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Abstract
Opioid prescribing for postoperative pain management is challenging because 
of inter- patient variability in opioid response and concern about opioid addic-
tion. Tramadol, hydrocodone, and codeine depend on the cytochrome P450 2D6 
(CYP2D6) enzyme for formation of highly potent metabolites. Individuals with 
reduced or absent CYP2D6 activity (i.e., intermediate metabolizers [IMs] or poor 
metabolizers [PMs], respectively) have lower concentrations of potent opioid  
metabolites and potentially inadequate pain control. The primary objective of this 
prospective, multicenter, randomized pragmatic trial is to determine the effect of 
postoperative CYP2D6- guided opioid prescribing on pain control and opioid usage. 
Up to 2020 participants, age ≥8 years, scheduled to undergo a surgical procedure 
will be enrolled and randomized to immediate pharmacogenetic testing with 
clinical decision support (CDS) for CYP2D6 phenotype- guided postoperative pain 
management (intervention arm) or delayed testing without CDS (control arm). 
CDS is provided through medical record alerts and/or a pharmacist consult note. 
For IMs and PM in the intervention arm, CDS includes recommendations to avoid 
hydrocodone, tramadol, and codeine. Patient- reported pain- related outcomes are 
collected 10 days and 1, 3, and 6 months after surgery. The primary  outcome, a 
composite of pain intensity and opioid usage at 10 days postsurgery, will be com-
pared in the subgroup of IMs and PMs in the intervention (n = 152) versus the 
control (n = 152) arm. Secondary end points include prescription pain medication 
misuse scores and opioid persistence at 6 months. This trial will provide data on 
the clinical utility of CYP2D6 phenotype- guided opioid selection for improving 
postoperative pain control and reducing opioid- related risks.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
The management of postoperative pain is challenging because of the interpatient 
variability in opioid response. CYP2D6 phenotype, based on genotype and drug 
interactions, may contribute to response to tramadol, hydrocodone, and codeine, 
given the role of the CYP2D6 enzyme in transforming these drugs to potent opi-
oid metabolites.
WHAT QUESTION DOES THIS STUDY ADDRESS?
The primary objective of this prospective, multicenter, randomized pragmatic 
trial is to determine the effect of postoperative CYP2D6- guided opioid prescrib-
ing on pain control and opioid usage.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
This trial will provide data on the clinical utility of CYP2D6 phenotype- guided 
opioid selection for postoperative pain management.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
Positive findings would support CYP2D6 genotyping in practice, to be considered 
in combination with CYP2D6 inhibitor use, to inform individualized opioid pre-
scribing to improve postoperative pain control.

mailto:lcavallari@cop.ufl.edu
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INTRODUCTION

Despite a decline in opioid dispensing rates over the past 
decade, opioid use remains high in the United States, 
comprising 43 prescriptions per 100 individuals in 2020.1 
Approximately 10% of all opioid prescriptions originate 
from surgeons, with hydrocodone and tramadol accounting 
for about 60% of opioid prescriptions in the peri- operative 
setting.2,3 Hydrocodone and tramadol were among the top 
200 most commonly prescribed drugs in the United States in 
2019, ranking number 15 and 35, respectively.4 Similar to co-
deine, hydrocodone and tramadol undergo O- demethylation 
via the CYP2D6 enzyme to a metabolite that has greater af-
finity than the parent compound for the μ- opioid receptor; 
hydrocodone is metabolized to hydromorphone, tramadol 
to O- desmethyltramadol, and codeine to morphine.5– 7

The CYP2D6 gene is highly polymorphic, and up to 30% 
of individuals, depending on ancestry, have two nonfunc-
tional CYP2D6 alleles and no active enzyme (i.e., poor me-
tabolizers [PMs]) or one nonfunctional and one reduced 
function allele and significantly impaired enzyme activity 
(i.e., intermediate metabolizers [IMs]).8 Through a phe-
nomenon referred to as phenoconversion, use of moderate 
to strong CYP2D6 inhibitors may also reduce or abolish 
CYP2D6 activity, akin to having reduced to nonfunctional 
alleles. Individuals with absent or reduced CYP2D6 ac-
tivity, secondary to their genotype or use of medications 
causing phenoconversion, have lower concentrations of 
active opioid metabolites.6 In the case of hydrocodone, tra-
madol, and codeine, this may compromise pain control.6,9 
CYP2D6 ultra- rapid metabolizers (UMs) have increased 
enzyme activity secondary to gene duplication or multi-
plication and are at risk for toxic concentrations of active 
opioid metabolites from these drugs.10– 12 Whereas oxyco-
done is also metabolized by CYP2D6, data on the effect of 
CYP2D6 phenotype on oxycodone response are mixed.6,9

Pharmacogenetic guidelines recommend avoiding co-
deine and tramadol in PMs and UMs because of the poten-
tial for reduced effectiveness or toxicity, respectively.6 No 
recommendations are provided for hydrocodone because 
of the limited evidence available on CYP2D6 associations 
with hydrocodone response. However, evidence of im-
paired analgesia when hydrocodone is administered with 
CYP2D6 inhibitors suggests that reduced CYP2D6 activ-
ity secondary to genotype may also impair hydrocodone 
effectiveness.13 Data from a pilot trial of CYP2D6- guided 
management of chronic pain further support important 
effects of CYP2D6 phenotype on hydrocodone response, 
but showed no benefit of a CYP2D6- guided approach in 
oxycodone- treated patients.9

In a single center pilot trial of CYP2D6- guided opioid 
prescribing for postoperative pain, we showed that in-
tegrating CYP2D6 testing into clinical practice to guide 

postoperative pain management was feasible.14 Moreover, 
compared to usual care, a CYP2D6- guided approach led 
to less opioid consumption without compromising pain 
control. Based on these data, the Implementing Genomics 
in Practice (IGNITE) Network, funded by the National 
Human Genome Research Institute, is conducting a multi-
center pragmatic trial to test the hypothesis that CYP2D6- 
guided opioid selection for postoperative pain management 
leads to improved pain control or similar pain control with 
less opioid use. The objective of the study is to determine 
the effect of CYP2D6- guided opioid prescribing on pain 
control and use of Drug Enforcement Administration 
(DEA) schedule II opioids in postsurgical participants.

METHODS

Trial design

This is one of three trials under the umbrella of A Depression 
and Opioid Pragmatic Trial in Pharmacogenetics 
(ADOPT- PGx; registered in Clini calTr ials.gov Identifier: 
NCT04445792). Each trial is assessing the efficacy of a 
pharmacogenetic- guided approach to drug therapy se-
lection. The other two ADOPT- PGx trials are focused 
on chronic pain and depression and will be described 
elsewhere. Participants in the Acute Pain Trial are rand-
omized to CYP2D6- guided selection of postoperative opi-
oid therapy or usual postoperative pain management, with 
patient reported outcomes assessed prior to surgery and 
10 days and 1, 3, and 6 months after surgery (Figure 1).

Study population, location, and personnel

Participants are enrolled from nine health systems: 
University of Florida (UF) Health; Nemours Children's 
Health; Indiana University (IU) Health; Eskenazi Health; 
Duke University Health System (DUHS); Vanderbilt 
University Medical Center (VUMC); Sanford Health; 
Nashville General Hospital and Meharry Medical Group 
affiliated with Meharry Medical College; and Mount Sinai 
Health System (MSHS). Inclusion criteria are age ≥8 years, 
which is the minimum age at which the outcome measures 
are validated without parent proxy; English or Spanish 
speaking; and having an upcoming scheduled elective or 
planned surgery. Patients are being enrolled from surgical 
practices in which the drugs of interest (i.e., hydrocodone, 
tramadol, or codeine) are usually prescribed for postsurgi-
cal pain management. Based on data from the pilot trial 
mentioned above, it is expected that the intervention will be 
most effective in patients with a higher postoperative pain 
burden.14 Therefore, patients undergoing procedures for 

http://clinicaltrials.gov
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which there is a reasonable expectation of pain during the 
majority of the 10 day period following surgery are prior-
itized for enrollment. Examples of surgery types that may be 
included are orthopedic surgeries (e.g., arthroplasty, spine, 
etc.), open abdominal surgery, and cardiothoracic surgery. 
Exclusion criteria include chronic opioid use, defined as 
opioid use, per patient report, on most days of the week for 
over the past 3 months; life expectancy <12 months; cog-
nitive impairment or illness that may interfere with study 
participation; history of allogeneic stem cell or liver trans-
plant; and having prior clinical CYP2D6 genotype results 
available. An important goal of the IGNITE PTN is to in-
clude a diverse patient population.15 To this end, many of 
the clinics from which patients are being recruited tradi-
tionally treat underserved patients, including those of di-
verse backgrounds and those living in rural areas.

The structure of the IGNITE- PTN has been described 
and includes Executive and Steering Committees, a 
Coordinating Center (Duke University), Protocol and 
Implementation Teams (PITs), and five Clinical Groups 
(UF Health, IU Health, DUHS, VUMC, and MSHS).15 The 

ADOPT- PGx PIT is composed of lead investigators across 
sites and representatives from the National Human Genome 
Research Institute (NHGRI), Coordinating Center, Clinical 
Groups, and other enrolling sites. Prior to protocol imple-
mentation, the PIT maintained weekly teleconferences to 
develop the research protocol, documents for institutional 
review board (IRB) submission, case report forms, and the 
manual of operations. Smaller working groups held sep-
arate teleconferences to establish genotyping procedures, 
develop clinical decision support, address pediatric specific 
issues, and establish processes for laboratory reporting of 
genotype results and providing recommendations to pre-
scribers. The PIT continues to meet via weekly or biweekly 
teleconferences to discuss study progress and troubleshoot 
problems that arise. Additional members of the research 
team are pharmacists; physicians; nurses; researchers with 
expertise in opioid pharmacogenetics, postsurgical pain 
management, and pediatrics; clinical bioinformaticists; 
clinical pathologists; statisticians; and research coordina-
tors. An independent Data and Safety Monitoring Board 
was established to monitor protocol development, trial 

F I G U R E  1  Trial design. *Primary 
outcomes will be compared between 
the subgroup of PMs and IMs in the 
intervention versus control arm. †IM, 
NM, and PM phenotypes are based on 
CYP2D6 genotype and use of moderate 
to strong CYP2D6 inhibitors. EHR, 
electronic health record; IM, intermediate 
metabolizer; NM, normal metabolizer; 
PM, poor metabolizer; UM, ultrarapid 
metabolizer.
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data, and patient safety and consists of seven scientists 
with expertise spanning human and statistical genetics, 
pharmacogenetics, and clinical trial design.

Enrollment and randomization

Potential participants are identified when they present to 
clinic for surgery evaluation and scheduling or through 
electronic health record (EHR) review of scheduled sur-
geries. They are approached by a research team member 
through a clinic intercept or telephone call about study 
participation. Participants who provide informed consent 
are randomized in a 1:1 allocation to immediate (on en-
rollment) pharmacogenetic testing and genotype- guided 
therapy (intervention arm) or delayed testing (6 months 
after surgery) and usual postoperative pain management 
(control arm). Randomization is stratified by enrollment 
site, with a random block size within each site. The rand-
omization scheme was generated by an unblinded statisti-
cian with assignment generated in real time in REDCap at 
the Coordinating Center. Randomization assignments are 
not blinded to the participants or their providers but are 
masked to call center personnel administering follow- up 
surveys described below.

Intervention

The intervention was designed to reflect practices and 
procedures that would be likely with clinical integration 
of pharmacogenetic testing. To this end, genotype results 
are returned to the participant's EHR, and clinical deci-
sion support is provided. Providers across sites received 
education on CYP2D6 phenotype, its effects on opioid 
response, and phenotype- based treatment recommenda-
tions prior to trial launch and periodically thereafter at 
some sites. However, in line with the pragmatic nature of 
the trial, the content of the education and mode of deliv-
ery was left to the individual site (Table 1).

Following informed consent, a biological sample for ge-
notyping is collected from each participant through veni-
puncture, saliva collection, or buccal swab, depending on 
the site and participant preferences, and sent to a Clinical 
Laboratory Improvement Amendments (CLIA)- certified 
laboratory at one of the study sites for immediate geno-
typing (for the intervention arm) or storage for genotyping 
after the participant completes study procedures (for the 
control arm). Once results are available for participants in 
the intervention arm, recommendations for postoperative 
pain management are provided as described below, with 
the prescribing decision ultimately left to the provider. 
After trial participation is complete, pharmacogenetic 

results are returned to participants in both the interven-
tion and control arms by the study teams.

Participants in both arms are asked to complete base-
line surveys to collect demographic data, medical history, 
and patient- reported outcomes prior to randomization 
and within 45 days before surgery (Table 2). Data are col-
lected by a study coordinator in person or via telephone 
or email. Follow- up surveys are administered at 10 (±3) 
days, 1 month (±7 days), and 3 and 6 months (±14 days) 
after the date of surgery. Follow- up surveys for adult par-
ticipants are administered via telephone by clinical re-
search assistants from a centralized call center, housed in 
the UF College of Pharmacy, or, if the participant prefers, 
via an emailed or texted link to a web survey. In the event 
that a member of the call center cannot reach the partici-
pant, a local site coordinator may contact the participant 
for survey completion. Surveys for pediatric participants 
are sent to the parent and are completed by the child or 
parent depending upon the survey. Surveys include as-
sessment of pain intensity, prescription medication mis-
use, mobility, and overall well- being via Patient Reported 
Outcomes Measurement Information System (PROMIS) 
measures.16,17 Additional surveys (see Supplementary 
Material) assess opioid consumption, side effects, and 
continued use (i.e., opioid persistence). The 6- month sur-
vey for the intervention arm asks participants if they be-
came aware of their results over the course of the study. 
Survey data are gathered using REDCap electronic data 
tools hosted at Duke University.18,19 The study is approved 
by the Duke University IRB, as the single IRB.

Pharmacogenetic testing and 
phenotype assignment

Six clinical sites are conducting genotyping. Sites without 
local genotyping send samples to one of these sites for test-
ing. Each site is interrogating the CYP2D6 *2, *3, *4, *5, 
*6, *8, *9, *10, *17, *29, and *41 alleles in addition to copy 
number variation, as recommended by the Association of 
Molecular Pathology.20 Results are entered into the EHR 
as discrete variables at all sites.

The process for assigning CYP2D6 phenotype based on 
genotype results is shown in Figure 2. An activity value is 
assigned for each allele. Activity values are then summed 
to derive the activity score, which is adjusted as needed to 
account for phenoconversion. The activity score is mul-
tiplied by 0.5 for moderate inhibitors and by 0 for strong 
inhibitors, with inhibitors defined by US Food and Drug 
Administration (FDA) guidance and shown in Figure 2.21 
An online calculator was designed for use in the trial 
to enable a standardized approach to phenoconversion 
calculation.22
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The adjusted activity score is used to assign CYP2D6 phe-
notype (Figure 2). Whereas the Clinical Pharmacogenetics 
Implementation Consortium (CPIC) assigns the IM phe-
notype to patients with an activity score of >0 and <1.25, 
only patients with an activity score >0 to 0.75 are consid-
ered IMs for this study given both the significant variability 
in enzyme activity across the broader IM classification and 
results from CYP2D6- guided opioid prescribing pilot stud-
ies that defined IMs using the lower score range.9,14,23,24 
The genotyping assays across sites detect allele duplica-
tion, but they do not detect which allele is duplicated or 
multiplicated or the number of allele copies. A ranged 
phenotype is assigned when the phenotype cannot be de-
finitively assigned based on copy number variation (e.g., 
IM to UM phenotype assigned for the *4/*17 genotype 
when duplication of one of the alleles is detected).

Phenotype- based recommendations

For PMs, IMs, and UMs, a non- CYP2D6- metabolized opi-
oid (e.g., hydromorphone and morphine) or non- opioid 

analgesic is recommended (Figure 2). Tramadol, a DEA 
schedule IV opioid, is recommended as the preferred opi-
oid for adult normal metabolizers (NMs) given its opioid 
and non- opioid mechanisms and purported lower risk 
for misuse.25,26 Tramadol is not recommended for pedi-
atric patients (age < 18 years) given contraindications to 
tramadol use in this population.27 No recommendations 
are provided in PMs or IMs treated with oxycodone based 
on conflicting data regarding the impact of CYP2D6 phe-
notype on pain response.6,9,28,29 However, there are data to 
suggest UMs are at increased risk for toxicity with oxyco-
done exposure.30 Thus, although not part of the primary 
hypothesis, avoidance of oxycodone in UMs is also recom-
mended for safety reasons.

Recommendations are delivered across sites in the 
form of a written consult note placed in the EHR and/or 
automated provider alerts within the EHR (Table 1). Alerts 
are triggered when hydrocodone, tramadol, or codeine is 
ordered for a participant with the PM or IM phenotype 
or when hydrocodone, tramadol, codeine, or oxycodone 
is ordered for a participant with the UM phenotype. One 
or both mechanisms for delivering recommendations 

T A B L E  2  Data collection schedule

Outcome
Data source/
instrument Baselinea

10 ± 3 days 
postsurgery

1 month ± 7 days 
postsurgery

3 month ± 14 days 
postsurgery

6 month ± 14 days 
postsurgery

Pain intensity PROMIS pain 
intensity scale

X X X X X

Pain intensity PROMIS NPRS X X X X X

Daily opioid dose 
and type of 
opioid

Average daily 
MMEs use of 
opioids since 
discharge

X X

Opioid use 
disorder

PROMIS –  
Prescription 
pain medication 
misuse subscale

X X X

Mobility PROMIS mobility X X X X X

Opioid side effects Adapted 
medication side 
effect survey 
(SPACE)44,45

X X X X X

Opioid persistence Custom survey X

Well- being PROMIS 43/
PROMIS Peds37

X X X X

Awareness of 
genotype 
results 
(Intervention 
arm only)

Custom survey X

Abbreviations: MMEs, morphine milligram equivalents; NPRS, Numeric Rating Scale –  Pain Intensity; PROMIS, Patient Reported Outcomes Measurement 
Information Systems.
aBaseline surveys are administered within 45 days of surgery.
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account for phenoconversion. An example of a consult 
note and alert are shown in Figures 3 and 4.

Data analysis

The primary end point is the Silverman Integrated 
Analgesic Assessment (SIA) score, which is a composite 

of pain intensity (composite of current pain and worst 
and average pain in the past 7 days) and opioid usage 
at 10 days postsurgery.31 This composite end point was 
chosen based on data from the pilot trial suggesting that 
pain intensity would be similar between arms, but that 
less opioid (in morphine milligram equivalents [MMEs]) 
would be needed in the intervention arm to achieve 
a similar pain intensity as in the control arm.14 Opioid 

F I G U R E  2  CYP2D6 phenotype assignment and phenotype- based opioid prescribing recommendations for participants in the 
intervention arm. *Based on CYP2D6 genotype and use of moderate or strong CYP2D6 inhibitors. Abiraterone, cinacalcet, duloxetine, and 
mirabegron are moderate inhibitors and reduce the activity score by 50%. Bupropion, fluoxetine, paroxetine, quinidine, and terbinafine 
are strong inhibitors that reduce the activity score to 0. †Phenotype definitions differs from Clinical Pharmacogenomic Implementation 
Consortium and Dutch Pharmacogenetics Working Group consensus definitions. Whereas sites detect copy number variation, they do 
not detect which allele is duplicated or multiplicated. This can result in a ranged phenotype. Given the potential for the IM and/or UM 
phenotype, recommendations consistent with these phenotypes are provided. In the case of copy number variation leading to ranged 
phenotypes, recommendations are provided to avoid hydrocodone, tramadol, or codeine for the IM to NM ranged phenotype and to avoid 
hydrocodone, tramadol, codeine, or oxycodone for the IM to UM and NM to UM ranged phenotypes. AS, activity score; IM, intermediate 
metabolizer; NM, normal metabolizer; PM, poor metabolizer; UM, ultra- rapid metabolizer.
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usage is calculated as the difference between participant- 
reported opioid tablets prescribed and tablets remaining 
at the 10- day timepoint, expressed as MME using stand-
ard conversion factors and the strength of the prescribed 
opioid,32 and standardized by the number of days since 
hospital discharge. Secondary end points include indi-
vidual components of the composite primary outcome; 
mobility score at 1 month; prescription pain medication 
misuse at 3  months; opioid persistence, overall well- 
being, and subdomains of overall well- being (pain inter-
ference, physical function, sleep disturbance, social role 
and activities functioning, fatigue, anxiety, and depres-
sion) at 6 months; and concordance between metabolizer 
phenotype and prescribed medication. The analysis is 
an intent to treat study design, and primary and second-
ary end points will be compared between the interven-
tion and control arms in the subset of participants with 
the PM or IM phenotype based on genotype and pheno-
conversion. End points will be compared between arms 

using a two- sided t- test or Mann– Whitney U test, as ap-
propriate. In addition to the intent to treat analysis, a per- 
protocol subgroup analysis is also planned. If there is an 
imbalance in baseline characteristics, including surgery 
type, between trial arms, a covariate- adjusted sensitivity 
analysis, accounting for differences between groups, will 
be conducted.

Power calculations were based on data from the pilot 
trial suggesting provider adherence to CYP2D6- guided rec-
ommendations for intervention arm participants with an 
actionable phenotype was >70% and a Cohen's D of 0.375.14 
Including 304 IMs or PMs (152 in each arm) is estimated 
to provide 90% power to detect a standardized effect size of 
0.375 for SIA score between arms with a two- sided type 1 
error rate of 0.049 to account for a single interim analysis of 
the primary end point.33 Additional assumptions were that 
10% would drop out or be lost to follow- up, and an additional 
7% would not proceed to surgery. The total sample size is de-
pendent on the prevalence of the IM or PM phenotype; 1518, 

F I G U R E  3  Example of an ADOPT PGx Consult Note. The note shown is for a CYP2D6 poor metabolizer as the result of taking a strong 
CYP2D6 inhibitor. Bulleted text are the required elements per the ADOPT PGx Clinical Decision Support Working Group Guidelines for 
consult notes. Consult note format and wording varied among sites, but all included these common elements. ADOPT PGx, A Depression 
and Opioid Pragmatic Trial in Pharmacogenetics; CPIC, Clinical Pharmacogenetics Implementation Consortium; FDA, US Food and Drug 
Administration; MRN, Medical Record Number.
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1732, or 2020 participants will need to be enrolled if 24%, 
21%, or 18% have the IM or PM phenotype, respectively.

RESULTS

The trial enrolled its first participant in March 2021. 
Enrollment was initially expected to be completed by 
December 2022; however, with delays caused by the pan-
demic, the enrollment period was extended to June 2023, 
with follow- up planned through April 2024. As of March 
2022, the trial has enrolled 504 participants. The major-
ity of patients enrolled to date were scheduled to undergo 
total joint arthroplasty (89%) or spinal (6%) surgery. Of 
191 participants randomized to the genotype- guided arm 
who have undergone surgery to date, 185 (97%) had geno-
type results available prior to their procedure.

Table  3 summarizes challenges faced to date and ac-
tions taken to overcome these. Unanticipated recruitment 
challenges include temporary holds placed on elective 
surgeries and limits to clinic access by research staff as a 
result of the coronavirus disease 2019 (COVID- 19) pan-
demic, restrictions placed on opioid prescribing in some 
states in an effort to combat the opioid epidemic, and 
changes in opioid prescribing practices away from the 
drugs of interest in the trial. Anticipated challenges as a 

result of the pragmatic trial design include the inability 
to completely mask participants to the study arm and to 
mask patients in the intervention arm to their genotype 
results. This is because genotyping is done clinically, with 
results placed in the EHR and accessible through patient 
portals. Finally, we faced a challenge with quantifying opi-
oid consumption for participants prescribed liquid dosage 
forms. We ultimately decided to avoid enrolling patients 
for whom liquid opioid prescriptions were anticipated. In 
the event that, despite this, a participant was prescribed 
a liquid dosage form, the investigator team conceded 
that because of the difficulty with quantifying intake, we 
would not capture opioid consumption for these patients.

DISCUSSION

Data from a single center pilot trial suggested that a 
CYP2D6- guided approach to opioid prescribing following 
total hip or knee arthroplasty reduces opioid consumption 
without compromising pain control. The current trial aims 
to examine the efficacy of CYP2D6- guided opioid prescrib-
ing in a larger, multisite cohort of patients undergoing vari-
ous types of surgery where a high pain burden is expected. 
If results from the pilot trial are confirmed, they could in-
form an important change in the approach to postoperative 

F I G U R E  4  Example of an ADOPT PGx Automated Alert. The alert shown is for a CYP2D6 poor metabolizer prescribed tramadol. A 
similar alert fires when hydrocodone or codeine is prescribed. Bulleted text are the required elements per the ADOPT PGx Clinical Decision 
Support Working Group Guidelines for automated alerts. ADOPT PGx, A Depression and Opioid Pragmatic Trial in Pharmacogenetics.
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pain management that may result in improved postopera-
tive pain control with decreased opioid use.

Postoperative pain is a major concern for patients.34,35 
Indeed, there is significant interpatient variability in re-
sponse to opioid analgesics, and CYP2D6 PMs and IMs 
may attain little to no relief from some opioids prescribed 
for postsurgical pain (i.e., hydrocodone, tramadol, and co-
deine). Opioid misuse and addiction are additional con-
cerns with postoperative opioid use, and there is evidence 
that 6% of opioid naïve patients who fill a peri- operative 
opioid prescription continue to use opioids 3– 6 months 
following a surgical procedure.36,37 Seeking pain relief is a 
major reason cited for opioid misuse.38,39 Therefore, opti-
mizing opioid prescribing through precision medicine ap-
proaches not only may lead to more effective management 
of postoperative pain, but in doing so, may minimize the 
potential for opioid misuse and persistence.

This trial is using a pragmatic clinical trial design, 
which is expected to more closely align with usual care 
than a randomized controlled trial, thereby maximizing 
the generalizability of findings to real world practice.40 
A major pragmatic feature of the trial is that although 
CYP2D6- based recommendations are provided, the pre-
scribing decision is ultimately left to the provider. To 
enhance recommendations’ acceptance, all sites deliver 
provider education on CYP2D6 phenotype effects on 
opioid response at baseline and provide treatment rec-
ommendations based on phenotype. In our pilot trial of 
CYP2D6- guided postoperative pain management, which 
used a similar design and education strategy, phenotype- 
guided recommendations were followed for those with 
the PM, IM, or UM phenotype 72% of the time, giving us 

confidence in this trial that recommendations will be fol-
lowed for a high percentage of the time. The method of 
communicating phenotype- based recommendations var-
ies across sites, in line with the pragmatic design. A per- 
protocol analysis of participants whose prescribed opioid 
is consistent with recommendations is planned in the 
event of variable concordance between the recommended 
and prescribed opioid across sites. Whereas a limitation of 
our trial design is that it is not possible to completely mask 
participants to their study arm or pharmacogenetic results 
for those in the intervention arm, similar SIA scores be-
tween the intervention and control arm participants with 
a NM phenotype would provide confidence that results 
were not impacted by a placebo effect. In addition, the 
final survey administered to those in the intervention arm 
assess whether participants became aware of their results 
at any point during the trial, which will provide a mech-
anism to specifically test any impact of a placebo effect.

We have encountered several challenges in the early 
stages of the trial. Holds on elective surgeries during pe-
riods of pandemic- related surges have caused halts to 
enrollment and the need in some cases to reschedule sur-
geries for patients already enrolled. The team made the 
decision to expand the original timeline for completing 
the trial by 6 months and are exploring expansion of en-
rollment to additional clinics to increase the enrollment 
rate. Restrictions limiting study staff access to surgery 
clinics have further impacted trial enrollment and neces-
sitated remote (i.e., via telephone call) recruitment and 
enrollment procedures.

Restrictions on opioid prescribing in some states, 
where only a 3- day supply is allowed, create a challenge in 

T A B L E  3  Trial challenges and measures to address challenges

Challenge Measure to address challenges

Hold on elective surgical procedures as a result of the  
pandemic

Extended the trial enrollment period by 6 months and seeking additional clinics from 
which to enroll patients to increase the enrollment rate after holds have ended

Institutional restrictions as a result of the pandemic  
limiting research staff access to surgery clinics

Remote recruitment, consent, and sample collection procedures put into place

Opioid prescribing restrictions Agreement among investigators to focus on enrolling patients undergoing 
procedures for which the usual opioid prescription is for at least 24 tablets of 
one of the opioids of interest

Changes in opioid prescribing patterns Sites conducting EHR data pulls to identify surgeons and surgery practices in which 
tramadol, hydrocodone, or codeine are commonly prescribed for pain management

Periodic assessment of opioids prescribed to ensure that the drugs of interest are 
being used

Quantification of liquid dosage forms for  
patient reported utilization

Avoid enrolling patients anticipated to be prescribed a liquid dosage form. In the 
event that a liquid was prescribed, opioid consumption would not be captured

Participants not completely masked to trial arm  
or genotype results

Leverage data from intervention and control arm participants with a normal 
metabolizer phenotype to help determine if a placebo effect exists.

Query participants in the genotype- guided arm about whether they became aware 
of their results over the course of the trial

Abbreviation: EHR, electronic health record.
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identifying appropriate participants for enrollment. These 
restrictions make it more difficult to determine which pa-
tients are expected to have a higher pain burden and con-
tinued opioid use, who we are targeting for the trial. To help 
provide clarity on this, sites agreed to focus on procedures 
for which the usual opioid prescription is for at least 24 tab-
lets of one of the opioids of interest (hydrocodone, tramadol, 
or codeine), as this is the maximum number of tablets that 
can be prescribed in a 3- day period per tramadol and hy-
drocodone labeling. Thus, in states where a 3- day restriction 
exists, a prescription for 24 tablets would be an indication 
that the surgeon is trying to maximize the number of pills 
in the 3- day prescription in anticipation of significant pain.

Another concern that arose was the change in opioid 
prescribing practices away from the drugs of interest at 
some sites and how this might impact the value of the 
trial. Many surgeons are now prescribing oxycodone for 
postoperative analgesia, and based on communication 
with surgeons, this preference appears to be related, at 
least in part, to concerns about interpatient variability in 
response to hydrocodone, tramadol, and codeine, which is 
precisely what our trial is addressing. Therefore, although 
it reduces our patient base from which to enroll, it points 
to the clinical importance of the trial. Minimizing opioid 
exposure by following a multi- modal approach, remains of 
critical importance to the surgery community.41 Tramadol 
is the preferred opioid per this approach and is advocated 
for in the Enhanced Recovery Surgery Pathway given its 
opioid and non- opioid mechanisms and purported lower 
risk of misuse.25,26,41 If results from the trial are positive, 
they may be impactful for influencing future practice as it 
relates to postoperative pain management.

We acknowledge that few data are available to support 
genotype- guided recommendations for hydrocodone, but 
believe that the available data justify this approach. In par-
ticular, pharmacokinetic studies show lower concentra-
tions of the active hydromorphone metabolite in PMs and 
IMs.6,42,43 In addition, use of CYP2D6 inhibitors, which 
can mimic the IM or PM genotype, has been shown to 
reduce the drug's analgesic effectiveness.13 Moreover, our 
pilot studies of CYP2D6- guided opioid therapy support 
important effects of CYP2D6 phenotype on hydrocodone 
response.9,14 We also acknowledge differences in CYP2D6 
IM phenotype assignment compared to recent consensus 
definitions by pharmacogenetic guideline groups.23 Our 
pilot studies of CYP2D6- guided therapy began prior to 
the definition updates; at the time of study initiation, the 
CPIC definition of IMs conformed with the study defi-
nition.9,14 The new definition of an IM includes a much 
higher percentage of the population, who may have less 
drug metabolism impairment than with the older, more 
conservative definition of an IM. This, along with the pos-
itive findings from our pilot studies, where we used the 

more conservative definition of an IM, led the study prin-
cipal investigators to continue defining IMs as those with 
a lower activity score (i.e., >0 to ≤0.75).

In summary, this trial will provide data on the clini-
cal utility of CYP2D6- guided opioid selection. Positive 
findings would support CYP2D6 genotyping in practice to 
inform individualized opioid prescribing to improve post-
operative pain control and reduce opioid- related risks.
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