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Abstract

The purpose of this research and systematic literature
review is to determine if pharmacogenetic testing for the
CYP2D6 enzyme responsible for the metabolism of several
opiates leads to differences in serum levels, side effects,
and treatment outcomes for patients with acute or chronic
pain. Much of the presented research indicates an
association between CYP2D6 phenotypes and differential
treatment outcomes. Poor CYP2D6 metabolizers are shown
to be at increased risk of analgesic failure contrasted with
ultra-rapid metabolizers demonstrating better analgesic
control; however, they had a higher risk of side effects and
toxicity. Conflicting data is also demonstrated as well as a
lack of conclusions that can be drawn for more intermediate
metabolizers. It is known the gene that codes for CYP2D6
Is one of many that can affect opiate metabolism. More
research is needed that encompasses all of these genes in
order to make the findings more applicable to clinical
practice.

Introduction

Opioid involved overdose deaths have been on a steady rise
nationally since the late 1990s. Unfortunately, prescription
opioids acquired by both legal and illegal means have had a
significant contribution to this crisis. Prescribers find it
challenging to strike the delicate balance between
adequately treating the patient’s pain while simultaneously
minimizing unwanted side effects, Pharmacogenetic testing
for variations in opiate metabolism via the CYP2D6 enzyme
offers a potential solution at mitigating this challenge. This
literature review intends to explore how an individual’'s
genetic variabllity in this enzyme influences the
pharmacokinetics and pharmacodynamics of opiates.
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Statement of the Problem

Pharmacogenomic testing has shown much promise as a
tool that can help clinicians make better prescribing
decisions. However, this testing has yet to be used clinically
at the initiation of opiate therapy for pain management.
Research has proven that the mechanism by which
CYP2D6 polymorphisms affect opiate metabolism; however,
the clinical utility of this test and the implication on patient
outcomes is undetermined.

Relationship of CYP2D6 Phenotype to Activity

Poor (PM) 0 *4, %5, "6
Intermediate (IM)} 0.5 *10, *9
Extensive (EM) 1.0-2.0 Y2
Ultrarapid (UM} =2.0 *2N

Table 1 derived from “CYP2D6 pharmacogenetic and oxycodone pharmacokinetic
association study in pediatric surgical patients,” by R. Balyan, M. Mecaoli, R.
Venkatasubramanian, V. Chidambaran, N. Kamos, S. Clay, D. Moore, J. Mavi, C.
Glover, P. Szmuk, A. Vinks, and S. Sadhasivam, 2017, Pharmacogenomics, Volume
18, p. 339. Copyright 2017 by Future Science Group.

Research Question

Do CYP2D6 polymorphisms lead
to differences in opiate plasma
levels, analgesia, and occurrence
of side effects?

Literature Review

Theme 1: CYP2D6 and Pharmacokinetics

 UMs showed higher peak plasma levels, more significant
analgesia, and higher rates of side effects when dosed
with tramadol (Crews, 2014).

 PMs exhibited lower concentrations of tramadol,
morphine, hydromorphone, and oxymorphone compared
to EMs (Crews, 2014).

* Morphine is produced at a higher rate in UMs compared
to EMs (Crews, 2014).

 EMs convert oxycodone to oxymorphone at a higher rate
compared to PM and IMs, leading to higher oxymorphone
levels (Baylan, 2017).

 PMs were only able to create 0.66 ng/ml mean plasma
level (SD 1.1) of hydromorphone, compared to 7.06 mean
ng/ml (SD 11.9) from UMs (Stauble, 2014).

Theme 2: CYP2D6 and Adverse Effects

 PMs and UMs are more likely to experience analgesic
failure and adverse effects compared to IM and EM
phenotypes (Sauver 2017).

UM and EMs are at higher risk of toxicity and exhibited
increased occurrence of side effects (Dagostino, 2018).

« UMs at risk for symptoms of toxicity from codeine and
tramadol and should therefore avoid use (Vieira, 2018).

 PMs are at a lower risk of side effects compared to EMs
(Crews, 2014).

Theme 3: CYP2D6 and Pain Relief

* |IMs and PMs prescribed tramadol or codeine according to
phenotype recommendations were more likely to have
reduced pain vs trial and error; however, when all
phenotypes are considered, there was no difference in
pain scores (Smith, 2019).

* PMs exhibited weak analgesia with codeine compared to
UMs and required higher doses of tramadol compared to
EMs. UMs consumed less morphine and reported lower
pain levels (Ren 2015).

* Genotypes did not affect analgesia with tramadol and
there was no difference in oxycodone consumption
between EM and PM participants (Ren, 2015)

 PMs showed lower analgesic response with codeine and

tramadol and are at increased risk of treatment failure
(Vieira, 2018).

Discussion

The evidence presented In this review suggests that those
who are poor CYP2D6 metabolizers tend to have lower
plasma concentrations of active metabolite that result in
lower analgesic effect and incidence of side effects.
Conversely, those who are ultra-rapid CYP2D6 metabolizers
tend to experience higher levels of active metabolite that
results in an increased analgesic effect and risk of side
effects. Those who are intermediate and extensive
metabolizers lie in between. Worth consideration are the
numerous other genes that play a role in opiate metabolism
such as the catechol-O-methyltransferase (COMT) gene
that codes for enzymes responsible for opiate degradation
and the OPRM-1 gene that codes for opiate receptors. Only
when these variances are considered as a whole can clinical
application be initiated.
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Figure 1. From “Hydrocodone in postoperative personalized pain management:
Pro-drug or drug?” by M. Stauble, A. Moore, L. Langman, M. Boswell, R.
Baumgartner, S. McGee...S. Jortani, 2014, Clinica Chimica Acta, 429, p. 28.
Copyright 2014 by Elsevier.
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Applicability to Clinical
Practice

The evidence regarding CYP2D6 pharmacogenetic testing
IS promising but has lengths to go regarding the clinical
application. We know there are multiple enzymes
responsible for opiate metabolism, yet research that
accounts for the way these enzyme polymorphisms work
together to account for treatment efficacy and side effects
IS lacking. It has also yet to be demonstrated how these
polymorphisms relate to the occurrence of opiate
dependence and addiction. Who is at risk? The PMs
because of their higher requirement of medication to reach
treatment success, the EMs because of their increased
risk of side effects and toxicity, or both? The research
outlined in this review is the first of many steps required in
order to find these answers.
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