flat Affect

• Irritability

• Low tolerance for peers

• Lack of Motivation

Concerns/Symptoms
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Medications upon admission

Amlodipine 5mg 1 tab PO q AM for hypertension

Avorstatin 20mg 1 tab PO q hs for hyperlipidemia

Diphenhydramine 50mg q hs for insomnia

Doxazosin 2mg q hs for hypertension

Metoprol ER 100mg 3 tabs q AM for chronic left Diastolic Heart Failure

Fluticasone-salmeterol 230-21mcg 2 puffs bid

Furosemide 40mg daily for hypertension

Gabapentin 1200 mg tid for arthralgia

Lisinopril 40mg daily for hypertension

Hydralazine 50mg 1 tab PO bid for hypertension

Omeprazole 20mg ER 20mg daily for GERD

Risperidone 1mg q hs for schizophrenia

Trazodone 100mg q hs for insomnia

Venlafaxine EX 300mg q AM for depression

Acetaminophen 650mg q 4 hours PRN for knee pain

Cyclobenzaprine 10mg 1 tab PO PRN for muscle back spasm 

Ibuprofen 600mg q 8 hours PRN for Arthralgia

Nitroglycerin SL 0.4mg 1 tab q 5 min up to 3 doses PRN for chest pain
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Legal and Ethical Implications

• Potential legal and ethical questions always arise with new technology and 

treatment options

• Who should have access to a person’s genetic profile? 

• How will we protect genetic privacy and prevent genetic discrimination in the 

workplace and in our health care? 

• How will we as consumers use genetic information to our benefit?
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Guidelines and Resources

• PharmGKB (PharmGKB.org) : 
Pharmacogenomics Knowledge 
Base

• CPIC (CpicPGx.org): Clinical 
Pharmacogenetics  
Implementation Consortium: 
provides evidence-based 
guidelines.

• FDA: Provides specific 
pharmacogenomics/drug-gene 
interaction in the drug labeling.

Research

• PGRN.org: 
Pharmacogenomics 
Research Network

• PharmVar.org

• www.ncbi.nlm.nih.gov/Clin
Var

• https://gnomad.broadinstit
ute.org

Pharmacogenomics Resources
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Drug Labeling

FDA Drug labeling may contain information on genomic biomarkers:

• Drug exposure and clinical response variability

• Risk for adverse events

• Genotype-specific dosing

• Mechanisms of drug action

• Polymorphic drug target and disposition genes

• FDA Label database features allow navigation of drug labeling information. A total of 

261 drugs and 362 drug–biomarker pairs (DBPs) were identified. DBPs can be 

categorized into Indication, Safety, Dosing and Information.

Retrieved from: https://www.fda.gov/drugs/science-and-research-drugs/table-

pharmacogenomic-biomarkers-drug-labeling
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Limitations of Testing

• Reimbursement pathway of testing not established

• Ethical issues with genetic testing and data sharing

• Integration of pharmacogenomics, personalized medicine, and the payer 

and regulatory environment is still ongoing

• Clinician are generally not educated concerning available tests, associate 

drugs, and outcomes

• The response to a medication may be a result of the interactions of multiple 

genes
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Review

• Pharmacogenomics is the study of how genes affect a person’s response to drugs.

• Precision Medicine is data driven and takes into account variability in genes, environment, 
and lifestyle.

• The goal of pharmacogenomics testing is to avoid adverse side effects, maximize drug 
efficacy, and select responsive patients.

• Pharmacogenomic testing can improve pharmacotherapy by identifying patients at an 
increased risk of having no response when prescribed a medication, and/or at an increased 
risk of experiencing drug-induced toxicities.

• Useful resources for finding how genetic variations affect response to medications are: 
PharmGKB, CPIC (Clinical Pharmacogenetics Implementation Consortium), and FDA Table 
of Pharmacogenomic Biomarkers in Drug Labeling. 

• One primary limitation of pharmacogenomic testing is that clinicians are not generally 
educated concerning available tests, associated drugs, and outcomes. 
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