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Purpose: CYP2D6 bioactivates codeine and tramadol, with intermediate and poor metabolizers 

(IMs and PMs) expected to have impaired analgesia. This pragmatic proof-of-concept trial tested 

the effects of CYP2D6-guided opioid prescribing on pain control.

Methods: Participants with chronic pain (94% on an opioid) from 7 clinics were enrolled into 

CYP2D6-guided (n=235) or usual care (n=135) arms using a cluster design. CYP2D6 phenotypes 

were assigned based on genotype and CYP2D6 inhibitor use, with recommendations for opioid 

prescribing made in the CYP2D6-guided arm. Pain was assessed at baseline and 3 months using 

PROMIS® measures.

Results: On stepwise multiple linear regression, the primary outcome of composite pain intensity 

(composite of current pain and worst and average pain in the past week) among IM/PMs initially 

prescribed tramadol/codeine (n=45) had greater improvement in the CYP2D6-guided versus usual 

care arm (−1.01±1.59 versus −0.40±1.20; adj-P=0.016); 24% of CYP2D6-guided versus 0% of 

usual care participants reported ≥30% (clinically meaningful) reduction in the composite outcome. 

In contrast, among normal metabolizers prescribed tramadol or codeine at baseline, there was no 

difference in the change in composite pain intensity at 3 months between CYP2D6-guided 

(−0.61±1.39) and usual care (−0.54±1.69) groups (adj-P=0.540).

Conclusion: These data support the potential benefits of CYP2D6-guided pain management.
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INTRODUCTION

Over 100 million Americans suffer from pain,1 and opioids are widely prescribed for pain 

management. Nearly half of all opioid prescriptions are from primary care practice settings.2 

Overprescribing of opioids is widely considered to contribute to the opioid crisis of misuse, 

abuse, and overdose.3 Therefore, it is important to implement primary care interventions that 

improve assessment of opioid-related risks and benefits and guide safe and effective 

prescribing for pain.

Tramadol, codeine, hydrocodone, and oxycodone comprise the majority of opioids 

prescribed in the US.4 The cytochrome P450 2D6 (CYP2D6) enzyme bio-activates codeine 

to morphine and tramadol to O-desmethyltramadol (M1), which have 200-fold greater 

affinity for the µ-opioid receptor than their parent compounds.5 Thus, the parent compounds 

have little to no analgesic effect relative to their metabolites.6 CYP2D6 also converts 

oxycodone to oxymorphone and hydrocodone to hydromorphone, which also have higher 

affinity for the µ-opioid receptor than their parent compounds.5

The CYP2D6 gene is highly polymorphic, which translates to enzymatic activities ranging 

from non-functional (i.e. poor metabolizers; PM) to increased function (i.e. ultra-rapid 

metabolizers; UM). The CYP2D6*3, *4, *5, and *6 alleles are non-functional alleles that 

occur secondary to frameshift mutations (*3, *6), splicing defects (*4), or whole gene 

deletion (*5).5 PMs have two non-functional alleles and cannot metabolize CYP2D6 

substrates. Compared to normal metabolizers (NMs), PMs have lower concentrations of the 
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active metabolites of codeine, tramadol, hydrocodone, or oxycodone.7–10 Intermediate 

metabolizers (IM) possess one non-functional and one reduced function allele and have 

significantly reduced enzyme activity compared to NMs.5 Although less well studied, IMs 

are at risk of reduced biotransformation of CYP2D6-mediated opioids to more potent 

metabolites, conferring decreased analgesia.5,11 On the other hand, UMs have multiple 

copies of functional alleles and are at risk for toxic concentrations of active metabolites of 

CYP2D6 metabolized opioids, with reports of life-threatening toxicity and death.12–15 The 

frequencies of PM, IM, and UM phenotypes range from 5–10%, 5–11%, and 3–29%, 

respectively, in different populations.5,16

Concomitant use of CYP2D6 inhibitors can also reduce CYP2D6-mediated metabolism and 

cause phenoconversion, which changes the phenotype the patient would have based on their 

genetics. For example paroxetine, a strong CYP2D6 inhibitor17 has been shown to 

phenoconvert patients genotypically classified as NMs to PMs. Phenoconversion is likely 

common, as data indicate approximately 20–30% of patients treated for pain are prescribed a 

CYP2D6 inhibitor.18,19

Prescribing of opioids metabolized by CYP2D6 represents an excellent opportunity for 

precision medicine given common CYP2D6 genotype variability and frequent CYP2D6 

inhibitor use, both of which may influence efficacy of opioids metabolized via CYP2D6. 

The Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines recommend 

against codeine use in CYP2D6 PMs and UMs and advise against use of tramadol, and to a 

lesser extent, hydrocodone and oxycodone as alternatives.5 Although the data are less clear, 

genotyping may also be informative for hydrocodone or oxycodone prescribing. To our 

knowledge, there are no data on the effect of clinical implementation of a CYP2D6-guided 

approach to opioid prescribing on clinical outcomes of pain control. This trial tested whether 

CYP2D6-guided opioid prescribing improves chronic pain control for patients managed in 

primary care and specialty clinics.

PATIENTS AND METHODS

Design

This pragmatic, proof-of-concept trial employed a non-randomized, open-label, prospective, 

cluster design to compare CYP2D6-guided versus usual management of chronic pain over 3 

months. According to the PRagmatic-Explanatory Continuum Indicator Summary 

(PRECIS)-2 tool, this trial was highly pragmatic as opposed to explanatory in 7 of 9 

domains assessed (Table S1).20 Patients were enrolled between May 2015 and June 2017 

from 7 University of Florida (UF) Health primary care clinics designated as either CYP2D6-

guided (n=4) or usual care (n=3) clinics.

Study participants

Eligible participants were ≥18 years of age; being managed for chronic pain, defined as pain 

≥3 months, at one of the participating clinics; and receiving or eligible to receive an opioid. 

Patients with prior CYP2D6 genotype results were excluded. There were no inclusion 

criteria related to timing of opioid initiation, type of opioid used, or level of pain control. 
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Patients were referred for study participation by physicians in participating clinics. 

Physicians were encouraged to refer patients with poorly controlled pain or patients for 

whom a change in pain therapy was being considered. All participants provided written, 

informed consent. The study was approved by the UF Institutional Review Board, and all 

procedures were in accordance with the ethical standards of the Declaration of Helsinki. The 

trial is registered at ClinicalTrials.gov: NCT02335307.

Intervention

Participants enrolled from CYP2D6-guided clinics provided a buccal cell sample for 

CYP2D6 genotyping, with genotype results reported in their electronic health record (EHR). 

Participants enrolled at usual care clinics also provided a buccal cell sample, which was 

stored until the end of their participation (3 months) and then used for genotyping if the 

participant desired, with results reported in their EHR.

CYP2D6 genotyping and phenotype assignment

CYP2D6 genotype was determined using a Luminex xTAG CYP2D6 Kit v3 (Luminex 

Corporation, Austin, TX, USA) at the UF Health Pathology Laboratories. Each allele was 

assigned an activity score, consistent with CPIC recommendations.5 A score of 1 was 

assigned for each normal activity allele (i.e., *1, *2, *35), 0.5 for each decreased activity 

allele (i.e., *9, *10, *17, *29, *41), and 0 for each no activity allele (i.e., *3-*8, *11, *15). 

Phenotype was assigned based on the sum of scores (i.e. gene score): 0, PM; 0.5, IM; 1–2, 

NM; and >2, UM. The genotyping assay also detected allele duplication but not which allele 

was duplicated or the number of allele copies. Therefore, ranged phenotypes were possible 

(e.g. NM to UM). Genotype and phenotype results were reported as discrete variables in the 

EHR in the laboratory results section to enable electronic clinical decision support to alert 

providers of the PM, IM, or UM phenotype in the event that a CYP2D6 metabolized opioid 

was prescribed in the future.

A pharmacist refined phenotype assignment for participants taking a CYP2D6 inhibitor 

using methods described elsewhere21 and referenced in CPIC guidelines.5 Specifically, 

interacting medications, as defined by the FDA,17 were accounted for by multiplying the 

gene score by an inhibitor factor, which was 0 for strong (e.g. bupropion, fluoxetine) and 0.5 

for moderate (e.g. duloxetine) inhibitors.17 Figure S1 provides an overview for obtaining and 

applying CYP2D6 genotype data to patient care.

Recommendations based on CYP2D6 phenotype

For participants in the CYP2D6-guided arm, pharmacists provided recommendations to 

physicians for opioid prescribing based on the assigned CYP2D6 phenotype (Tables S2-S3). 

Similar to CPIC guidelines,5 recommendations focused on opioids metabolized by CYP2D6 

(codeine, tramadol, oxycodone, and hydrocodone) and were for alternative therapy in PMs 

and UMs secondary to the risk of ineffectiveness and toxicity, respectively. A key difference 

between CPIC guidelines and recommendations provided in this trial was that 

recommendations were also made for alternative therapy in IMs taking codeine, tramadol, 

oxycodone, and hydrocodone if pain was not well controlled. The recommendation was 

delivered to the prescriber via a clinical consult note in the EHR within 2 weeks after the 

Smith et al. Page 4

Genet Med. Author manuscript; available in PMC 2019 August 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ClinicalTrials.gov


result returned or prior to the next patient visit. The prescriber was notified of the consult 

note via email or an in-basket message within the EHR, per their preference. To maintain a 

pragmatic approach, ultimate prescribing decisions were left to the provider. This allowed 

the physician to account for other factors important in care (e.g. control of pain on current 

therapy). Genotype results were not actively reported to patients as part of the study.

Data collection and outcome measures

Baseline data collected consisted of clinical data and patient reported outcomes via the Pain 

Collaborative Health Outcomes Information Registry (CHOIR).22 Medication and Pain-

CHOIR data were also collected at three months. Patients completed the baseline Pain-

CHOIR questionnaire on an electronic device (or the study coordinator read the 

questionnaire from the device) in the clinic at the time of enrollment or by telephone on the 

same day or approximately one week after the clinic visit. Similarly, the 3-month data were 

collected in clinic, or if the patient did not have a clinic visit at the 3-month time point, via 

telephone. Pain-CHOIR utilized computer adaptive testing (CAT), which delivered select 

questionnaire items based on previous responses to minimize question burden while 

maintaining test reliability. Pain-CHOIR collected patient-reported pain intensity, opioid-

related aberrant behavior,23 pain catastrophizing,24 and the following Patient Reported 

Outcomes Measurement Information System (PROMIS®) measures: anger, anxiety, 

depression, fatigue, pain behavior, pain interference, physical function, sleep disturbance, 

and sleep-related impairment.25 Medication data were collected from the EHR.

Pain intensity was measured in four domains: current, worst, least, and average. The latter 

three were reflective of pain over the past week. All pain intensity measurements are 

reported on a scale from 0–10, with 10 indicating the highest level of pain. The composite 

pain intensity was defined as the mean of the pain intensity current, worst, and average. This 

is similar to “characteristic pain intensity” seen elsewhere in the literature, but on a 0–10 

scale.26

The primary outcome was change in the composite pain intensity from baseline to 3 months 

in patients with the IM or PM phenotype (IM/PMs) treated at baseline with tramadol or 

codeine. This is the group with the greatest potential for benefit with a CYP2D6-guided 

approach. The secondary outcome used the same group of patients and examined the percent 

of participants with ≥30% reduction in the composite pain intensity, a marker of a clinically 

significant pain reduction.27 Outcomes were compared between the CYP2D6-guided and 

usual care arms. The same analyses were conducted separately for patients treated with 

hydrocodone, patients treated with oxycodone, and all patients who completed the 3-month 

follow-up. While underpowered in these analyses, we sought to gain insight into whether 

CYP2D6 influenced pain response in these populations.

Implementation metrics examined included the percent of participants in the usual care arm 

agreeing to genotyping at 3 months and genotype turnaround time. In addition, as a marker 

of the intervention’s fidelity, changes in pharmacotherapy consistent with phenotype 

assignment were assessed for each participant. Changes considered consistent with 

recommendations made in IM/PMs were: 1) addition of a non-opioid analgesic in place of 

an opioid metabolized predominately via CYP2D6, 2) addition of an opioid not 
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predominantly metabolized by CYP2D6 (e.g. morphine) in place of an opioid with 

CYP2D6-mediated metabolism, and 3) removal of a CYP2D6 inhibitor in a participant 

prescribed an opioid with CYP2D6-mediated metabolism and judged as IM or PM based on 

drug interactions but NM based on genotype. The NM phenotype may be associated with 

any type of pharmacotherapy option.

Data analysis

Baseline characteristics were compared between CYP2D6-guided and usual care arms using 

a two-sample t-test, chi-square analysis, or Fisher’s exact test as appropriate. Multiple linear 

regression was used to compare the change in composite pain intensity between arms. 

Covariates entered into a stepwise regression model were group assignment, age, sex, race, 

baseline characteristics (medical history, type and duration of pain, opioid and non-opioid 

analgesic use) that differed between arm with P<0.2 on univariate analysis and baseline 

patient-reported outcomes (i.e. composite pain intensity, pain catastrophizing, opioid-related 

aberrant behavior, and PROMIS® measures) also differing between arm with P<0.2. The five 

pain intensity dimensions (composite, current, worst, least, and average) exhibited 

collinearity; therefore, the baseline pain intensity dimensions that did not match the outcome 

variable in the model were excluded. Covariates with P<0.05 remained in the final linear 

regression model. P values generated from multiple linear regression are denoted as adjusted 

P values (adj-P).

The methodology for the primary analysis was repeated for secondary analyses of other pain 

intensity dimensions (current, worst, least, and average). All pain intensity dimensions were 

assessed for different patient groups described above. A P <0.05 was considered statistically 

significant. Secondary outcomes were not adjusted for multiple comparisons and findings 

are considered exploratory.

One of our goals was to assess the feasibility of conducting a study of genotype-guided pain 

management to inform a larger trial. As such, sample size was one of convenience and based 

on the expected number of patients who could be recruited over the course of the trial, and 

the power calculation was performed post hoc rather than a priori. With 45 IM/PMs 

prescribed tramadol or codeine at baseline (CYP2D6-guided n=29; usual care n=16), there 

was 80% power to detect an effect size of ≥0.89, which is equivalent to a difference in pain 

intensity score of 1.25 (or 18% difference in score), assuming an average pain intensity of 

6.9 and standard deviation of 1.4. This represents adequate power as these differences are 

smaller than previous descriptions of a clinically meaningful difference (~30%).28,29 All 

analyses were conducted using SAS version 9.4 (SAS, Cary, NC).

RESULTS

Study participants

A total of 370 of 375 (99%) participants completed baseline measures (Figure 1), and their 

characteristics are shown in Table 1. The mean age of study participants was 59 years, and 

most were of European ancestry (71%), with chronic back or arthritis pain (93%). The mean 

composite pain intensity of the study population was 6.55 out of 10 (i.e. moderate to high 
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level of pain),29 and most were prescribed an opioid at baseline (94%); tramadol was most 

commonly prescribed (45%). Seventy-three percent were on a single opioid, and 20% had 

two or three opioids listed on their baseline medication profile. Baseline differences between 

the CYP2D6-guided and usual care arms included race, duration and type of pain, opioid 

prescribed, non-opioid analgesic use, and history of emotional disorder.

A total of 345 participants (93%) completed 3-month follow-up (Figure 1). Their CYP2D6 

phenotypes based on genotype were similar in frequency to those previously reported (Table 

2), and differed by race (Table S4).5 The percent of participants with a CYP2D6 IM or PM 

phenotype increased from 10% to 35% after drug interactions were considered, and was 

similar between Whites and Blacks (Table S4). The most commonly prescribed inhibitors 

causing phenoconversion were duloxetine (n=47), bupropion (n=30), fluoxetine (n=14), and 

paroxetine (n=7).

Change in pain intensity

One participant with incomplete PROMIS® measure data was excluded. Analysis proceeded 

in the remaining 344 participants. Change in pain intensity composite among IM/PMs 

prescribed tramadol or codeine at baseline, favored the CYP2D6-guided group compared to 

the usual care group (−1.01±1.59 versus −0.40±1.20; adj P=0.016; Figure 2; Table S5; 

covariates for adjusted analyses are listed in Tables S5-S6). Reductions in pain intensity 

composite were similar between IMs and PMs (data not shown). Within the same subgroup 

of IM/PMs prescribed tramadol or codeine at baseline, significantly more participants in the 

CYP2D6-guided group experienced a 30% reduction in composite pain intensity (7 of 29 

[24%]) compared to the usual care group (0 of 16 [0%]; P=0.040). Contrarily, among NMs 

prescribed tramadol or codeine at baseline, there was no difference in the change in 

composite pain intensity at 3 months (−0.61±1.39 versus −0.54±1.69; adj P=0.540; Figure 2; 

Table S5) or the percent with a 30% reduction in composite pain intensity (9 of 51 [18%] 

versus 11 of 64 [17%]; P=0.949) between CYP2D6-guided and usual care groups, 

respectively. In the overall population (all CYP2D6 phenotypes combined) treated with 

tramadol and codeine at baseline, there was no difference in the composite pain intensity 

between CYP2D6-guided (−0.72±1.46) and usual care (−0.41±1.71; adj P=0.078) groups, 

though there were trends for benefit of a CYP2D6-guided approach.

The hydrocodone-treated IM/PMs exhibited trends in pain improvement between CYP2D6-

guided and usual care groups similar to that observed with tramadol and codeine. In a post 
hoc analysis of 70 IM/PMs prescribed hydrocodone, tramadol, or codeine at baseline, the 

CYP2D6-guided group had a greater reduction in composite pain intensity (−0.84±1.51) 

compared to the usual care group (−0.12±1.32; adj P=0.019; Figure 3, Table S6). There was 

no difference in the percent with a 30% reduction in composite pain intensity in the 

CYP2D6-guided (8 of 51 [16%]) versus usual care (0 of 19 [0%]; P=0.097) groups. Among 

NMs prescribed hydrocodone, tramadol, or codeine at baseline, the change in composite 

pain intensity (−0.41±1.51 and −0.34±1.79; adj P=0.447; Figure 3, Table S6) and percent 

with a 30% reduction in composite pain intensity (13 of 81 [16%] and 11 of 76 [14%]; 

P=0.784) were similar in the CYP2D6-guided and usual care groups, respectively.
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In contrast to the findings for tramadol, codeine and hydrocodone, among the 47 IM/PMs 

prescribed oxycodone at baseline, the CYP2D6-guided group experienced less improvement 

in composite pain intensity compared to the usual care group (−0.02±1.09 vs −0.87±0.67; 

adj P=0.024), respectively. There was no difference in the percent with a 30% reduction in 

the composite pain intensity in CYP2D6-guided (4 of 44 [7%]) and usual care (1 of 10 

[9%]) groups (P>0.99). There was no difference in change in composite pain intensity in 

oxycodone-treated NMs in CYP2D6-guided (−0.05±1.56) and usual care (−0.25±1.31) arms 

(adj P=0.140).

Data for pain intensities worst, least, average and current are reported in Supplemental 

Tables S5-S6.

Implementation metrics

Of the 128 participants in the control group, 126 (98%) agreed to clinical genotyping on 

study completion. The median genotype turnaround time was 8 (IQR 7–13) days. Among 

participants in the CYP2D6-guided arm, changes in pharmacotherapy consistent with IM 

and PM phenotypes occurred more often in IM/PMs (23%, 21 of 93) compared to NMs (9%, 

10 of 116; P=0.005). The most common change was addition of nonopioid therapy in place 

of an opioid metabolized by CYP2D6 (n=16 of 21 [76%]). Within the IM/PM subgroup in 

the guided arm who were taking tramadol or codeine at baseline, there was no significant 

change in composite pain intensity between patients with a medication change (per EHR 

review) and those without (p=0.692), though it is possible that changes to over-the-counter 

(OTC) therapy were made, but we were unable to capture that information from the EHR. In 

the usual care arm, changes in pharmacotherapy were similar across phenotype groups (10% 

[3 of 29] of IM/PM vs. 8% [7 of 92] of NM participants; P=0.641).

DISCUSSION

This trial demonstrated successful implementation of CYP2D6-guided opioid therapy in the 

primary care setting and improved pain control in the population hypothesized to benefit 

most from this approach (i.e. IM/PMs prescribed tramadol or codeine). To our knowledge, 

this is the first prospective trial to examine pain control with CYP2D6-guided opioid 

prescribing.

The implementation was deemed successful as changes in pharmacotherapy consistent with 

recommendations made for IM/PM phenotypes were exhibited in IM/PMs but not NMs in 

the CYP2D6-guided group. In other words, actions consistent with CYP2D6-guided 

recommendations occurred more often where expected (IM/PM versus NM). The usual care 

group did not show differences in prescribing between IM/PM and NM participants, which 

implies the changes in pharmacotherapy in the CYP2D6-guided participants were due to the 

intervention. Other indicators of success include the efficient genotype turnaround and high 

acceptance of genotyping on study completion in the usual care arm.

In the CYP2D6-guided group, IM/PMs prescribed tramadol/codeine at baseline were more 

likely to have a clinically significant (i.e. ≥30%) reduction in pain intensity27 compared to 

the usual care arm. Together with the moderate to high pain level participants reported at 
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baseline (6.55 out of 10), our results suggest that future trials of CYP2D6-guided therapy 

should focus on patients with poorly controlled pain taking an opioid metabolized by 

CYP2D6. Moreover, the benefit of CYP2D6-guided therapy in IM/PMs was large enough to 

result in a change in composite pain intensity (P=0.078) that approached significance in all 

participants prescribed tramadol or codeine at baseline. Pharmacogenetic trials will require 

large sample sizes to detect overall population benefits, given that only a portion of the 

population can benefit from genotype-guided therapy.30,31 The trends for benefit in the 

overall population (despite not being powered for such) is encouraging regarding the 

potential population benefit for such an approach in an appropriately powered study.

Some have indicated concern that CPIC guidelines may lead to overuse of strong opioids 

(e.g. morphine).32 Our clinicians were more likely to move to a nonopioid when presented 

with a recommendation to avoid CYP2D6-metabolized opioids in IM/PMs. To our 

knowledge, this is the first assessment of clinician utilization of CYP2D6-guided therapy in 

the adult chronic pain population, and it suggests potential for this approach to reduce opioid 

use. Ineffective pain control is the most commonly reported motivation for patients to 

misuse opioids.33 A precision medicine approach to chronic pain management, with 

switching to nonopioid therapy in CYP2D6 IMs/PMs, may be a promising strategy to 

manage pain while helping to combat the opioid crisis.

Oxycodone-treated participants in our trial had less improvement in pain intensity in the 

CYP2D6-guided versus usual care arm. It is possible that greater pain severity in 

oxycodone-treated patients contributed to this finding. Nonetheless, our findings are 

consistent with previous studies in oxycodone-treated patients that have shown no effect of 

CYP2D6 genotype or use of CYP2D6 inhibitors on pain control, despite lower 

oxymorphone-to-oxycodone concentrations in PMs versus NMs,34-36suggesting that 

oxymorphone formation may not be critical for analgesic effects. In contrast, among 

hydrocodone-treated IM/PMs, we observed trends toward reduced pain intensity in the 

CYP2D6-guided versus usual care arm, suggesting that, similar to codeine and tramadol, 

CYP2D6 phenotype is important for hydrocodone response. This is consistent with previous 

evidence of reduced hydrocodone effectiveness in individuals taking CYP2D6 inhibitors.37

The pragmatic design led to important strengths in regard to external validity. First, because 

of the limited exclusion criteria, our results are generalizable to adults with varying 

etiologies of chronic pain managed in primary care clinics. The positive findings are 

encouraging as most patients (91%) experienced pain for over a year, and some would 

consider pain of this duration to be difficult to improve. Second, consistent with other 

reports,38 use of CYP2D6 inhibitors causing phenoconversion was high, which is likely a 

reflection of the high prevalence of comorbidities often treated with medications that inhibit 

CYP2D6 (e.g., depression, neuropathy) among patients with chronic pain. Third, like 

clinical practice, all prescribing decisions were at the physician’s discretion. This allowed 

for assessing the feasibility of CYP2D6 genotyping in clinical practice and its potential to 

advise therapy changes. Lastly, participants were receptive to genotyping as seen by near 

universal genotyping acceptance in the usual care group and low loss to follow-up in both 

groups.
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Limitations of this trial include the non-randomized, cluster design, which resulted in 

baseline differences between arms. However, significant differences in pain improvement 

were observed after accounting for baseline differences. A future study randomized at the 

patient level would be important to help ensure groups are well matched. Secondly, given the 

pragmatic design, patients were not blinded to group assignment. Had this biased patient 

reported outcomes, we would have anticipated improvements in pain intensity across 

phenotype groups in the CYP2D6-guided arm. Improvements in pain intensity in IM/PMs 

but not NMs increases our confidence that results were not secondary to confounding factors 

(e.g. placebo effect, difference in clinics). To minimize a placebo effect, results were not 

actively provided to patients. However, we cannot exclude that the prescriber discussed 

genotype results with the patient or that the patient viewed results through the patient portal 

of the EHR, which may have impacted pain scores. This is a natural limitation of a 

pragmatic design. The benefits of a pragmatic design however are that the external validity 

for outcomes in a real world setting is high. A third limitation is the difficulty in assigning 

phenotype for heterozygous genotypes with copy number variation (CNV) given the 

inability to determine which allele was duplicated. For example, for the *1/*4 genotype with 

CNV, the phenotype could range from NM (if *4 was duplicated) to UM (if *1 was 

multiplicated). Another limitation is that assessment of medications was through EHR 

review, and did not include assessment of OTC analgesics (e.g. NSAID). Given that in many 

cases when therapy was changed, it was to a non-opioid, the prescriber may have 

recommended that the patient use an OTC NSAID (perhaps at prescription level doses). We 

would not have captured this information and would have missed that a drug change was 

made. We also did not collect information on opioid formulation (i.e. short or long-acting) 

and cannot comment on whether results varied by formulation or use of combination therapy 

with a short- and long-acting opioid. Lastly, the median 8-day genotype turnaround time 

likely contributed to lower rates of adherence to pharmacist recommendations given that 

physicians may not act on results until patients return to clinic, which in some cases was 

after the 3-month study period. It is possible that this trial underestimates the potential 

benefit of CYP2D6-guided prescribing in IMs/PMs, particularly if a preemptive approach to 

genotyping is utilized.

In summary, the implementation of CYP2D6-guided care was shown to be feasible and 

yielded clinically relevant improvements in pain control among the subset of patients most 

expected to benefit. These results indicate CYP2D6 genotype testing may be a helpful 

addition to the primary care physician’s armamentarium in chronic pain management. A 

larger trial to further document the potential benefits of this precision medicine approach is 

warranted.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CONSORT flow diagram
Participants in the usual care group were offered genotyping at the 3-month follow-up.
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Figure 2. Change in composite pain intensity at 3 months for participants prescribed tramadol 
or codeine at baseline.
Represents the change in composite pain intensity from baseline to 3 months for participants 

with complete follow-up. These data represent 29 CYP2D6-guided and 16 usual care 

participants with the IM/PM phenotype and 51 CYP2D6-guided and 64 usual care 

participants with the NM phenotype. Covariates adjusted for in the analysis can be found in 

Table S5.
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Figure 3. Change in composite pain intensity at 3 months for participants prescribed 
hydrocodone, tramadol, or codeine at baseline.
Represents the change in composite pain intensity from baseline to 3 months for participants 

with complete follow-up. These data represent 51 CYP2D6-guided and 19 usual care 

participants with the IM/PM phenotype and 81 CYP2D6-guided and 76 usual care 

participants with the NM phenotype. Covariates adjusted for in the analysis can be found in 

Table S6.
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Table 1.

Baseline Participant Characteristics

Characteristic CYP2D6-Guided
(n = 235)

Usual Care
(n = 135) P- value

Age, years 58 ± 13 59 ± 12 0.465

Sex, female 156 (66) 96 (71) 0.348

Race

 White 183 (78) 80 (59)

 Black 41 (17) 44 (33) <0.001

 Other 11 (5) 11 (8)

Pain Management Indication
a

 Back pain 160 (68) 74 (55) 0.011

 Arthritis 134 (57) 76 (56) 0.892

 Nerve Damage and/or Pain 88 (37) 31 (23) 0.004

 Fibromyalgia 43 (18) 17 (13) 0.152

 Head, neck, or face pain 68 (29) 15 (11) <0.001

 Headaches (including migraines) 61 (26) 27 (20) 0.195

 Cancer 15 (6) 11 (8) 0.523

 Injury 20 (9) 5 (4) 0.076

 Surgery 10 (4) 2 (1) 0.147

 Trauma 6 (3) 3 (2) 0.842

Duration of pain

 <1 year 13 (6) 18 (13)

0.002 1-5 years 90 (38) 64 (47)

 >5 years 132 (56) 53 (39)

Any Opioid use
b 215 (91) 131 (97) 0.047

 Tramadol 84 (36) 81 (60) <0.001

 Hydrocodone 68 (29) 26 (19) 0.040

 Codeine 5 (2) 6 (4) 0.219

 Oxycodone 84 (36) 34 (25) 0.036

 Other opioid
c 32 (14) 8 (6) 0.029

Non Opioid Analgesic Use

 NSAID 133 (57) 91 (67) 0.041

 Acetaminophen 41 (17) 18 (13) 0.298

 SSRI or SNRI 116 (49) 54 (40) 0.082

 TCA 17 (7) 11 (8) 0.749

 Gabapentin or pregabalin 92 (39) 58 (43) 0.472

Pain Intensity Composite 6.50 ± 1.71 6.59 ± 1.86 0.615

Comorbidities

 Depression  126 (54)  60 (44) 0.089

 Anxiety  95 (40)  38 (28) 0.018

 Other psychiatric disorder  79 (34)  24 (18) 0.001
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Mean ± SD or No. (%)

a
Patients could have had >1 indication for pain management

b
Some patients prescribed >1 opioid at baseline

c
Morphine, fentanyl, hydromorphone, oxymorphone, methadone, buprenorphine/naltrexone
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Table 2.

CYP2D6 Phenotype Based on CYP2D6 Genotype versus Genotype plus CYP2D6 Inhibitor Use (n=343)
a

CYP2D6 Phenotype Genotype
Genotype + drug

interactions
c

PM 18 (5.3) 66 (19.2)

IM 17 (5.0) 55 (16.0)

NM 294 (85.7) 208 (60.6)

Other
b 14 (4.1) 14 (4.1)

No. (%)

a
Data for two participants in the usual care arm are not shown as they refused genotyping.

b
Other consists of indeterminate genotypes (n=4) and CYP2D6 duplication that resulted in a ranged phenotype (e.g. IM-NM, NM-UM) because of 

the inability to determine which allele was duplicated or multiplicated and the number of allele copies (n=10).

c
91 patients had phenoconversion (12 were taking two moderate or strong inhibitors): 43 converted from NM to IM; 43 converted from NM to PM; 

and 5 converted from IM to PM.

PM, poor metabolizer; IM, intermediate metabolizer; NM, normal metabolizer; UM, ultra-rapid metabolizer
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