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Precision medicine and pharmacogenomics  
in community and primary care settings

Over the last 50 years, the scientific and medical community has 
seen the field of pharmacogenomics and precision medicine grow 

from concept to developing research discipline to an integral part of 
medical practice and application. Pharmacogenomics is the facet of 
clinical genomics that will eventually touch every patient in clinical 
practice. 

Since ancestral genetic testing became widely available in large chain retail 
stores, individuals have had access to their unique genetic makeup, with infor-
mation that reveals more about themselves than they have ever had before. As 
fascinating as a personalized ancestral history may be, however, there is little use 
for this information from a clinical standpoint in precision medicine. For example, 
there is more than a 20% difference in prevalence rates between African Americans 
and African/Ethiopians for being a CYP2D6 ultrarapid metabolizer, which could 
potentially mean the difference between a normal response to codeine or a fatal 
one.1 However, there is no way to guarantee an individual’s genotype without test-
ing for it. 

Today, we now know that variability within populations of the same ancestral 
history can occur because of a number of factors, including drug–drug interac-
tions, age, organ dysfunction, and pharmacogenomics. The Precision Medicine 
Initiative describes precision medicine as “an emerging approach for disease treat-
ment and prevention that takes into account individual variability in genes, envi-
ronment, and lifestyle for each person.” Pharmacogenomics—often also referred 
to as pharmacogenetics—is a major part of precision medicine because it is the 
study of how a person’s genetic makeup affects their response to medications.1 
Using the concepts of precision medicine and pharmacogenomics, we can predict 
treatment and prevention strategies more accurately to ensure that medications 
are safe and effective. 

Although many of the concepts and genetic variations were discovered more 
than 30 years ago, it has only been with the convergence of genomic technology 
and the electronic health record (EHR) that we now have the tools to utilize this 
science in clinical application. The EHR plays a critical role in the clinical use of 
pharmacogenetic testing because it is needed as the receptacle of the genetic infor-
mation. It also provides the information to the medical provider at the correct time 
during point-of-care treatment. 
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As logical as it may seem to pharmacists that we have the 
knowledge, skills, and expertise to be leaders in the field 
of pharmacogenetics, there has been ongoing research on 
and development of the best model for the safe and ethical 
delivery of pharmacogenetic information to the public. On 
March 2, 2016, FDA held a public workshop, “Patient and 
Medical Professional Perspectives on the Return of Genetic 
Test Results.” The purpose of this workshop was to under-
stand and better define the specific information patients 
and providers prefer to receive, how those results should 
be returned, and what information is needed to understand 
the results so that they may be used effectively in medical 
decision making.3 The panel and participants consisted of 
FDA representatives, physicians, geneticists, and faculty 
members from prestigious schools of medicine. Only one 
pharmacist was present to share the value that pharmacists 
could bring to the medical team in the delivery and effective 
use of pharmacogenetic test results. 

The presentation was well received such that it led to mul-
tiple meetings with different groups within FDA and finally 
with the White House Office of Science and Technology. As 
a result of recent changes in the Administration, there has 
been a change in priority and focus in the White House; 
however, efforts continue to ensure that pharmacists have a 
seat at the table in the precision medicine and pharmacoge-
nomics initiative. 

Developing and implementing  
a pharmacogenomics program
Regardless of the current landscape in which pharmacists 
may be recognized as leaders in this field, there is an urgent 
need for all pharmacists to be knowledgeable about the 
basics of pharmacogenetic testing and application of the test 
results. Growth in any technological science occurs rapidly, 
and pharmacists cannot afford to be caught off-guard when 
pharmacogenetic testing becomes mainstream in the com-
munity. Whether the setting is community pharmacy, pri-
mary care clinic, or institutional, many decisions need to be 
made when developing and initiating a pharmacogenom-
ics program. Following are three important considerations 
when initiating a pharmacogenetics program at your site.

Selecting the right approach 
Determining which patients should be the target popula-
tion for your program is an important initial step because 
it sets the foundation for the policies, procedures, workflow, 
and complete coordination of care. Three main approaches 
are commonly used in a model pharmacogenetic program: 
preemptive, semi-preemptive, and reactive. Preemptive 
pharmacogenetic testing aims to optimize medication use 
by having genetic information at the point of prescribing for 
all patients regardless of demographic or risk parameters. 
Semi-preemptive pharmacogenetic testing uses the same 
principle except for a specifically defined “at-risk” popula-
tion. 

In both approaches, prescribers have the patient’s genetic 
results before a medication is needed. Reactive pharma-
cogenetic testing occurs after the patient has already been 

At present, we have evidence-based clinical guidelines 
for drug–gene cases with clinical utility. A challenge with 
implementation is the capabilities of the EHR. Medical cen-
ters today are using the EHR to notify physicians with clini-
cal decision support (CDS) alerts at the point-of-care. If a 
genetic test is not on file, the CDS alert asks the provider, 
“Would you like to order a genetic test?” 

However, is this really the best model for the most use 
of the science? Ideally, the patient has already received a 
genetic test preemptively, and their results are embedded in 
the EHR as part of their medical profile. Once the medical 
provider prescribes a medication with demonstrated phar-
macogenetic clinical utility, the CDS alert informs the pro-
vider that the medication prescribed at the standard dose 
has an increased risk of severe adverse effects, or perhaps 
that it would be ineffective because of the genetic varia-
tions affecting patient response. Some medical centers have 
already adopted this new model of clinical decision support 
alerts, including both the Mayo Clinic and Mount Sinai in 
New York, and the journey has just begun. By increasing 
both access to and feasibility of pharmacogenetically based 
clinical guidance, prescribers can make immediate clinical 
decisions and provide the best treatments for their patients 
right from the start.2

We developed this document as community pharmacists 
with extensive experience providing pharmacogenetic test-
ing in the community and primary care setting and person-
alized education and training of other community phar-
macists. The journey of pharmacogenetics in community 
pharmacy includes early adoption of genetic testing for a 
single gene or single drug and has expanded to the broad 
gene panel tests of today, which may cover more than 200 
medications. 

Preassessment questions
Before participating in this activity, test your knowledge by 
answering the following questions. These questions will also be 
part of the CPE assessment.  

1. Which guideline is considered to be the “gold standard” of 
pharmacogenetic guidelines?
a. Pharmacogenomics Knowledge Base (PharmGKB)
b. Dutch Pharmacogenetics Working Group (DPWG)
c. Clinical Pharmacogenetics Implementation Consortium 

(CPIC)
d. Pharmacogenomics Research Network (PGRN)

2. CYP enzymes are primarily found in which of the following 
organs:
a. Liver
b. Small intestine
c. Lungs
d. Kidneys

3. CPIC guidelines recommend that ultrarapid metabolizers 
avoid use of codeine for the following reasons:
e. Patients are unable to get the analgesic effect.
f. Patients may require higher doses.
g. Patients may have an increased risk for adverse effects.
h. Patients may experience a higher risk for toxicity.
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diagnosed or an event has occurred and the patient requires 
a treatment that may have a pharmacogenetic implication. 
The major influencer in choosing between these approaches 
is cost. Most clinicians would agree that if the “blueprint” of 
our genetic information, complete with drug–gene implica-
tions, were readily available, it would be very valuable in 
both daily practice and in crisis situations where emergent 
treatment is needed. 

The challenge becomes, who will pay for it? A few years 
ago, many insurance plans paid for this service—with aston-
ishing reimbursements of around $10,000—but the clinical 
utility was minimal, and coverage soon ceased when pay-
ers saw no benefits. In working with primary care providers 
in our community, we came across stacks of pharmacoge-
netic test results that were not reviewed or utilized. When 
surveying these physicians, we learned that barriers to use 
included a lack of time to review lengthy test results and the 
lack of another high-level clinician in their office with the 
time to review these data on their behalf. By using a phar-
macist trained in pharmacogenetics, our pharmacy was able 
to assist these providers in reviewing the results and identi-
fying significant pharmacogenomic markers that may affect 
patient outcomes. 

Currently, there is very limited insurance coverage for 
pharmacogenetic testing. However, because the cost has 
decreased significantly in recent years, now ranging from 
$200 to $500 depending on the size of the gene panel, indi-
viduals have been paying for the test themselves. 

Following are recommendations for selecting the testing 
approach with the best fit for your organization. 

 ■ Compare the drugs on the FDA list with a high level of 
evidence and strong recommendations with the medica-
tions currently prescribed in your clinic or pharmacy’s 
database. For example, if you know you’ve prescribed 
X number of clopidogrel, then use prevalence factors 
to determine the potential impact you would have on 
patients taking this medication. If approximately 40% 
of CYP2C19 carriers are intermediate metabolizers and 
poor metabolizers and you have 200 patients on clopi-
dogrel, then you potentially have 80 patients who could 
be affected by testing to avoid readmission or recurrent 
thromboembolic event. On the basis of cost of readmis-
sion or other surrounding events, this information can 
be used to build a business case for a pharmacogenetic 
program.

 ■ Outside of the most common drug–gene implications, 
it may be relevant to your patient population to include 
genetic testing on rare yet significant genes with a high 
impact on morbidity and mortality. For example, HLA-
B 15:02 and carbamazepine is a rare drug–gene impli-
cation most commonly found in Asian patients.5,6 The 
implication is fatal. For clinics or pharmacies that serve 
a majority of Asian patients, this may be an important 
gene to include on the genetic panel for testing. 

Selecting the right lab partner or testing provider 
Because a number of different tests are currently available on 
the market, you will need a process to determine which lab 

company or testing panel is the right fit for your program’s 
needs. The most important consideration when selecting a 
lab partner is to ensure the lab has the right infrastructure 
to support the needs of your organization. After performing 
an internal needs assessment, you may determine the need 
for education and training, clinical support, flexible spend-
ing accounts/health savings accounts eligibility, or drug 
information reference support. 

When interviewing candidates, it is important to make 
sure the lab offers a testing panel that covers the class of 
drugs that fits the needs of your patient population. To 
ensure the quality of test results and answer any questions 
you might have about your patient’s test results, choose a lab 
partner that is certified by the appropriate governing bodies 
so you can rely on the data as well as the lab’s support team 
that interprets the data.

Obtaining training and education 
There seems to be a general consensus that although phar-
macists are highly trained and educated in pharmacokinet-
ics, pharmacodynamics, and pharmacogenetics, the full 
application of these principles as part of daily practice may 
be lacking, and additional training and education may be 
required for best practices. Using the appropriate evidence-
based resources is important for all pharmacists practicing 
in this field. A pharmacogenetic pharmacist does not have 
to know everything, but he or she must know where to find 
resources and information. Because pharmacists perform 
pharmacogenetic medication reviews with patients and 
their medical providers, they need to be able to translate 
complex information into an understandable and usable 
form. Drug prescribing and dosing suggestions using an 
evidence- and rule-based approach are essential when com-
municating recommendations to providers. 

Resources are available to support all clinicians work-
ing in this field in the translation of pharmacogenetic 
concepts. Two commonly used resources include the 
Pharmacogenomics Knowledge Base (PharmGKB) and the 
Clinical Pharmacogenetics Implementation Consortium 
(CPIC). Together, these resources provide excellent tools for 
clinicians in pharmacogenetic translation and implementa-
tion in patient care.4

 ■ PharmGKB is a database of pharmacogenetic informa-
tion that encompasses numerous resources, including 
genotype-based drug dosing/prescribing guidelines, 
drug labels with biomarker information, pharmacoki-
netics and pharmacodynamics drug-centric pathways, 
and summaries of important pharmacogenetics associa-
tions.4 The database is able to compile available primary 
and secondary data for genes as well as medications.

 ■ CPIC, a shared project of PharmGKB and the Phar-
macogenomics Research Network (PGRN), is known 
among experts in the field as the “gold standard” of phar-
macogenetic guidelines. These guidelines address the 
need for practice guidance that enables the translation 
of genetic results into actionable prescribing decisions 
for specific medications. CPIC guidelines were written 
with the intent that patient genotypes are already avail-
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able and do not provide recommendations as to whether 
to perform a pharmacogenetic test. CPIC guidelines are 
cited by the National Institute of Health’s Genetic Test 
Registry and are endorsed by the American Society of 
Health System Pharmacists and the American Society 
for Clinical Pharmacology and Therapeutics.7  

Clinical application for the top disease 
states pharmacists may encounter
The following clinical section is not meant to address deci-
sions about whether or not to test a patient, but rather to 
provide the recommended actions from evidence-based 
guidelines if the patient’s genetic information is known. 
The clinical application for pharmacogenetics is a broad 
topic that touches on many disease states and specialties. 
We have narrowed the drug–gene implications to those that 
have been shown to have clinical utility and those we have 
commonly encountered through our work in providing 
pharmacogenetic reviews to more than 400 patients in the 
community and primary care settings.8,9 

When most clinicians think of genetic testing, use in 
the field of oncology has been most promising; however, 
despite such advances, there is still not much clear integra-
tion between genomics and clinical practice.9 In addition, 
some patients often confuse genetic testing for risk of cancer 
with pharmacogenetic testing for medication utilization. As 
we discuss a patient’s pharmacogenetic results for a panel 
of medications, it’s important to take the time to educate 
patients and distinguish between a pharmacogenetic test 
and other genetic testing, which can assess the patient’s risk 
for disease. Another important disclaimer to share with 
patients is that a pharmacogenetic test is only one piece 
of the puzzle. Many other factors affect drug metabolism 
and drug transport from one organ system of the body to 
another. An individual’s liver function, kidney function, eat-
ing habits, smoking status, gender, age, and current medica-
tion list can all affect a person’s drug response. 

Most genes reported in a pharmacogenetic test are phar-
macokinetic genes that provide insight on how an indi-
vidual metabolizes a drug. However, some genes code for 
transporters or enzymes that affect a drug’s pharmacody-
namics. As a pharmacist works with patients to provide 
pharmacogenetic reviews, it is important for pharmacists to 
understand the difference and to be able to explain that dif-
ference clearly and concisely to patients. 

CYP450 has more than 50 enzymes that are essential 
for the metabolism of many medications. However, these 
six—CYP 1A2, 2C9, 2C19, 2D6, 3A4, and 3A5—metabolize 
90% of drugs.9–11 Although these enzymes are found pri-
marily in the liver, they also occur in the small intestine 
(reducing bioavailability), lungs, placenta, and kidney.11 
Genetic polymorphisms in these enzymes may influence 
a patient’s response to commonly prescribed medications, 
including beta blockers, antidepressants, warfarin, clopido-
grel, opioids, NSAIDs, and proton pump inhibitors (PPIs). 
Non-CYP–related genetic implications include catechol-O-
methyltransferase (COMT) for ADHD medications and the 
transporter protein SLCO1B1 for statins. Knowledge of the 

most important drugs metabolized by CYP450 enzymes and 
potent CYP inducers and inhibitors can help minimize the 
possibility of adverse drug events or poor efficacy. 

Psych: Antidepressants and antipsychotics
In psychiatry, there has been considerable interest centered 
on pharmacogenetics to predict drug response, especially 
since the major CYP450 classes account for 60% of the psy-
chiatric drug metabolism.12 Despite the potential of psychi-
atric pharmacogenomics to reduce adverse events, optimize 
drug dosing, and guide treatment decisions, clinicians have 
been slow to accept it. As pharmacists emerge as leaders 
in this field, it will be crucial to know the evidence-based 
guidelines for the most widely used psychiatric medication, 
such as SSRIs and tricyclic antidepressants (TCAs), for the 
utility of pharmacogenetic testing to potentially reduce suf-
fering from depression, decrease the delay in effective treat-
ment, and avoid adverse reactions. 

Treatment of depression and psychiatric disorders can be 
very complex, so as a clinician working with these patients, 
a pharmacogenetic report may provide insight for a good 
starting point. Continuing to treat the patient on the basis of 
patient response and clinical judgment will also play a role 
in the proper course of individualized treatment. 

 For the purposes of this discussion, we have narrowed 
the drug classes to focus on two main groups, TCAs and 
SSRIs. However, many other classes of antidepressants and 
antipsychotics also have clinical utility in pharmacogenetics. 

Amitriptyline, classified as a TCA, is used in the treatment 
of several psychiatric disorders, including major depres-
sion, obsessive–compulsive disorder (OCD), panic attacks, 
generalized anxiety disorder, posttraumatic stress disorder, 
and bulimia. Amitriptyline has many off-label uses as well, 
including treatment for migraine and fibromyalgia and as a 
sleep aid. The primary metabolic pathway for amitriptyline 
is through CYP2C19 and CYP2D6; however, clinicians focus 
mainly on CYP2C19 because this pathway leads to another 
active TCA metabolite, nortriptyline. Although metabo-
lism through CYP2D6 results in a less active metabolite, it 
is important to consider this pathway because it may cause 
a disequilibrium with CYP2C19, depending on the overall 
phenotypic status of the patient. This has led to the FDA-
approved amitriptyline drug labeling stating that CYP2D6 
poor metabolizers may have higher-than-expected plasma 
concentrations of TCA at usual doses. FDA further recom-
mends monitoring plasma concentrations whenever a TCA 
is coadministered with a CYP2D6 inhibitor.12 

Interestingly, CYP2C19 is not mentioned on the FDA-
approved drug label, but CPIC guidelines include dosing 
recommendations for TCAs based on both CYP2C19 and 
CYP2D6 genotypes.13 The CPIC guidelines for both pathways 
include specific dosing guidance information for reduc-
ing or increasing the starting dose, based on the patient’s 
phenotype. Use of a TCA is avoided in CYP2D6 ultrarapid 
metabolizers for lack of efficacy and in poor metabolizers 
because of the potential for adverse effects. The CPIC guide-
lines recommend avoiding tertiary amines like amitripty-
line in ultrarapid and poor metabolizers of CYP2C19 as well; 
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however, the reasons are reversed.14 
In summary, for patients who may be candidates for ini-

tiation on a TCA, it is recommended to consider their meta-
bolic status for both CYP2D6 and 2C19. On the PharmGKB 
website for amitriptyline under the PGx prescribing info 
section, a useful table provides recommendations on a com-
bined CYP2D6 and 2C19.  

Patient case #1
A.O. is a 34-year-old female patient receiving her pharmacogenetic 
review with her community pharmacy. After confirming her current 
medication list, the pharmacist finds no pharmacogenetic implica-
tions for these medications. As part of preventive care counseling, 
the pharmacist informs the patient of medications that could have 
major genetic implications if she were prescribed them in the future. 
The pharmacist shows the patient the section on antidepressants in 
her profile, which indicates strong drug–gene implications with ami-
triptyline and other TCAs. The patient tells the pharmacist that she 
had taken amitriptyline in the past for neuropathy after a knee injury. 
After one dose, she experienced hallucinations. Her physician said 
that she must have taken too much or the pharmacy gave her the 
wrong dose. The pharmacist explains that the patient is a CYP2C19 
ultrarapid metabolizer. How would the pharmacist best explain what 
likely happened to the patient after one dose of amitriptyline? 

A potential pharmacist response is “amitriptyline gets changed 
into strong active drug when it is broken down by CYP2C19. Since 
you are an ultrarapid metabolizer of CYP2C19, you are ‘activating’ 
or ‘turning on’ this medication faster than normal, which leads to 
higher response to this medication in your body and explains why 
you experienced severe adverse effects. Now that you have this 
information, going forward it is very important that your share your 
pharmacogenetic report with all of your medical providers so they 
can be aware of your metabolic status before they prescribe medica-
tions that may pass through similar pathways in your body.”

SSRIs are the primary treatment options for major depres-
sive and anxiety disorders. Approximately 50% of patients 
initiated on SSRI therapy will experience treatment failure.15 
In the United States, an estimated 25,000 patients per year 
are hospitalized as a result of adverse events associated with 
antidepressants.16 Clinical evidence shows that genetic vari-
ants of CYP2D6 and CYP2C19 influence the metabolism and 
dosing recommendations of SSRIs such as citalopram, esci-
talopram, fluvoxamine, paroxetine, and sertraline.13 There is 
a high potential for clinical utility within this class of medi-
cations to improve treatment response and decrease the 
occurrence of adverse events. The most common adverse 
effects are on the central nervous system and include 
insomnia, headache, gastrointestinal (GI) dysfunction, and 
sexual dysfunction. However, the serious adverse effect of 
major concern is QT prolongation, which potentially could 
be fatal. 

Patients who experience poor therapeutic response and 
outcomes on SSRIs are good candidates for genetic testing 
because the likely causes are CYP2D6 and CYP2C19 poly-
morphisms. SSRIs like paroxetine and fluvoxamine may 
result in changes in exposure to the drugs as a result of 
variations in CYP2D6.17 Both of the R- and S-enantiomers 
of citalopram are extensively metabolized by CYP2C19 to 
less-active metabolites, which results in less serotonin reup-
take inhibition.18 Sertraline and fluoxetine have complex 

pharmacogenetic implications because both CYP2D6 and 
CYP2C19 pathways affect the conversion to active 
metabolites.4 

Patient case #2 
A case report of a 9-year-old boy with ADHD, OCD, and Tourette 
disorder revealed the patient taking methylphenidate, clonidine, and 
fluoxetine. His initial symptoms consisted of nausea, vomiting, and 
headache, which developed slowly over the first few weeks of his 
starting this regimen.19 The patient’s parents tell you they purchased 
an OTC genetic test for the patient and ask you to review the results. 
The patient turns out to be a CYP2D6 poor metabolizer. Which 
medication do you suspect is causing the patient’s symptoms, based 
on a drug–gene implication? 

The above case report was real except the patient did not have 
a pharmacogenetic report. Unfortunately, over the previous 10 
months, the patient experienced signs and symptoms suggestive 
of metabolic toxicity, marked by GI distress, low-grade fever, inco-
ordination, and disorientation. Generalized seizures were observed, 
and eventually the patient lapsed into status epilepticus followed by 
cardiac arrest and subsequently died. The autopsy report revealed 
that the patient experienced fluoxetine and norfluoxetine concentra-
tions that were several-fold higher than expected for overdose situa-
tions. The child’s adoptive parents were under investigation by social 
services to determine their level of control for medication access. 
Further genetic testing of tissue revealed the child was a CYP2D6 
poor metabolizer, and these results ended the investigation of the 
adoptive parents. This was the first confirmed report of a fluoxetine 
CYP2D6 polymorphism–related death of a child from impaired drug 
metabolism.19  

ADHD

In children, ADHD, a common neurodevelopmental and 
behavioral disorder, is typically treated with stimulants 
such as methylphenidate. Common adverse effects and 
risks from these medications include restlessness, head-
ache, stomach pain, and decreased appetite, which are usu-
ally reduced by controlling the dose. Other medications that 
may be part of a child’s regimen include antidepressants 
and antipsychotics. Approximately, 20% to 50% of these 
medications are metabolized by CYP2D6 and CYP2C19.20,21 
According to a study conducted by Mayo Clinic physicians, 
children who are treated without the benefit of individual-
ized molecular genotyping have only a 60% chance of suc-
cessful long-term treatment.22,23 

In our experience, we have seen much success with phar-
macogenetic testing in the community setting with parents 
who have been searching for answers on providing the best 
care for their children with autism and/or ADHD. One of 
our customers who purchased the pharmacogenetic test 
was a physician and the mother of a nonverbal child with 
autism who was struggling with his ADHD medication. The 
genetic test revealed polymorphisms that in supporting lit-
erature have been linked to poor responses to methylpheni-
date, dexmethylphenidate, Adderall, and other medications 
for which the patient had previously experienced treatment 
failure. She stated that she wished she had known about this 
test earlier because it could have helped her family avoid 
initiating unnecessary therapy. 

Pharmacogenetic testing has the potential to identify a 
more comprehensive, individualized risk profile, allowing 
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for precision therapeutics with medications and doses 
adjusted appropriately based on an individual’s personal 
genetic results. 

Patient case #3
A case report of a 6-year-old boy with ADHD revealed the patient be-
ing started on methylphenidate 5 mg twice daily for symptom control. 
The parents reported compliance with medication administration, 
and after the first full day of treatment the child began portraying 
extremely aggressive behaviors. These behaviors included agitation, 
insomnia, and poor appetite. The patient was then given additional 
medications, including antipsychotics, with the hope of reducing 
these behaviors. 

However, the behaviors worsened, which resulted in genetic 
testing that reported the patient as an intermediate metabolizer of 
CYP2D6. The medical provider withdrew the additional medications 
and decreased the dose of the methylphenidate to 2.5 mg once daily, 
and the aforementioned behaviors ceased. The child was then able to 
respond appropriately, and his appetite returned.23

Opioids
Opioids are the most potent and commonly prescribed anal-
gesics for pain management. As a result of multiple disease 
and pharmacological factors, a patient’s drug response to opi-
oids may be complex to decipher. Adding pharmacogenetic 
factors further complicates the task of providing patients 
with personalized patient care. Using the pharmacogenetic 
test results as a tool to provide evidence-based recommen-
dations and assess a patient’s risk of genetic implications 
on their current drug regimen, pharmacists can provide 

enhanced, personalized, and precise MTM services. 
Many pharmacists are aware of the CYP2D6 and codeine 

genetic implication risk. Of all the genes of interest relative 
to opioid therapy, CYP2D6 is the one gene with the highest 
CPIC level of evidence. CPIC has a C/D level of evidence 
for OPRM1, the gene that codes for the opioid receptor mu 
1, which may affect efficacy of fentanyl, hydrocodone, and 
other opioids. Limited studies have been conducted on efflux 
transporters like ABCB1 and pain sensitivity genes like 
COMT and MC1R; however, clinical evidence for them is 
lacking at this time. 

In early 2013, FDA added a black box warning to the codeine 
drug label cautioning against prescribing codeine to children 
of any age for treatment of pain after surgery to remove ton-
sils or adenoids. In the following years, FDA warned of the 
risk of serious breathing problems in some children who are 
CYP2D6 ultrarapid metabolizers. Potentially fatal levels of 
codeine may occur because their bodies metabolize the drug 
too quickly. After a review of adverse event reports that iden-
tified 64 cases of respiratory depression, including 24 deaths, 
with codeine-containing medicines in children younger 
than 18 years of age in April 2017, FDA restricted the use of 
prescription codeine pain and cough medicine and tramadol 
pain medicines in children, and recommended against use 
in breastfeeding women. 

CYP2D6 metabolizes approximately 25% of the most com-
monly prescribed medications, including codeine, tramadol, 
tamoxifen, fluoxetine, metoprolol, and risperidone. There 
is a high level of interindividual variation with CYP2D6. 

Figure 1. Metabolic pathways of commonly prescribed opioid medications. Drugs and metabolites in white have little to no 
analgesic effects, green indicates those having analgesic effects, yellow enzymes are major metabolic pathways, and blue 
enzymes indicate a minor metabolic pathway.

Source: Adapted from Reference 25.

O,N-didsmethyl 
tramadol Norcodeine Noroxycodone

Hydrocodeine- 
6-glucuronide

Tramadol Codeine Oxycodone Hydrocodone

O-demethyl-
tramadol

CYP3A4

CYP2D6

Morphine, oxymorphone, 
noroxymorphone

Oxymorphone Hydromorphone

Á´¿¥ÔÒ¥ÓÌÖ��     ÎÔ ÓÕÒÐÕÒÔÓÌ   ÐÊÐÒÊÒÐ ´·



CPE

www.pharmacist.com FEBRUARY 2018  • PharmacyToday 61

PRECISION MEDICINE AND PHARMACOGENOMICS 

More than 105 different alleles or variations of CYP2D6 have 
been reported, and each encodes for a functionally different 
enzyme. Whole gene duplications and multiplications are 
common in CYP2D6, which may be referred to as copy num-
ber variation. On a genetic report, these may be shown in the 
patient’s genotype as “x2,” meaning two copies of the allele 
are present; “xN,” meaning a duplication exists but does not 
indicate the number of alleles present; or “DUP,” meaning a 
duplication exists but does not indicate which allele is dupli-
cated or the number of alleles. Up to 13 copies of a CYP2D6 
allele have been reported.24 

Codeine produces antitussive properties, but all of its anal-
gesic properties stem from its metabolites via CYP2D6. The 
CYP2D6 pathway leads to morphine and morphine-6-gluc-
uronide, which are the first and second active metabolites, 
respectively. If this conversion occurs too rapidly, the patient 
is at higher risk of serious adverse drug reactions such as 
respiratory depression, circulatory depression, respiratory 
arrest, shock, and cardiac arrest.24

Figure 1 shows the other opioid substrates that are metab-
olized by CYP2D6. In all cases, the metabolite conversion 
through this pathway leads to a more potent metabolite that 
has a high affinity for the opioid receptor (codeine < mor-
phine, tramadol < M1, dihydrocodone < dihydromorphone, 
and oxycodone < oxymorphone).24

On the basis of the evidence, the CPIC guidelines recom-
mend that ultrarapid metabolizers should avoid codeine use 
because of potential toxicity and, to a lesser extent, avoid tra-
madol, hydrocodone, and oxycodone (Table 1). 

What are appropriate alternative medications for CYP2D6 
ultrarapid metabolizers for pain management? Depending 
on the patient’s diagnosis and the appropriateness of admin-
istration, pharmacists may recommend NSAIDs, steroids, 
analgesics, and other opioids that do not pass through 
CYP2D6 metabolism, topical pain relief, and nonpharmaco-
logical suggestions. 

On the opposite end of the spectrum, poor metabolizers 

are unable to get the analgesic response expected from 
codeine, tramadol, hydrocodone, and oxycodone. This 
means these patients may not be getting the full benefit from 
these medications, requiring higher doses that put them at 
risk of adverse effects.

The alleles of CYP2D6 have been very well studied. Each 
allele has been assigned an activity score that leads to either 
increased function, normal function, decreased function, or 
no function. Using a patient’s genotype, a clinician can use 
the CYP2D6 activity score tables (Tables 2 and 3) to deter-
mine whether a patient is a poor, intermediate, normal, or 
ultrarapid metabolizer. Fortunately, most pharmacogenetic 
reports translate this information into the phenotype for 
ease of review. However, Tables 2 and 3 show how pheno-
types are determined from a patient’s genotype. If a patient’s 
report shows that he or she is a CYP2D6 *1/*17 genotype, to 
determine which one of the four categories of metabolizer 
types the patient possesses, a pharmacist has to find the ac-
tivity value for each allele, add them, and find the resulting 
value in the corresponding table.

Without having a tool like a pharmacogenetic test, clini-
cians may consider a patient’s race and ethnicity to guide 
drug selection. The prevalence of phenotypes in CYP2D6 
based on race and ethnicity is a prime example of when this 
method may not yield the desired results. For example, ul-
trarapid metabolizers of East African descent such as Ethio-
pians have a prevalence rate of approximately 29%, whereas 
ultrarapid metabolizers for African Americans have a preva-
lence rate of 3.4% to 6.5%.5,46 There is an approximately 24% 
difference in prevalence, supporting that race and ethnicity 
are not the most reliable guides for determining a patient’s 
phenotypic status. 

Pharmacists use many skills when performing pharma-
cogenetic medication reviews with patients that sets the ex-
perience apart from the skills other health professionals can 
provide. As medication experts, pharmacists can showcase 
their value when discussing a patient’s pharmacogenetic re-

Table 1. CPIC guidelines dosing recommendations for CYP2D6 and codeine
Phenotype Genetic implications Recommendations Class Considerations for alternatives
Ultrarapid 
metabolizer 

Increased formation 
of morphine leading to 
higher risk of toxicity

Avoid codeine use due to 
potential toxicity.

Strong Morphine and nonopioid analgesics 
that are not affected by CYP2D6. Tra-
madol, hydrocodone, and oxycodone 
are not good alternatives.

Normal−extensive 
metabolizer 

Normal morphine 
formation

Use label-recommended age- 
or weight-specific dosing.

Strong

Intermediate 
metabolizer 

Reduced morphine 
formation

Use label-recommended 
age- or weight-specific dos-
ing. If no response, consider 
alternative.

Moderate Consider morphine or nonopioid. 
Monitor tramadol use for response.

Poor metabolizer Greatly reduced morphine 
formation leading to 
insufficient analgesia

Avoid codeine use due to lack 
of efficacy

Strong Morphine and nonopioid analgesics 
that are not affected by CYP2D6. 

Source: Adapted from Reference 44.

Á´¿¥ÔÒ¥ÓÌÖ��     ÎÓ ÓÕÒÐÕÒÔÓÌ   ÐÊÐÑÊÔÌ ´·



CPE

www.pharmacytoday.org62 PharmacyToday • FEBRUARY 2018

PRECISION MEDICINE AND PHARMACOGENOMICS

Table 2. CYP2D6 functional status of alleles chart using activity scores
Functional status Activity value Alleles
Increased function >1 *1 x N, *2 x N, *35 x N, *45 x N

Normal or increased 
function

1 or >1 *9  x  N, *10 x N, *17 x N, *29 x N, *41 x N

Normal function 1 *1, *2, *27, *33, *34, *35, *39, *45, *46, *48, *53

Decreased function 0.5 *9, *10, *14B, *17, *29, *41, *49, *50, *54, *55, *59, *72

No function 0 *3, *3 x N, *4, *4 x N, *5, *6, *6 x N, *7, *8, *11, *12, *13, *14A, *15, *18, *19, *20, *21, 
*31, *36, *36 x N, *38, *40, *42, *44, *47, *51, *56, *57, *62, *68, *69, *92, *100, *101

Unknown N/A *22, *23, *24, *25, *26, *28, *30, *32, *37, *43, *43 x N, *52, *58, *60, *61, *63, *64, *65, 
*70, *71, *73, *74, *75, *81, *82, *83, *84, *85, *86, *87, *88, *89, *90, *91, *93, *94, 
*95, *96, *97, *98, *102, *103, *104, *105

Source: Adapted from Reference 5.

Table 3. CYP2D6 phenotype status based on activity score from an individual genotype
Activity score Phenotype Prevalence Genotype Examples of diplotypes
>2.0 Ultrarapid metabolizer 1%–2% Carrying more than two copies of 

functional alleles
*1/*1 x N, *1/*2 x N.

1.0– 2.0 Normal 
(extensive) metabolizer

77%–92% Carrying two alleles encoding full 
or reduced function or one full 
function allele together with either 
one nonfunctional or one reduced 
function allele

*1/*1, *1/*2, *2/*2, *1/*41, *1/*4, 
*2/*5, *10/*10

0.5 Intermediate  
metabolizer 

2%–11% Carrying one reduced and one 
nonfunctional allele

*4/10, *5/*41.

0 Poor metabolizer 5%–10% Carrying no functional alleles  

Source: Adapted from Reference 5.

Table 4. Common medications that are inhibitors of CYP2D6
Strong inhibitors (>5-fold 
increase in AUC or >80% 
decrease CL)

Moderate inhibitors  
(2−5-fold increase in AUC or 
50%−80% decrease in CL)

Weak inhibitors (1.25−2-fold increase in AUC or 
20%−50% decrease in CL)

 ■ Bupropion
 ■ Fluoxetine
 ■ Paroxetine
 ■ Quinidine

 ■ Cincacalcet
 ■ Duloxetine
 ■ Terbinafine

Amiodarone, celecoxib, cimetidine, desvenlafaxine, diltiazem, 
diphenhydramine, Echinacea, escitalopram, febuxostat, 
gefitinib, hydralazine, hydrochloroquine, imatinib, metha-
done, oral contraceptives, propafenone, ranitidine, ritonavir, 
sertraline, telithromycin, verapamil

Abbreviations used: AUC, area under the curve; CL, clearance. 
Source: Adapted from Reference 46.
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sults. It is important for pharmacists performing these con-
sultations to be the drug experts for which pharmacists are 
known. Table 4 provides examples of drug–drug interactions 
that can lead to drug−drug−gene interactions. Using this 
table, let’s review a patient case and define a related phenom-
enon called “phenoconversion.”

Patient case #4
Z.Y., a 55-year-old man with chronic back pain and knee pain of the 
joints from rheumatoid arthritis, which was diagnosed 3 years ago. 
The patient is currently taking oxycodone immediate-release  5 mg, 
oxycodone extended-release 10 mg, gabapentin 150 mg, duloxetine 
DR 30 mg, and celecoxib 200 mg. Drug allergies listed in the elec-
tronic health record are codeine (hallucinations), metformin (fatigue, 
GI intolerance), hydrocodone (hallucinations), and morphine (itching). 
A PGx test on file reveals a CYP2D6 *6 x N/*33.

 ■ Using Tables 2 and 3, determine the predicted phenotype for Z.Y.
 ■ Does Z.Y.’s phenotype have implications with his current regi-

men?
 ■ What medications on his profile could potentially interact with his 

genotype and lead to a drug−drug−gene implication? 
 ■ After considering his medical profile and genetic information, 

what do you think the theoretical options are for Z.Y.’s clinical 
CYP2D6 phenotype observed? 
Discussion: Using the activity score charts, you can see that the 

patient is a normal metabolizer for CYP2D6 (activity score = 0 x N 
+ 1 = 1 = normal metabolizer). CPIC guidelines state that for normal 
metabolism of CYP2D6 for opioid substrates, opioids may be given at 
the standard label-recommended doses if no other contraindications 
exist. CYP2D6 is not inducible; therefore, any drug−drug interactions 
via CYP2D6 will be inhibition. Duloxetine is a moderate inhibitor, and 
celecoxib is a weak inhibitor of CYP2D6, which theoretically could 
cause this patient to clinically exhibit CYP2D6 intermediate or poor 
metabolizer phenotypes. This is an example of phenoconversion: the 
process whereby the predicted genotypic metabolizer status (e.g., 
normal) is different from the clinically observed phenotypic me-
tabolizer status (e.g., intermediate or poor) as a result of nongenetic 
extrinsic factors. In this case, Z.Y. with a normal metabolizer genotype 
can have a clinical response similar to a poor or intermediate metabo-
lizer because of factors such as drug−drug interactions. 

Cardiology: Beta-blockers, warfarin,  
clopidogrel, statins

Cardiology and pharmacogenetics encompass a wide vari-
ety of genetic markers and medications. Made popular from 
a single gene and single drug panel from pharmacy retail-
ers, one of the most notable drug−gene implications in this 
class is clopidogrel and CYP2C19. CYP2C19 is responsible for 
the metabolism of clopidogrel to its active metabolite within 
hepatocytes.26 At least 35 CYP2C19 polymorphic variants 
have been identified and summarized in the CPIC guide-
lines.27 Alleles *2 through *8 indicate a loss of function. An 
individual with one normal *1 allele and one of any of the 
loss of function alleles will exhibit intermediate metabolizer 
status, and individuals with a double loss of function allele 
will exhibit poor metabolizer status. Intermediate and poor 
metabolizers have nearly a three to four times’ higher risk of 
experiencing a cardiovascular event. The *17 allele actually 
increases the expression of CYP2C19 and results in a gain of 
function. However, one *17 allele is not enough to overcome 
one allele with a loss of function (e.g., one *17 allele and one 
*2 allele would still result in loss of function).28 

In summary, genotypes leading to an expression of loss 
of function or intermediate/poor metabolizer phenotypes 
are associated with less-active metabolites and decreased 
antiplatelet effects. In a meta-analysis of nine trials and 9,685 
patients treated with clopidogrel, the risk ratios for a major 
adverse cardiovascular event or stent thrombosis was sta-
tistically significant for intermediate and poor metabolizers 
versus extensive or normal metabolizers.29 However, another 
meta-analysis showed that if an individual was at a lower 
risk of experiencing a cardiovascular event, then the overall 
risk, regardless of the genotype, was also lower.30 Therefore, 
only patients who are considered high risk for a major car-
diovascular event have the clinical outcomes to support use 
of a pharmacogenetic test for CYP2C19 and clopidgrel per 
the ACCF/AHA/SCAI guidelines. 

Examples of patients considered “high risk” in these 
guidelines are those with a history of high-risk multivessel 
PCI, history of stent thrombosis, acute coronary syndrome, 
diabetes, and chronic kidney failure.31 These trials led to 
FDA’s box warning, which is focused primarily on poor 
metabolizers experiencing treatment failure on clopidogrel. 
However, there has been a great deal of supporting data 
for intermediate metabolizers as well. For details, refer to 
the official CPIC guidance for CYP2C19 and clopidogrel, as 
well as the alternative antiplatelet therapy options like pra-
sugrel and ticagrelor on the PharmGKB website. Prasugrel’s 
mechanism of action is similar to clopidogrel except it is not 
a prodrug. It is metabolized to an intermediate metabolite 
through hydrolysis. Ticagrelor is an active drug. Both drugs 
have been shown to be more effective than clopidogrel but 
with the potential for increased risk of bleeding in addition 
to being more expensive medications.32,33 Also, these medi-
cations are not always appropriate to initiate in all patients 
at risk for a cardiovascular event. 

Although there are many newer agents on the market 
for anticoagulation, warfarin remains a first-line option 
for treatment of venous thromboembolism and prevention 
of stroke in persons with atrial fibrillation, atrial flutter, or 
valvular heart disease.34 When assessing whether warfa-
rin is appropriate for a patient on the basis of their genetic 
compatibility with the medication, CYP2C9 and vitamin 
K epoxide reductase complex 1 (VKORC1) genotypes have 
shown strong and consistent effects on patient response. 
CPIC guidelines and FDA-approved labeling have incorpo-
rated dosing algorithms and genetic clinical information for 
predictive and stable warfarin dosing.35 

To better understand the dosing guidance for warfarin 
and these two genetic interactions, it is important to know 
the mechanism of action of warfarin on the vitamin K cycle 
as well as the metabolism of warfarin through CYP2C9. CY-
P2C9 metabolizes warfarin as a method of clearing the drug 
from the system. Variations in CYP2C9 cause decreased 
clearance of warfarin as well as increased exposure time and 
concentration levels. Warfarin binds to VKORC1 and blocks 
the reduction of vitamin K, which leads to its anticoagulant 
effects. Variations in VKORC1 affects how much VKORC1 is 
available for warfarin to bind to and block.36 Theoretically, 
if an individual has lots of VKORC1, then they would need 
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more warfarin to block it, but if they have less VKORC1, then 
they would need a lower dose of warfarin. 

The FDA-approved labeling for warfarin now includes 
a table that shows the appropriate initial starting dose for 
warfarin using an individual’s VKORC1 and CYP2C9 geno-
types.7 Using both genotypes, clinicians can find the appro-
priate starting dose of warfarin for a patient provided that 
no other nongenetic extrinsic factors cause contraindications. 
Despite the amount of genetic information and clinical sup-
port available for genetically based dosing of warfarin, clini-
cal trials have produced mixed results, a factor that further 
complicates the translation of pharmacogenetic data into 
clinical practice.35 We suspect that these variable results are 
likely due to the variety of other factors that affect warfa-
rin clearance and patient response, such as vitamin K intake, 
age, drug–drug interactions, environmental factors, etc. On-
going trials and observational studies are expected to pro-
vide more insight and shape future guidance on clinical util-
ity of genotyped-guided warfarin dosing.

Up to this point, we’ve discussed pharmacokinetic and 
drug target genetic implications. Now we will discuss a 
pharmacodynamic genetic implication between statins and 
the drug transporter gene SLCO1B1. SLCO1B1 codes for a 
transporter protein found on hepatocytes that moves com-
pounds from the blood into the liver so that they can be 
cleared from the body.36 Drugs transported by this protein 
include enalapril, olmesartan, valsartan, nateglinide, metho-
trexate, and most statin medications. This protein may also 
be inhibited by medications such as gemfibrozil, cyclospo-
rine, clarithromycin, protease inhibitors, bimeprevir, and 
boceprevir.37 However, clinical evidence is lacking for these 
interactions except for statins. 

Reduced or poor transporter function of the protein 
from SLCO1B1 is associated with decreased statin clearance 
and increased exposure time to statin medications in blood 
and tissues, which has been associated with statin-induced 
myopathies. At 221%, simvastatin has the highest rate of ex-
posure time to tissues among all of the statins tested, with 
fluvastatin being the lowest at 19%.36 The CPIC guidelines for 
simvastatin and SLCO1B1 indicate a high myopathy risk for 
patients on simvastatin who have the low functioning trans-
porter genotype, CC. Individuals with intermediate function 
(TC genotype) and normal function (TT genotype) have an 
intermediate and normal risk of myopathy, respectively.  With 
so many other alternatives available, most providers are very 
accepting of switching CC patients to an alternative statin 
medication with less dependency on SLCO1B1 for clearance.36 

Another notable drug–gene implication in cardiology for 
community and primary care pharmacists is between meto-
prolol and CYP2D6. Metoprolol, a selective beta1-adrenore-
ceptor blocking agent, is indicated for treatment of hyperten-
sion, angina pectoris, and acute myocardial infarction. Two 
common polymorphisms in the beta1-adrenergic receptor 
gene are associated with variable antihypertensive response 
to metoprolol.37 Metoprolol with CYP2D6 implications is on 
the FDA biomarker list as informative, meaning that evi-
dence is lacking to link genetic variation to patient response. 

However, the drug label states that poor and intermedi-

ate metabolizers who concomitantly use CYP2D6-inhibiting 
drugs will have increased (several-fold) metoprolol blood 
levels, decreasing metoprolol’s cardioselectivity.38 Currently, 
there is no CPIC guidance on this drug–gene interaction. 
However, the Royal Dutch Pharmacists Association Phar-
macogenetics Working Group (DPWG) guidelines on the 
PharmGKB website evaluate the therapeutic dose recom-
mendations for metoprolol based on CYP2D6 genotypes. For 
patients who are CYP2D6 poor and intermediate metaboliz-
ers, DPWG recommends selecting an alternative medication 
or reducing the dose because decreased clearance of meto-
prolol potentially leads to beta-blockade or other serious ad-
verse events.5 

Although metoprolol and CYP2D6 are not in the CPIC 
guidelines, in our clinical experience we encountered a 55 
-year-old female patient who was discharged from the hospi-
tal post-MI on a regimen that included metoprolol. Within 2 
days of starting the metoprolol at home, the patient returned 
to the emergency department (ED) with severe heart block 
and circulatory depression. Fortunately, the ED staff was 
able to resuscitate the patient and restore her vital functions. 
Five years later, the patient found out that she was a CYP2D6 
poor metabolizer. Had this information been available pre-
emptively, the patient could have avoided the traumatizing 
experience and financial burden from this severe adverse 
drug reaction. 

Gastroesophageal reflux disease and PPIs
PPIs are used for treatment of gastroesophageal reflux dis-
ease and other acid-related disorders. Drugs in this class 
are acid-activated prodrugs that are converted in the lumi-
nal surface of the stomach.39 Although PPIs are active in the 
stomach, they are metabolized primarily by CYP2C19 and 
CYP3A4 in the liver, with CYP2C19 causing a majority of the 
individual pharmacokinetic variations. All PPIs undergo 
CYP2C19 metabolism. This includes rabeprazole, but only 
to a minor extent; therefore, rabeprazole may be a suitable 
alternative for patients with CYP2C19 polymorphism who 
require an alternative. 

Omeprazole and pantoprazole have the most significant 
clinical evidence. CPIC guidelines do not cover this drug–
gene implication, but dosing guidance may be found in the 
DPWG. For CYP2C19 ultrarapid metabolizers, PPIs may have 
an insufficient response. The recommendation is to increase 
the dose by 100% to 200% for omeprazole and up to 400% 
for pantoprazole. However, based on clinical experience, we 
believe it may be better for ultrarapid metabolizers to con-
sider alternative therapies like rabeprazole, which is less 
affected by CYP2C19 metabolism or other pharmacologic 
and nonpharmacological treatments.5 

Nutrigenomics: MTHFR
Nutrigenomics is the study of the interaction of nutrition and 
genes, especially with regard to the prevention or treatment 
of disease.40 The MTHFR gene codes for an enzyme called 
methylenetetrahydrofolate reductase, which plays a role in 
processing amino acids. In general, this enzyme performs 
the methylation step in vital pathways in the body related 
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to DNA synthesis and vitamin B activation. This gene is of 
interest in the nutrigenomics community because of studies 
on the interactions between dietary folate and MTHFR varia-
tion and disease development. Through MTHFR, folic acid is 
methylated to its active form, folate, which makes it usable 
in the body. 

This enzyme is also involved in activating vitamin B12 to 
methylcobalamin and converting homocysteine to methio-
nine, which the body needs for energy, proper metabolism, 
and muscle growth.41 The T allele for MTHFR results in 
reduced function and slowed activity of this enzyme, which 
results in a reduced capacity to effectively utilize B vitamins 
like folic acid and cobalamin. This includes a possible diffi-
culty in effectively eliminating toxins from the body, a factor 
that can have adverse effects for these individuals.42 

Based on our clinical experience, patients who have either 
one or two of the T allele for MTHFR may benefit from tak-
ing activated folate and activated B12 vitamins as opposed to 
most vitamins on the market. By taking the already activated 
form, these individuals will be able to utilize the vitamins 
for all the essential processes in the body without depend-
ing on the methylation through MTHFR. Educating patients 
with these genetic variations on how to read OTC labels is 
important to ensure they obtain the right types of B vitamins 
to fit their needs. 

Summary and conclusion
We discussed how the three approaches to launching a phar-
macogenetics testing program affects costs and workflow 

to any clinical setting. It is important for project managers 
to assess their setting, the needs of the patient population, 
and the costs and workflow in order to have a sustainable 
model for pharmacogenetic testing in their practice. Once 
a model is in place, using a systematic approach within the 
EHR for the clinical utility of the test will be essential for 
diligent storage of data and provider uptake of the program. 
If pharmacist-led pharmacogenetic testing programs are to 
be successful, pharmacists must educate themselves on the 
top drug–gene pairs with clinical utility and be able to share 
this information with patients and medical providers clearly 
and concisely. 

Although we’ve shared our journey and experience using 
pharmacogenomics in daily practice, we have only scratched 
the surface for the clinical utility of this elegant science. In 
addition to needing more research and clinical evidence to 
support our assumptions, the medical community will need 
to overcome cost and health information exchange barriers 
from a technological standpoint. Ideally, pharmacogenetic 
preemptive testing will be a standard covered medical ben-
efit for all patients. All electronic medical records from the 
primary care office, to the hospital, to the pharmacy will be 
able to hold genotypic and phenotypic status as part of the 
patient’s demographic profile, with CDS alerts readily avail-
able for clinicians to act on these results at the point-of-care. 
We have a long way to go, but based on the speed at which 
this field has grown within the last decade, we may not have 
to wait very long to be fully equipped to transition to preci-
sion medicine. 
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CPE information
To obtain the 2.0 contact hours (0.2 CEUs) of 
CPE credit for this activity, you must complete 
the online assessment with a passing grade 
of 70% or better, the evaluation, and CLAIM 
credit at http://apha.us/CPE0218. You will have 
two opportunities to successfully complete the 
assessment. The current policy of the APhA 
Education Department is not to release the 
correct answers to any of our CPE tests. This 
policy is intended to maintain the integrity of 

the CPE activity. Learners who successfully 
complete this activity by the expiration date 
can receive CPE credit. Please visit CPE Moni-
tor for your statement of credit/transcript.
 
To claim credit
1. Go to http://apha.us/CPE0218.
2. Log in to your APhA account or register as 
a new user.
3. Select “Enroll Now” or “Add to Cart” (click 
“View Cart” and “Check Out”).

4. Complete the assessment and evaluation.
5. Click “Claim Credit.” You will need to provide 
your NABP e-profile ID number to obtain and 
print your statement of credit.

Assistance is available Monday through Friday 
from 8:30 am to 5:00 pm ET at APhA InfoCen-
ter at 800-237-APhA (2742) or by e-mailing 
infocenter@aphanet.org.
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CPE assessment 
This assessment must be taken online; please see “CPE 
information” in the sidebar on page 66 for further instruc-
tions. The online system will present these questions in ran-
dom order to help reinforce the learning opportunity. There 
is only one correct answer to each question. Use the patient 
case below to answer the questions. You may also need to 
refer to Tables 1 through 4 to answer questions 1 through 5. 

Patient case
S.B. is an urgent care patient with an open wound on his right 
foot that has been slow to heal. It’s clean and dry. There is health 
granulation tissue surrounding the wound. The wound is stapled 
together. The patient just filled a prescription for hydrocodone 
yesterday. The patient tells the provider that tramadol and hydro-
codone do not work for him, and he wants something stronger. 
Given this information and based on the patient’s prescription his-
tory, the medical provider suspects diversion. Upon checking the 
patient’s profile, they see that the patient is a CYP2D6 *3/*5 and 
CYP2C19 *1/*1. The physician asks you to provide your recom-
mendation for pain management based on this information.

1. Considering the level of evidence and the genotype, 
which gene(s) is of interest for this patient’s pain 
management? 
a. CYP2D6
b. CYP2C19
c. Both have a high level of evidence for pain manage-

ment, and the patient’s genotype in both cases will 
affect your decision.

d. Neither of these genes has an impact for manage-
ment of pain in this patient.

2. What is the activity score for CYP2D6 in this patient?
a. 0
b. 0.5
c. 1.5
d. 3

3. What is the phenotype of the gene that has clinical 
utility in this case?
a. Ultrarapid metabolizer
b. Extensive or normal metabolizer
c. Intermediate metabolizer
d. Poor metabolizer

4. Based on your answer in question 3, which recommen-
dation would you NOT provide to the physician on 
use of medications for pain management?
a. The drug–gene implication has been shown to lead 

to increased morphine formation following a codeine 
administration, resulting in insufficient pain relief.

b. Avoid tramadol in this patient and to a lesser extent 
hydrocodone and oxycodone because the patient’s 
metabolism is also affected.

c. Perform a urine drug screen on this patient to check 
for drug and metabolites.

d. Recommend morphine, oxymorphone, or a nonopi-
oid analgesic.

5. Which of the following medications may NOT cause 
phenoconversion in this patient?
a. Paroxetine
b. Terbinafine
c. Verapamil
d. Levofloxacin 

6. Which of the following can affect an individual’s risk 
for adverse reactions?
a. Drug–drug interactions
a. Age
a. Pharmacogenomics
a. All of the above

2. This type of pharmacogenetic testing aims to op-
timize medication use by the utilization of genetic 
information at the point of prescribing.
a. Reactive
b. Preemptive
c. Semi-preemptive
d. Sensitive

3. Which guideline is considered to be the “gold stan-
dard” of pharmacogenetic guidelines?
a. Pharmacogenomics Knowledge Base (PharmGKB)
b. Dutch Pharmacogenetics Working Group (DPWG)
c. Clinical Pharmacogenetics Implementation Consor-

tium (CPIC)
d. Pharmacogenomics Research Network (PGRN)

4. CYP enzymes are primarily found in which of the fol-
lowing organs?
a. Liver
b. Small intestine
c. Lungs
d. Kidneys

5. The CPIC guidelines recommend that ultrarapid 
metabolizers avoid use of codeine for the following 
reasons:
a. Patients are unable to get the analgesic effect.
b. Patients may require higher doses.
c. Patients may have an increased risk for adverse ef-

fects.
d. Patients may experience a higher risk for toxicity.

6. For CYP2D6 poor metabolizers, which of the follow-
ing might you expect?
a. Higher plasma concentrations of levothyroxine 
b. Lower plasma concentrations of levothyroxine
c. Higher plasma concentrations of TCA at usual doses
d. Lower plasma concentrations of TCA at usual doses
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7. Approximately 20% to 50% of ADHD medications are 
metabolized by which of these enzymes?
a. CYP1A2 and CYP3A5
b. CYP2D6 and CYP3A5
c. CYP2C19 and CYP1A2
d. CYP2D6 and CYP2C19

8. FDA issued a warning about the risk of serious 
breathing problems in some children who are  
CYP2D6 ultrarapid metabolizers if they are taking 
this medication.
a. Thalidomide
b. Codeine
c. Amitriptyline
d. Propafenone

9. Select the appropriate match for genetic implication 
and medication class.
a. VKORC1 and clopidogrel
b. SLCO1B1 for statins
c. MTHFR and warfarin
d. COMT and metoprolol

10. Which mutations are commonly observed in CYP2D6? 
a. Copy number variation
b. Single point mutations
c. Missense mutations
d. Frameshift mutations

11. The guidelines recommend using an alternative 
antiplatelet instead of clopidogrel for this metabolizer 
group.
a. Extensive metabolizer
b. Ultrarapid metabolizer
c. Normal metabolizer
d. Poor metabolizer

12. Reduced transporter function due to genetic variations 
is associated with decreased clearance of statins and 
increased risk for statin-induced myopathies. Which 
statin has the highest rate of exposure?
a. Fluvastatin
b. Atorvastatin
c. Simvastatin
d. Lovastatin

13. Which guidelines have guidance on the drug–gene 
interaction for metoprolol?
a. Pharmacogenomics Knowledge Base (PharmGKB)
b. Dutch Pharmacogenetics Working Group (DPWG)
c. Clinical Pharmacogenetics Implementation Consor-

tium (CPIC)
d. Pharmacogenomics Research Network (PGRN)

14. What modification is the MTHFR gene responsible 
for?
a. Methylation
b. Sulphation
c. Acetylation
d. Glucuronidation

15. If there is a decrease in function of the MTHFR gene, 
which vitamin recommendations might you change?
a. Vitamin C
b. Vitamin E
c. Vitamin A
d. Vitamin B12

16. Which PPI would you recommend for a patient with a 
CYP2C19 polymorphism?
a. Omeprazole
b. Esomeprazole
c. Rabeprazole
d. Pantoprazole

17. Which patient population would require the highest 
dose of warfarin, based on their genetics?
a. High levels of VKORC1 and CYP2C9 extensive 

metabolizer
b. Low levels of VKORC1 and CYP2C9 poor metabo-

lizer 
c. High levels of VKORC1 and CYP2C9 poor metabo-

lizer 
d. Low levels of VKORC1 and CYP2C9 extensive me-

tabolizer
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