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Abstract: Background/Objectives: Pharmacogenetic (PGx) testing can predict drug efficacy,
toxicity, and risk of adverse drug reactions (ADRs). However, PGx-guided prescribing for
pediatric chronic pain is underutilized. Methods: We evaluated the rate of deviance from
standard drug dosing regimens in children and adolescents with chronic pain based on
PGx testing of drug-metabolizing genes. We also assessed the acceptability and feasibility
of PGx testing and implementation of PGx-guided recommendations from patient, care-
giver, and prescriber perspectives. Finally, we explored whether PGx results could predict
self-reported therapeutic responses and/or ADRs to medications. Results: Forty-eight par-
ticipants aged 8–17 years with chronic pain provided DNA via buccal swab. Genetic variant
data for CYP2D6, CYP2C9, and CYP2C19 metabolism genes and associated metabolizer
status were analyzed with respect to clinical PGx guidelines for dosing recommendations
of analgesics and psychotropic medications. Participants, their caregivers, and their pre-
scribers also completed quantitative questionnaires evaluating their experience with PGx
testing. Twenty-three (50%) participants were predicted to benefit from non-standard
dosing for medications with clinical PGx guidelines. Participants expressed satisfaction
with the PGx testing process and felt it was safe and worthwhile. Prescribers also reported
that PGx results were relevant for medication choices in 42 (91%) participants. Seven (15%)
participants had genotyping results which may have predicted their self-reported therapeu-
tic responses and/or ADRs to specific medications. Conclusions: Though further research
on pharmacodynamic associations is required to sufficiently address the complexity of
interpatient responses to medications for the treatment of pediatric pain and mental health
conditions, PGx testing may be used to inform individualized medication choices based on
genetic make-up.

Keywords: pediatric chronic pain; chronic pain service; pharmacogenetics (PGx); precision
medicine; qualitative analysis
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1. Introduction
Pediatric chronic pain is highly prevalent, undervalued, and undertreated [1–3]. One

in four pediatric patients experience persistent pain where analgesic medications are part
of pain treatment regimens [4]. Given the well-documented co-occurrence of mood and
anxiety disorders among children and adolescents with chronic pain [5], a portion of these
patients presenting to pediatric pain clinics are already likely taking or are recommended
to take a psychotropic medication for a primary psychiatric disorder. Comorbid psychi-
atric symptoms can impact children’s and adolescents’ presentations at pain clinics by
exacerbating pain symptoms, contributing to functional impairment and discomfort, and
reducing overall quality of life [6]. Additionally, children and adolescents prescribed
analgesic medications and psychotropic drugs are at increased risk of developing adverse
drug reactions (ADRs) [7–10]. Frequent cycles of trial and error are common when finding
the most effective medication and dose to manage pain and mental health [11]. With
significant interpatient variability in both pain perception and pain reduction after treat-
ment, a one-size-fits-all approach to pain management in pediatric patients is often not
sufficient [12].

Pharmacogenetic (PGx)-guided medication therapy is the low-hanging fruit of pre-
cision medicine and incorporates differences in genetic make-up to guide medication
selection and dosing for patients [13,14]. PGx-guided medication prescribing is already
available via published clinical practice guidelines created by various professional enti-
ties, including the Clinical Pharmacogenetics Implementation Consortium (CPIC) [15].
Guidelines exist for many commonly prescribed analgesics, such as ibuprofen, celecoxib,
tramadol, and codeine, as well as commonly used antidepressants for pain, with the aim
of reducing ADRs and improving the overall therapeutic response. Genetic variation in
medication-metabolizing genes, such as CYP2D6, CYP2C9, and CYP2C19, can influence
blood drug levels, which may contribute to either the risk of ADRs or therapeutic failure
to standard dosing [16]. Various studies have summarized the current impact of PGx on
opioid metabolism, as well as nonsteroidal anti-inflammatory drugs (NSAIDs) and antide-
pressants, as they are also important pillars to current treatment strategies of pain [17–19].
Although much of our knowledge regarding PGx and its impact on medication safety and
efficacy in controlling pain is limited and controversial, reports have demonstrated promise
in improving therapeutic outcomes [20–22].

The primary objective of this study was to determine the rate of deviance from stan-
dard pain management and psychotropic medication dosing regimens in pediatric patients
with chronic pain based on PGx testing results. A secondary objective involved evaluating
the feasibility, acceptability, and implementation of PGx testing and dosing recommenda-
tions from the perspectives of patients, caregivers, and their health care providers (HCPs)
who prescribe analgesics. An exploratory objective was to determine whether PGx results
could predict individual responses to medications based on self-reported medication use
and ADRs.

2. Materials and Methods
2.1. Study Design

This preliminary multidisciplinary pilot study utilized a prospective non-randomized
cohort design to assess the acceptability, feasibility, implementation, and clinical utility
of the PGx-guided prescribing of analgesics in a small cohort of children and adolescents
with chronic pain conditions. As a pilot study, this work was exploratory in nature and not
designed to test formal hypotheses but rather to inform the design and methodology of
future hypothesis-driven research [23].
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2.2. Participants

A convenience sample of 48 pediatric patients and their caregivers was recruited
between May 2022 and August 2023. Sample size was chosen based on the average number
of referrals to the chronic pain clinic (CPC) per year and suggestions for internal pilot
studies [23,24]. Patients were eligible to participate if they were between 6 and 18 years old,
could speak and read English, and were referred for care to the CPC at the hospital where
the research took place. Please see Ruskin et al. [25] for a description of the multidisciplinary
pediatric CPC intake assessment that all patients receive and where pharmacological
recommendations are made. Pain diagnoses were made by a pain physician during the
intake visit based on clinical assessment and documented in the medical record (see Table
1 footnote for details). Chronic pain was defined and categorized according to the ICD-
11 classification system [26]. Psychological diagnoses were documented in psychologist
notes and confirmed via standardized psychological diagnostic assessment. Patients were
excluded if they required language interpretation services or cancelled their CPC referral.

2.3. Setting

The current study was conducted in an outpatient chronic pain clinic at a large urban
pediatric tertiary care hospital. Ethics approval for this research was obtained from the
institution’s Research Ethics Board (REB #1000053445). Informed consent, including assent
and parent/guardian consent, was obtained from all subjects involved in the study.

2.4. Recruitment

Following institutional research ethics approval, patient medical charts were reviewed
for eligibility, and those meeting eligibility criteria were introduced to the study by a
member of their circle of care. Participants were recruited via two pathways: (1) patients on
the CPC waitlist were offered preemptive PGx testing in advance of their first appointment,
and (2) patients were referred for reactive PGx testing by their physician at an existing CPC
appointment. Interested patients and caregivers were then approached by a member of the
research team (KS, SS) to obtain informed consent using an online consent form through
Research Electronic Data Capture (REDCap), a secure web-based application designed to
support data capture for research studies [27].

2.5. Data Collection

Enrolled participants were mailed sample collection kits to their home address and
administered the Medication Use History Questionnaire (see Appendix A, Table A1) via
email using a REDCap weblink. Participants completed at-home buccal swab sample
collection and returned the completed kit with provided postage to a Clinical Laboratory
Improvement Act (CLIA)-certified PGx testing facility. Samples were analyzed, and data
were composed into a PGx report as described in detail below (Section 2.6 and Section
PGx Report). The report was then added to the participant’s electronic medical record
(EMR). In addition, a consultation was scheduled with members of the research team spe-
cialized in PGx (IC, SS) during which the report was reviewed with participants and their
caregivers. Consultations were approximately 1 h and delivered via virtual care (PHIPA
[Personal Health Information Protection Act]-compliant Zoom for Healthcare). Patient and
caregiver participants completed the PGx Testing Acceptability Questionnaire (Appendix B,
Table A2) by REDCap weblink one day after their consultation. The PGx report was also
shared with the participant’s care team (i.e., primary care physician, referring provider,
pharmacist, as applicable) by secure internal email immediately after the consultation and
again in advance of their CPC appointment when medications are prescribed (point of
care [POC] visit). Prescribers completed the PGx Testing Implementation/Acceptability
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Questionnaire (Appendix C, Table A3) by REDCap weblink following each participant’s
POC visit. Families were emailed a REDCap weblink to the PGx Testing Follow-up Ques-
tionnaire (Appendix D, Table A4) at a 3-month follow-up after their POC visit. Finally, all
HCPs who had a patient enrolled in the study were emailed a REDCap weblink to the PGx
Testing Overall Feedback Questionnaire (Appendix E, Table A5) once study recruitment
was complete. All quantitative data collection measures were distributed via email and
stored on REDCap.

2.6. PGx Testing Methods

One self-collected buccal swab was obtained from each patient participant and mailed
to a CLIA-certified PGx testing facility. Genotyping of CYP2C19, CYP2C9, CYP2D6, CYP3A5,
F5, NUDT15, SLCO1B1, and VKORC1 was carried out using the Agena MassARRAY®

platform. Descriptive data analysis was limited to variants in CYP2C19, CYP2C9, and
CYP2D6 given their association to treatment response for various psychotropic and pain
medications (Appendix F, Table A6). DNA samples were normalized to a concentration of
10 ng/µL, and 2 µL per well was used for PCR amplification and primer extension with
the iPLEX, iPLEX Veridose Core, and Veridose CYP2D6 CNV reagents (Agena Biosciences,
San Diego, CA, USA). Thermal cycler Biorad C1000 (Bio-Rad Laboratories, Hercules, CA,
USA) was used for amplification. The extension products were dispensed onto a CPM 384
SpectroCHIP Array (Agena Biosciences, San Diego, CA, USA) using the Agena 384 (Agena
Biosciences, San Diego, CA, USA) chip prep module and detected using a MassARRAY
MALDI-TOF mass spectrometer (Agena Biosciences, San Diego, CA, USA), providing
genotyping and quantification. Haplotype reports were automatically generated using
the Typer software (v5.0.2) and the ADME PGx Pro software (v3.99.10, Agena Biosciences,
San Diego, CA, USA), according to the manufacturer’s standard protocols. Results were
processed to generate single-nucleotide polymorphism (SNP) calls automatically using
the MassARRAY® TyperAnalyzer software (Agena Biosciences, San Diego, CA, USA), and
then manually reviewed by the operator to validate the allele calls. Automatic SNP calls
that were of concern were removed.

PGx Report

Participants’ genetic variant data, including variants in the CYP2D6, CYP2C9, and
CYP2C19 metabolism genes and associated metabolizer status, were collected from a gen-
otyping record generated by a CLIA-certified laboratory. The record was reviewed, inter-
preted, and composed into a report by members of the research team specialized in PGx (IC,
SS). Only clinically recognized genetic variants known to affect response to drug therapy or
risk of ADRs were reported. These variants were identified by comparing the participant’s
variants against those in the PharmGKB database, a comprehensive data-base for significant
pharmacogenomic findings [28], and the FDA Table of Phar-macogenomic Biomarkers in
Drug Labelling which details clinically actionable drug–gene combinations [29].

The targeted genotyping technology used in this study is only able to inform about
variants available on the test panel. The composed PGx report details specific dosing
recommendations, along with additional supporting drug–gene information that may help
guide current and future medication prescribing. Throughout this manuscript, the term
“PGx medication” will be used to denote medications with PGx prescribing guidelines
listed in the PGx report. A copy of the PGx report with all tested genetic variants was
provided to participating families and their primary care team to ensure the PGx report
was considered for future clinical management.
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2.7. Measures
2.7.1. Demographics

Demographic data, including age, sex, pain diagnosis, psychological and concurrent
diagnoses, use of pharmacological and non-pharmacological treatment (i.e., physiotherapy,
psychiatry, psychology, occupational therapy), and pain characteristics (duration, interfer-
ence), were collected from participants’ medical charts. Demographic data were collected
from pediatric participants (not caregivers). Feasibility and satisfaction data were collected
from both children and caregivers. The following self-report measures were developed for
the purposes of this preliminary investigation with consensus from all authors of this study,
and as such, are not standardized psychometric instruments and do not have established
psychometric properties.

2.7.2. Medication Use History Questionnaire

The Medication Use History Questionnaire was administered at baseline to gather
participants’ medication use history, including medications taken prior to study enrollment,
history of ADRs and therapeutic efficacy, and previous prescribers of medication.

2.7.3. PGx Testing Implementation/Acceptability Questionnaire—Prescriber

The PGx Testing Implementation/Acceptability Questionnaire for prescribers asked
whether HCPs prescribed a medication at the POC visit, whether it was a medication of
interest that carries PGx implementation guidelines, and whether any available PGx testing
recommendations were implemented.

2.7.4. PGx Testing Follow-Up Questionnaire—Patient and Caregiver

The PGx Testing Follow-up Questionnaire for patient and caregiver participants
included questions about participants’ medication use since being enrolled in the study,
any side effects and reports of efficacy, who prescribed, whether the prescriber used the
PGx testing results, and whether PGx testing improved confidence and willingness in
taking medication. Definitions for symptom change were derived from the Patient Global
Impression of Change Scale [30] and are listed in the note under Table 5, as well as in
Appendix D, where the questionnaire is provided.

2.7.5. PGx Testing Overall Feedback Questionnaire—Prescriber

The PGx Testing Overall Feedback Questionnaire for prescribers queried their satisfac-
tion with the PGx testing process and overall implementation of PGx testing results.

2.8. Analytical and Statistical Approach

Descriptive data were computed to assess participant characteristics, medication us-
age, the metabolizer status of CYP2C9, CYP2C19, and CYP2D6 drug-metabolizing enzymes,
ADRs, and feasibility and acceptability data. The rate of deviance from standard prescrib-
ing of analgesics and psychiatric medications listed on the PGx report was determined by
the proportion of participants carrying a genetic variant associated with PGx prescribing
guidelines. Feasibility was assessed by (a) the proportion of participants who received PGx
results and recommendations prior to their POC visit for prescription of an analgesic and
(b) the proportion of patients approached who consented to PGx testing. Acceptability
was assessed by (a) the perceived utility of PGx test results for current and future phar-
macological pain management decisions from patient, caregiver, and HCP perspectives;
(b) participants’ understanding of PGx results, reports, and consultations; and (c) whether
PGx testing increased participants’ confidence and willingness to take medication. Imple-
mentation was assessed by the proportion of cases where HCPs implemented PGx testing
recommendations. To assess our exploratory objective, we determined the proportion
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of participants with genotyping results which corresponded to (i.e., may have predicted)
their self-reported therapeutic responses and/or presence of ADRs in the Medication Use
History Questionnaire.

3. Results
3.1. Recruitment and Retention

Of the 136 patients screened, 132 (97%) were eligible and offered PGx testing. Of those
eligible, 48 (36%) agreed to participate and 46 (35%) completed testing (Figure 1).

Figure 1. Study accrual by recruitment pathway.

3.2. Participant Characteristics

Means, frequencies, and standard deviations were computed for demographic data
across participants for age, sex, pain diagnosis and duration, other concurrent diagnoses,
and psychosocial variables (Table 1). Participants were primarily female (35; 76%), had an
average pain duration of 3.6 years, and 33 (72%) participants had at least one concurrent
psychiatric diagnosis. On standardized questionnaires, participants reported elevated
levels of pain interference, anxiety, depression, and pain catastrophizing, along with below-
average mobility ratings.

Table 1. Participant demographics.

Demographics N = 46

Age (years)
Mean (SD) 14.5 (2.28)
[Range] [8, 17]

Sex n (%)
Female 35 (76.1)
Male 11 (23.9)

Pain Duration (years)
Mean (SD) 3.58 (3.24)
[Range] [0.5, 13]
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Table 1. Cont.

Demographics N = 46

Type of Chronic Pain * n (%)
Musculoskeletal 33 (71.7)
Headache 9 (19.6)
Abdominal 8 (17.4)
Neuropathic 4 (8.7)
Pelvic 2 (4.3)

Psychological Diagnoses * n (%)
Anxiety disorder 28 (60.9)
ADHD 11 (23.9)
Intellectual/learning disability 10 (21.7)
Depression 7 (15.2)
Autism spectrum disorder 5 (10.9)
Tourette syndrome 2 (4.3)
Somatoform disorder 2 (4.3)
Other (PTSD, psychotic disorder) 2 (4.3)

Other Concurrent Diagnoses *
Orthopedic 8 (17.4)
Cardiac 6 (13.0)
Neurological 6 (13.0)
Gastrointestinal 6 (13.0)
Musculoskeletal/Connective tissue 5 (10.9)
Other 8 (17.3)

Baseline Scores at CPC Intake † Mean (SD)
PROMIS Pain Interference 65.87 (7.56)
PROMIS Anxiety 60.46 (8.77)
PROMIS Depressive Symptoms 58.16 (10.78)
PROMIS Mobility 36.09 (7.25)
Pain Catastrophizing
Patient 64.28 (12.06)
Caregiver 61.18 (12.34)

* Chronic pain, psychological, and other concurrent diagnoses percentages are greater than 100% because several
participants met diagnostic criteria for multiple diagnoses. Additionally, pain diagnoses were made by a pain
physician based on clinical assessment at the pain clinic intake appointment and documented in the clinical
assessment letter located in the medical record. Psychological diagnoses were documented in the psychologist’s
note in the medical record. Psychological diagnoses were provided or confirmed by the psychologist as part
of a psychological diagnostic assessment. † Baseline scores are based on self-report and represented as t-scores
(mean = 50, SD = 10). Higher scores represent more of the domain being measured. SD, standard deviation;
ADHD, attention-deficit/hyperactivity disorder; PTSD, post-traumatic stress disorder; CPC, chronic pain clinic;
PROMIS, Patient-Reported Outcomes Measurement Information System.

3.3. Medication Usage

At study enrollment, 29 (63%) participants were already taking at least one analgesic
(25/29; 86%) and/or psychotropic medication (13/29; 44%), including but not limited to
acetaminophen, morphine, gabapentin, naproxen, duloxetine, and fluoxetine. Among the
entire cohort, 24 (52%) participants were taking a medication that carries published clinical
PGx practice guidelines at the time of their report being available. Of those, 13 (54%)
were taking a PGx-listed analgesic, while 12 (50%) were taking a PGx-listed psychotropic
medication (Table 2).
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Table 2. Analgesic and psychotropic medication usage across cohort.

Medication Use at Study Enrollment * N (%) PGx-Listed Medication Use at Time of PGx Report
† N (%)

Taking medication(s) as part of treatment

• 1 medication
• ≥2 medications

29/46 (63.0)
15/29 (51.7)
14/29 (48.2)

Taking PGx medication(s) as part of treatment

• 1 medication
• ≥2 medications

24/46 (52.2)
18/24 (75.0)
6/24 (25.0)

Taking analgesic

• NSAIDs

# Ibuprofen
# Celecoxib
# Naproxen
# Diclofenac

• Opioids

# Morphine
# Hydromorphone

• Anticonvulsants

# Gabapentin
# Pregabalin

• Acetaminophen
• Antihypertensive

# Clonidine

25/29 (86.2)
15/25 (60.0)

5/15 (33.3)
2/15 (13.3)
5/15 (33.3)
3/15 (20.0)

2/25 (8.0)
1/2 (50.0)
1/2 (50.0)

7/25 (28.0)
6/7 (85.7)
1/7 (14.3)

6/25 (24.0)

1/25 (4.0)

Taking PGx analgesic

• NSAIDs

# Ibuprofen
# Celecoxib

• Opioids

# Codeine ‡

13/24 (54.2)
12/13 (92.3)

9/13 (69.2)
3/13 (23.1)

1/13 (7.7)

Taking psychotropic

• SSRIs

# Escitalopram
# Sertraline
# Fluoxetine
# Citalopram

• SNRIs

# Duloxetine
# Venlafaxine

• TCAs

# Amitriptyline

13/29 (44.8)
11/13 (84.6)

4/11 (36.4)
4/11 (36.4)
2/11 (18.2)
1/11 (9.1)

2/13 (14.4)
1/2 (50.0)
1/2 (50.0)

1/13 (7.7)

Taking psychotropic

• SSRIs

# Sertraline
# Escitalopram
# Citalopram

• Anti-psychotics

# Aripiprazole

• SNRIs

# Venlafaxine

• Benzodiazepines

# Clobazam

Other PGx medications

• Hormonal contraceptives
• Antiemetics

# Ondansetron
# Metoclopramide

• PPIs

# Omeprazole

• Beta-blockers

# Metoprolol

12/24 (50.0)
9/24 (37.5)

4/9 (44.4)
4/9 (44.4)
1/9 (11.1)

1/24 (4.2)

1/24 (4.2)

1/24 (4.2)

4/24 (16.7)
2/24 (8.3)

1/2 (50.0)
1/2 (50.0)

2/24 (8.3)

1/24 (4.2)

* This includes medications that do not carry published clinical PGx practice guidelines. † This only includes
medications that carry published clinical PGx practice guidelines that were listed in the PGx report. ‡ This partici-
pant was prescribed codeine as an adolescent at the time of participation in this study. SSRIs, selective serotonin
reuptake inhibitors; SNRIs, serotonin–norepinephrine reuptake inhibitors; TCAs, tricyclic antidepressants; and
PPIs, proton pump inhibitors.

3.4. Drug-Metabolizing Enzyme Status

Many of the commonly observed PGx medications in this cohort are metabolized
by the following enzymes: CYP2C9, CYP2D6, and CYP2C19. Figure 2 summarizes the
distribution of metabolizer status for each enzyme determined by participants’ PGx test
results. One participant (2%) was classified as a CYP2C9 poor metabolizer (i.e., carrying
two no-function alleles, such as * 2/* 3 or * 3/* 3) while three (7%) were predicted to be
intermediate metabolizers (i.e., carrying one normal-function allele plus one no-function
allele or two decreased-function alleles, such as * 1/* 3 or * 2/* 2) potentially affecting their
response to NSAIDs by increasing the probability and severity of toxicities [31].
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Two (4%) participants who were predicted to be CYP2C19 poor metabolizers, as well as
14 (30%) participants predicted to be CYP2C19 rapid metabolizers, would have benefitted
from altered SSRI dosing as per the relevant CPIC guidelines [32]. Additionally, CYP2C19
rapid metabolizers who were prescribed first-generation proton pump inhibitors (PPIs),
such as omeprazole for acid reflux treatment and other gastrointestinal disorders, may
have experienced impaired PPI efficacy due to increased clearance of the drug, according
to the respective CPIC guideline [33]. Collectively, 16 (34%) participants are predicted
to benefit from non-standard dosing of SSRIs or PPIs based on their CYP2C19 enzyme
metabolizer status.

For CYP2D6 enzyme function, two (4%) participants were predicted to be poor me-
tabolizers and two (4%) were ultra-rapid metabolizers, impacting opioid use following
CPIC recommendations. In such cases, alternatives are suggested over codeine or tra-
madol, given the potential for reduced analgesia or an increased risk of serious toxicities,
respectively [34].

Figure 2. (A) CYP2C9, (B) CYP2C19, and (C) CYP2D6 metabolizer statuses among study cohort,
N = 46. These proportions correlate with expected population allele frequencies.

3.5. Primary Objective
Rate of Deviance from Standard Dosing Regimens Based on PGx Testing Results

Twenty-four (52%) participants were taking at least one medication with clinical PGx
guidance as part of their pharmacotherapy regimens at the time they received their PGx
test results. Based on genotyping results, five (21%) of these participants were predicted to
benefit from non-standard dosing of their current medication treatment. This immediate
guidance was related to the use of ibuprofen and SSRIs based on the CYP2C9 and CYP2C19
genotypes, respectively. Overall, 23 (50%) participants were predicted to benefit from
non-standard dosing for pain and psychotropic medications, such as NSAIDs, opioids,
SSRIs, and SNRIs, that carry clinical PGx guidelines.

3.6. Secondary Objective
3.6.1. Feasibility of PGx Testing

The rate of study enrollment was higher for participants approached during their
POC visits by a clinical team member (i.e., referral group), with 16 (60%) enrolled of
25 approached, compared to those approached while on the waitlist (32 (30%) enrolled of
107 approached). All participants in the referral group had their PGx reports uploaded to
their EMR and received their PGx consultation prior to their POC visit with the healthcare
team. However, 23 (74%) participants in the waitlist group had their PGx report uploaded
into their EMR prior to their POC visit, and 18 (58%) received their PGx consultation prior
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to the POC visit (Table 3). In several cases, PGx results were not available due to factors
unrelated to the PGx testing process, including participant delays in submitting samples
and POC visits being rescheduled to earlier dates.

Table 3. Timing of PGx results and consultation relative to POC appointment by study group.

Study Group PGx Report Uploaded to Medical Chart
Prior to POC Visit

Had PGx Consultation Prior to POC
Visit

Cohort

• Waitlist/Preemptive testing
• Referral/Reactive testing

38/46 (82.6%) 33/46 (71.7%)
23/31 (74.2%) 18/31 (58.1%)
15/15 (100%) 15/15 (100%)

POC, point of care.

3.6.2. Acceptability of PGx Testing

Acceptability of PGx testing was generally very high. Of the participants who com-
pleted study questionnaires (38 patients and 40 caregivers), 36 (95%) patients and 39 (98%)
caregivers agreed that PGx testing was worthwhile, safe, and had reassured them that
their healthcare team was selecting the best medication for them/their child. A total of 34
(89%) patients and 34 (85%) caregivers agreed that PGx testing reduced uncertainty about
their/their child’s response to medications, while 31 (82%) patients and 38 (95%) caregivers
agreed that PGx testing increased their confidence in the effectiveness of medication for
pain control (Table 4).

Table 4. Acceptability of PGx testing—patient and caregiver results.

Immediately After PGx Testing Consultation:
Agreed n (%)

Patients
(N = 38) *

Caregivers
(N = 40) *

I felt safe and supported throughout the PGx testing process. 38 (100) 40 (100)

The results from my/my child’s test were explained to me in an understandable way. 36 (94.7) 39 (97.5)

Being part of the PGx study helped me understand how I/my child would respond to the
medications listed. 35 (92.1) 39 (97.5)

Being part of the PGx study reassured me that my/my child’s healthcare team is trying to
pick the correct medication therapy for me. 36 (94.7) 38 (95)

PGx testing helped me understand myself/my child better. 35 (92.1) 38 (95)

PGx testing was fun for me to learn about. 36 (94.7) 40 (100)

PGx testing will help guide my/my child’s treatment decisions. 35 (92.1) 40 (100)

PGx testing helps my/my child’s physician make better decisions. 35 (92.1) 40 (100)

PGx testing is worth the waiting time. 36 (94.7) 39 (97.5)

PGx testing was not an invasion of my/my child’s privacy. 38 (100) 39 (97.5)

PGx testing reduced uncertainty about my/my child’s response to medications. 34 (89.5) 34 (85)

PGx testing increased my confidence in the effect of the medication for pain control. 31 (81.6) 38 (95)

At 3-month follow-up
Patients

(N = 33) *
Caregivers
(N = 33) *

Did having PGx testing increase your confidence in taking medication?
Median, IQR † 7, 3 8, 5

Did having PGx testing improve your willingness to take medication more regularly (i.e., at
the dosing schedule prescribed by your/your child’s physician)?
Median, IQR †

5, 6 7, 6

* Completed questionnaires. † Scores indicated on a scale of 0 (absolutely no change in confidence/willingness in
using these medications) to 10 (biggest increase in confidence/willingness ever in using these medications). IQR,
interquartile range.
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3.6.3. Implementation of PGx Testing

Based on results from the HCP Implementation/Acceptability Questionnaire, HCPs
reported that PGx testing results were relevant for past, current, and/or future medica-
tion choices in 42 (91%) participants. In the seven cases where participants’ PGx reports
were available at the time of the POC visit and HCPs prescribed a medication with PGx
guidelines, they implemented PGx recommendations in all but one case (83%).

3.7. Exploratory Objective
Predicting Therapeutic Response Based on PGx Results

Self-reported lifetime medication use, along with therapeutic response and/or ADRs,
was collected via the Medication Use History Questionnaire (Appendix A, Table A1). These
data were analyzed in combination with participant PGx test results to determine whether
the PGx result could have informed individual responses to medications that carry PGx-
guided prescribing recommendations. Of all reported responses, PGx test results may
have been predictive for seven (15%) participants (Table 5). One participant noted an
improvement in symptoms while taking sertraline and ondansetron, of which their normal
CYP2C19 and CYP2D6 metabolizer status, respectively, may corroborate. Two participants
taking lansoprazole reported moderate improvement to symptoms. They were both cat-
egorized as CYP2C19 intermediate metabolizers, thus potentially able to experience an
increased probability of efficacy given elevated levels of active drug. Three participants,
one CYP2D6 poor metabolizer and two CYP2C19 rapid metabolizers, reported no change
in symptoms after taking either codeine, pantoprazole, or citalopram, respectively. These
metabolizer statuses confer reduced clinical effect of these medications, potentially explain-
ing the lack of therapeutic benefit experienced. Finally, one participant categorized as an
ultra-rapid CYP2D6 metabolizer reported side effects to codeine, possibly explained by
their PGx findings, which predict an increased probability of adverse effects.

Table 5. Self-reported lifetime medication response and ADR predictions based on PGx results.

Participant Medication Side
Effects

Symptom
Change *

PGx
Metabolizer

Status
PGx Response/ADR Prediction

A
Sertraline No Better CYP2C19 NM Normal metabolism

Ondansetron No Moderately better CYP2D6 NM Normal metabolism

B Codeine No No change CYP2D6 PM Reduced conversion to morphine leading
to reduced clinical effect (analgesia)

C Pantoprazole No No change CYP2C19 RM
Increased metabolism (decreased drug
plasma levels) leading to reduced drug

response and/or therapeutic failure

D Lansoprazole No Little better CYP2C19 IM
Decreased metabolism (increased drug

plasma levels) leading to increased
chance of efficacy

E Codeine Yes—
drowsy Moderately better CYP2D6 UM Increased metabolism to morphine

leading to higher risk of side effects

F Lansoprazole No Moderately better CYP2C19 IM
Decreased metabolism (increased drug

plasma levels) leading to increased
chance of efficacy

G Citalopram No Almost the same CYP2C19 RM Increased metabolism leading to
decreased clinical benefit

NM, normal metabolizer; PM, poor metabolizer; IM, intermediate metabolizer; RM, rapid metabolizer; and
UM, ultra-rapid metabolizer. * Symptom change derived from the Patient Global Impression of Change Scale:
“Moderately better”—slight but noticeable change; “No change”—or function has worsened; “Little better”—but
no noticeable change; and “Almost the same”—hardly any change at all.
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4. Discussion
Analgesics and psychotropic medications are standard components of pediatric

chronic pain treatment programs. However, these medications are often prescribed without
knowledge of a patient’s PGx metabolizer status, which may influence their response to
standard drug dosing [16]. The current study is one of the first, to our knowledge, to pilot
the implementation of PGx testing in a pediatric chronic pain clinic. Current PGx clinical
guidelines exist for analgesics, such as ibuprofen, celecoxib, tramadol, and codeine, as well
as commonly used antidepressants for pain. Results from the current preliminary pilot
study indicate that children and adolescents, their caregivers, and pain clinic prescribers
found PGx testing to be relevant, feasible, and acceptable, with PGx recommendations being
implemented in all but one case, although no explanation was provided for the exception.

At study enrollment, over half the study sample were taking medications (including
analgesics and psychotropic medications) that carry clinical PGx guidelines. Over 20 per-
cent of participants who were taking medication at the time of receiving their PGx test
results had an actionable recommendation for non-standard dosing to their current phar-
macotherapy based on PGx testing. Overall, based on the genotyping of drug-metabolizing
genes, half of all study participants were predicted to benefit from non-standard dosing for
pain and psychotropic pharmacotherapy, including NSAIDs, certain opioids, SSRIs, and
SNRIs, that carry clinical PGx guidelines.

Studies investigating PGx for children and adolescents with chronic pain have been
very limited. One study assessing the influence of PGx testing on pain intensity and
ADRs was conducted on pediatric patients seen in the emergency department for acute
fracture [35]. Results indicated that CYP2C9 * 2 was associated with fewer ADRs to
ibuprofen compared to those with a normal functioning allele but did not impact clinical
effectiveness or ADRs associated with oxycodone use. Authors cautioned that their sample
was small and that metabolism of drugs in children and adolescents may differ from adults.
In another study, 19 pediatric patients with chronic pain were referred for PGx testing due
to analgesic ineffectiveness. Results showed a high incidence (16; 84%) of CYP2D6 genetic
variation among these children [36].

4.1. Clinical Considerations

Taken together, there is potential to predict certain patient outcomes and responses to
analgesic and psychotropic pharmacotherapy. In our cohort, the results of four participants
warrant attention: participants A, B, E, and G.

Variation in CYP2C19 metabolism may have influenced the responses of participants
A and G to sertraline and escitalopram, respectively. According to CPIC guidelines, an in-
crease in metabolism of escitalopram to its less active compounds in individuals with rapid
or ultra-rapid CYP2C19 metabolism compared to those with normal CYP2C19 metabolism
decreases the likelihood of clinical benefit due to lower plasma levels [32]. Conversely,
CYP2C19 normal metabolizers are generally expected to respond well to standard dosing.
The CYP2C19 metabolizer status observed in these two participants aligns with their re-
ported responses. Similarly, the frequency of different CYP2C19 metabolizer statuses varies
globally and depends on genetic ancestry. CYP2C19 rapid metabolizers are found in 2 to
27% of the global population, with the lowest prevalence observed in Oceanic ancestry.
In contrast, CYP2C19 poor metabolizers can be as high as 70% in certain Pacific Islander
populations but generally range between 2 and 15% worldwide [16].

Participants B and E reported having taken codeine, although this drug is generally
not recommended for use in pediatric patients, especially those under 12 years of age [37].
Codeine is an opioid analgesic that requires metabolic activation by the CYP2D6 enzyme
to exert its full analgesic effect by converting codeine into its active metabolite, morphine.
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The metabolism of codeine exhibits substantial interindividual variability due to the highly
polymorphic nature of the CYP2D6 gene, with genetic variation resulting in different me-
tabolizer phenotypes: poor metabolizers, intermediate metabolizers, normal metabolizers,
and ultra-rapid metabolizers [34,38]. Participant B had been categorized as a CYP2D6 poor
metabolizer and is predicted to possess little to no functional CYP2D6 enzyme activity.
Consequently, CYP2D6 poor metabolizers could experience insufficient pain relief from
codeine as they lack the ability to produce morphine from codeine, as corroborated by par-
ticipant B’s reported lack of response. It is important to note that CYP2D6 poor metabolism
is observed in 2 to 6% of the global population, with the frequency varying based on genetic
ancestry [39]. On the other hand, CYP2D6 ultra-rapid metabolizers carry more than two
normal-function copies of the CYP2D6 gene, leading to increased enzyme activity and
accelerated conversion of codeine to morphine [34]. This can result in higher levels of mor-
phine in the bloodstream, which may lead to symptoms of morphine overdose, including
extreme drowsiness, confusion, and shallow breathing, and in some severe instances can
be fatal. Indeed, participant E, who was an ultra-rapid CYP2D6 metabolizer, indicated that
they had an enhanced analgesic response to codeine but felt drowsy. Ultra-rapid CYP2D6
metabolism is present in 1 to 11% of the global population, with the frequency also varying
across various genetic ancestries [16].

Families were more likely to enroll in PGx testing at their POC visit (reactive testing)
compared to receiving PGx testing while on a multi-month waitlist for an initial intake in
the chronic pain clinic (preemptive testing). While preemptive PGx testing may be most
useful to assist prescribers in tailoring pharmacotherapy from the outset of care (versus
reactive testing), it may be that families have more readiness to pursue PGx testing follow-
ing a comprehensive pain assessment and obtaining a pain diagnosis and education about
chronic pain from a specialist. Given the benefit of prescribers receiving PGx recommenda-
tions prior to making medication and prescribing choices, future efforts should be directed
at better understanding the perspectives of children and their caregivers on any barriers to
receiving PGx testing while on a waitlist and any factors that could increase readiness to
uptake PGx testing prior to a POC visit.

The fact that receiving PGx testing and recommendations improved children and their
caregivers’ confidence and willingness to take medications merits mention. While anal-
gesics are cited by children with pain and their caregivers as the top strategy to manage pain
as compared to non-pharmacological strategies [40], multiple studies document caregivers’
hesitancy to use analgesics due to fear of adverse effects and addiction [41,42]. Additionally,
many children and adolescents referred to chronic pain clinics have dealt with their pain
for years and have tried a number of analgesics with unsuccessful effect. Anecdotally,
these children and their caregivers often express limited hope that medications will have a
positive impact on their symptoms and worry about ADRs, which can contribute to poor
adherence to medication regimens, ultimately undermining medication effectiveness. Since
PGx testing provides individualized recommendations for medications based on a patient’s
genetic make-up, this may reduce hesitancy to administer analgesics based on fears of
ADRs and improve trust in a medication’s effectiveness. The current study’s finding that
PGx testing enhances child and caregiver attitudes towards taking medications should be
further assessed to determine whether PGx testing influences behaviors such as adherence
to medication regimens, particularly recognizing the importance of positive expectations in
influencing medication effects [43].

4.2. Study Limitations

Prior studies examining PGx testing for pain management, conducted primarily in
adults, showed promising genotype-guided therapy for opioid use compared to standard
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prescribing [21,44]; however, this was not the scope of our research. Our study focused
on genes that have clinically actionable PGx guidelines available. By identifying CYP2C9,
CYP2D6, and CYP2C19 enzyme function, HCPs can better predict an individual’s responses
to various analgesics, thus optimizing dosing and mitigating the risk of ADRs, drug
toxicity, or non-response. While the aforementioned metabolism genes offer an accessible
entry point for understanding the activation or breakdown of medications used in pain
management and mental health, further research is essential to understand and investigate
broader impact, considering that certain patients benefit more than others.

This is the first pilot study to explore the use of PGx testing in pediatric chronic pain,
highlighting the exploratory nature of the work. Our study population was limited to
pediatric patients experiencing chronic pain, and the relatively small sample size limited
our ability to explore the influence of non-pharmacological treatment factors and pain
characteristics in association with PGx results, which may further reduce the generaliz-
ability of our findings to broader patient populations. While prior studies have largely
focused on adult populations, direct comparisons were beyond the scope of this work;
however, future research may benefit from exploring parallels between pediatric and adult
PGx applications. Additionally, the study design was non-randomized and relied on
convenience sampling, which should be acknowledged as a methodological limitation.
There is significant inter-patient variability in clinical outcomes based on different drug–
gene interactions and disease states, with minimal PGx endorsement for pediatric mental
health indications [45,46]. This could be due to the multiple enzyme pathways and phar-
macodynamic factors of commonly prescribed analgesics or psychiatric medications [47].
Certain patients, including those treated with medications primarily influenced by the
activity of one enzyme, such as proton pump inhibitors or immunosuppressants, represent
the low-hanging fruit of successful PGx implementation given their high level of clinical
evidence [32,48]. These drug–gene interactions highlight the most direct targets for PGx-
guided medication prescribing and thus can be more easily implemented than others. A
further limitation of PGx testing for individuals with chronic pain rests in the fact that some
medications frequently used to treat pain, including gabapentin, pregabalin, morphine,
and hydromorphone, do not yet carry validated PGx guidelines, limiting the ability to
inform prescribing decisions. Finally, we were not able to interrogate pharmacodynamic
genes that code for drug targets such as ion channels, receptors, and transporters that are
crucial to understanding pain as well as pain relief and may have an impact on effective
medication management.

5. Conclusions
Pediatric patients in the mental health and pain management fields may benefit sig-

nificantly from the application of PGx-guided prescribing, specifically regarding genes
that influence drug metabolism. Indeed, based on the genotyping of drug-metabolizing
genes, half of our participants were predicted to benefit from non-standard dosing of
pain and psychotropic medications that carry clinical PGx guidelines. Variations in these
metabolism genes can affect how individuals process medications, leading to differences
in drug efficacy and the risk of side effects. The complexity of pain and mental health
conditions, which are influenced by a wide range of biological, psychological, and en-
vironmental factors, and the interactions between these different pathways, complicate
treatment responses. While PGx-guided prescribing received high satisfaction ratings from
study participants, their caregivers, and their prescribers, and while it can provide insights
into how certain medications may be processed by specific enzymes, it does not account
for the full spectrum of factors influencing treatment outcomes. As a result, the predictive
power of this testing is only one piece of a much larger puzzle in individualized care for
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these conditions. Further research using larger samples should focus on interrogating
additional genetic variants with pharmacodynamic associations. This may increase the
possibility of identifying more nuanced drug–gene interactions and variations impacting
patient responses to pain medications.

Author Contributions: Conceptualization, D.R. and I.C.; project administration, K.S. and S.S.; data
curation and analysis, D.R., K.S., S.S. and I.C.; writing—original draft preparation, D.R., K.S., S.S. and
I.C.; writing—review and editing, D.R., K.S., S.S., I.C. and N.S. All authors have read and agreed to
the published version of the manuscript.

Funding: The current project was funded by the Precision Child Health Catalyst Grant from the
SickKids Foundation.

Institutional Review Board Statement: This study was approved by the Hospital for Sick Children
Institutional Research Ethics Board (REB #1000053445) on 4 March 2022.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author upon reasonable request due to privacy and
ethical reasons.

Acknowledgments: The authors would like to thank the families and clinicians who took part in the
research study.

Conflicts of Interest: Danielle Ruskin’s spouse is employed by DNA Labs Canada Inc., one of the
companies that provides pharmacogenetic testing for the hospital at which this research took place
and provided pharmacogenetic testing for this study. However, Danielle Ruskin did not receive any
direct compensation or additional benefits from DNA Labs Canada Inc. for this study, and the study
was conducted independently of the vendor’s influence.

Abbreviations
The following abbreviations are used in this manuscript:

PGx Pharmacogenetics
ADRs Adverse Drug Reactions
HCPs Health Care Providers
CPC Chronic Pain Clinic
EMR Electronic Medical Record
POC Point of Care



Children 2025, 12, 721 16 of 26

Appendix A

Table A1. Medication Use History Questionnaire. To be administered to patient and caregiver
(together, 1 questionnaire) immediately after consent is provided and before the PGx consultation.

1. Has your child ever taken a pain medication before? Y/N
If N, skip to 2.
(a) If Y, please indicate which pain medications your child has taken:

- Celecoxib (Celebrex)
- Codeine
- Flurbiprofen (Ansaid, Ocufen, Strepfen)
- Ibuprofen (Advil)
- Meloxicam (Mobic, Metacam)
- Oxycodone (Oxycontin)
- Piroxicam (Feldene)
- Tramadol (Ultram)
- Amitriptyline (Elavil)
- Desipramine (Norpramin)
- Imipramine (Tofranil)
- None of the above

(b) [for each medication checked above] Did your child experience any side effects from
this medication? (check all that apply)

(a) GI side effects (diarrhea, constipation, upset stomach, nausea, vomiting, ulcers)
(b) Difficulties breathing
(c) Bleeding
(d) Drowsiness, dizziness
(e) Others: __________________________________

(c) [for each medication checked above] Since beginning this medication, how would you
describe the change in your child’s pain?

(a) No change (or function has worsened)
(b) Almost the same, hardly any change at all
(c) A little better, but no noticeable change
(d) Somewhat better, but the change has not made any real difference
(e) Moderately better, and a slight but noticeable change
(f) Better, and a definite improvement that has made a real and worthwhile difference
(g) A great deal better, and a considerable improvement that has made all the difference

(d) [for each medication checked above] Who prescribed this medication?

(a) Family doctor
(b) Pediatrician
(c) ER doctor
(d) Speciality appointment (i.e., rheumatology, pain, psychiatry, GI, etc.)
(e) Other: _________

(e) [for each medication checked above] Is your child still taking this medication? Y/N
If N, Why?

(a) This medication did not help
(b) My child stopped this medication because of side effects
(c) My child no longer needed this medication (i.e., pain subsided)
(d) Other: ___________
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Table A1. Cont.

2. Has your child ever been prescribed a psychiatric medication before? Y/N
If N, skip to 3.
(a) If Y, please indicate which psychiatric medications your child has been prescribed:

- Aripiprazole (Abilify)
- Atomoxetine (Strattera)
- Brexipiprazole (Rexulti)
- Citalopram (Celexa)
- Clobazam (Sympazan, Onfi)
- Clomipramine (Anafranil)
- Clozapine (Clozaril, FazaClo)
- Doxepin (Silenor)
- Escitalopram (Lexapro)
- Fluvoxamine (Luvox)
- Haloperidol (Haldol, Peridol)
- Nortriptyline (Pamelor, Noritren)
- Paroxetine (Paxil, Seroxat, Loxamine)
- Perphenazine (Trilafon)
- Pimozide (Orap)
- Pitolisant (Wakix)
- Risperidone (Risperdal)
- Sertraline (Zoloft)
- Thioridazine (Mellaril)
- Trimipramine (Surmontil)
- Venlafaxine (Effexor)
- Vortioxetine (Trintellix)
- Zuclopenthixol (Cisordinol, Clopixol)
- None of the above

(b) [for each medication checked above] Did your child experience any side effects from
this medication? (check all that apply)

(a) GI side effects (diarrhea, constipation, upset stomach, nausea, vomiting, ulcers)
(b) Difficulties breathing
(c) Bleeding
(d) Drowsiness, dizziness
(e) Others: __________________________________

(c) [for each medication checked above] Since beginning this medication, how would you
describe the change in your child’s pain?

(a) No change (or function has worsened)
(b) Almost the same, hardly any change at all
(c) A little better, but no noticeable change
(d) Somewhat better, but the change has not made any real difference
(e) Moderately better, and a slight but noticeable change
(f) Better, and a definite improvement that has made a real and worthwhile difference
(g) A great deal better, and a considerable improvement that has made all the difference

(d) [for each medication checked above] Who prescribed this medication?

(a) Family doctor
(b) Pediatrician
(c) ER doctor
(d) Speciality appointment (i.e., rheumatology, pain, psychiatry, GI, etc.)
(e) Other: _________

(e) [for each medication checked above] Is your child still taking this medication? Y/N
If N, why?

(a) This medication did not help
(b) My child stopped this medication because of side effects
(c) My child no longer needed this medication (i.e., pain subsided)
(d) Other: ___________
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Table A1. Cont.

3. Has your child ever been prescribed a gastroenterology medication before? Y/N

(a) If Y, please indicate which gastroenterology medications your child has been
prescribed:

- Dexlansoprazole (Dexilant)
- Dronabinol (Marinol)
- Lansoprazole (Prevacid)
- Omeprazole (Prilosec)
- Ondansetron (Zofran, Zuplenz)
- Pantoprazole (Protonix)
- Metoclopramide (Reglan, Metozolv)
- Tropisetron
- None of the above

(b) [for each medication checked above] Did your child experience any side effects from
this medication? (check all that apply)

(a) GI side effects (diarrhea, constipation, upset stomach, nausea, vomiting, ulcers)
(b) Difficulties breathing
(c) Bleeding
(d) Drowsiness, dizziness
(e) Others: __________________________________

(c) [for each medication checked above] Since beginning this medication, how would you
describe the change in your child’s pain?

(a) No change (or function has worsened)
(b) Almost the same, hardly any change at all
(c) A little better, but no noticeable change
(d) Somewhat better, but the change has not made any real difference
(e) Moderately better, and a slight but noticeable change
(f) Better, and a definite improvement that has made a real and worthwhile difference
(g) A great deal better, and a considerable improvement that has made all the difference

(d) [for each medication checked above] Who prescribed this medication?

(a) Family doctor
(b) Pediatrician
(c) ER doctor
(d) Speciality appointment (i.e., rheumatology, pain, psychiatry, GI, etc.)
(e) Other: _________

4. [for each medication checked above] Is your child still taking this medication? Y/N
If N, why?

(a) This medication did not help
(b) My child stopped this medication because of side effects
(c) My child no longer needed this medication (i.e., pain subsided)
(d) Other: ___________

Appendix B

Table A2. PGx Testing Acceptability—Patient and Caregiver Versions. To be administered as separate
weblinks for patients and caregivers via REDCap one day after PGx consultation.

Please indicate how the following statements apply to you:

Completely Agree/Strongly Agree/Agree/Somewhat Agree/Somewhat Disagree/Disagree/Strongly
Disagree/Completely Disagree
1. I felt safe and supported throughout the PGx testing process.
2. The results from my/my child’s test were explained to me in an understandable way.
3. Being part of the PGx study helped me understand how I/my child would respond to the

medications listed.
4. Being part of the PGx study reassured me that my/my child’s healthcare team is trying to

pick the correct medication therapy for me.
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Table A2. Cont.

5. Pharmacogenomics testing:
Completely Agree/Strongly Agree/Agree/Somewhat Agree/Somewhat Disagree/Disagree/Strongly
Disagree/Completely Disagree
(a) Helped me understand myself/my child better
(b) Was fun for me to learn about
(c) Will help guide my/my child’s treatment decisions
(d) Helps my/my child’s physician make better decisions
(e) Is not worth the waiting time
(f) Was an invasion of my/my child’s privacy
(g) Reduced uncertainty about my/my child’s response to medications
(h) Increased my confidence in the effect of the medication for pain control
(i) Other: ________________________________

6. Please rate each part of the pharmacogenetics report:

(a) Clear language
(b) Logical layout/flow
(c) Informative
(d) Helpful
(e) Easy to understand

7. Open-ended question: Is there any other feedback you have about your experience with
pharmacogenomics testing?

Appendix C

Table A3. PGx Testing Implementation/Acceptability Questionnaire. Questionnaire to be adminis-
tered to HCPs through REDCap following a point-of-care appointment with each participant.

Chronic Pain Sample

1. Did you prescribe a medication for this patient today or at a recent visit?
Y/N + provide comment box

2. Were any of the following medications prescribed for this patient?
Y/N + provide comment box

Pain (Neuropathic*)
Celecoxib, Codeine, Flurbiprofen, Ibuprofen, Meloxicam, Oxycodone, Piroxicam, Tramadol, Amitriptyline *,
Desipramine *, Imipramine*

Psychiatry
Aripiprazole, Atomoxetine, Brexipiprazole, Citalopram, Clobazam, Clomipramine, Clozapine, Doxepin,
Escitalopram, Fluvoxamine, Haloperidol, Nortriptyline, Paroxetine, Perphenazine, Pimozide, Pitolisant,
Risperidone, Sertraline, Thioridazine, Trimipramine, Venlafaxine, Vortioxetine, Zuclopenthixol

Gastroenterology
Dexlansoprazole, Dronabinol, Lansoprazole, Omeprazole, Ondansetron, Pantoprazole, Metoclopramide,
Tropisetron

If response to 2. is YES:
2a. If any medications on the PGx list were prescribed, did you implement the PGx test recommendation?
(i.e., PGx recommendations may be to provide standard dosing; deviation from standard dosing; select a
different medication) Y/N + provide comment box

If response to 2. is NO:
2b. If you did not prescribe a medication from the PGx list, did you find the PGx testing results to be
helpful information for prescribing decisions? (i.e., future or past medication choices) Y/N + provide
comment box

3. Did you feel PGx testing results were relevant for this patient?
Y/N + provide comment box
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Appendix D

Table A4. PGx Testing Follow-up Questionnaire. To be administered to both patient and caregiver (1
questionnaire link) via REDCap 3 months after point-of-care appointment.

1. Did having PGx testing increase your confidence in taking medication?
Please indicate below, 0 being absolutely no change in my confidence in using these medications and 10 being the
biggest increase in confidence ever in using these medications.
Patient: _____
Parent: _____

2. Did having PGx testing improve your willingness to take medication more regularly (i.e., at the
dosing schedule prescribed by your child’s physician)?
Please indicate below, 0 being absolutely no change in my willingness in using these medications and 10 being the
biggest increase in willingness ever in using these medications.
Patient: _____
Parent: _____

3. Were you prescribed any pain medications since you were enrolled in the study? Y/N. If N, skip to 4.

(a) If Y, which medication?
Celecoxib (Celebrex)
Codeine
Flurbiprofen (Ansaid, Ocufen, Strepfen)
Ibuprofen (Advil)
Meloxicam (Mobic, Metacam)
Oxycodone (Oxycontin)
Piroxicam (Feldene)
Tramadol (Ultram)
Amitriptyline (Elavil)
Desipramine (Norpramin)
Imipramine (Tofranil)
None of the above

(b) [for each medication checked above] Did your child experience any side effects from this
medication? (check all that apply)

(a) GI side effects (diarrhea, constipation, upset stomach, nausea, vomiting, ulcers)
(b) Difficulties breathing
(c) Bleeding
(d) Drowsiness, dizziness
(e) Others: __________________________________

(c) [for each medication checked above] Since beginning this medication, how would you describe
the change in your child’s pain?

(a) No change (or function has worsened)
(b) Almost the same, hardly any change at all
(c) A little better, but no noticeable change
(d) Somewhat better, but the change has not made any real difference
(e) Moderately better, and a slight but noticeable change
(f) Better, and a definite improvement that has made a real and worthwhile difference
(g) A great deal better, and a considerable improvement that has made all the difference

(d) [for each medication checked above] Who prescribed this medication?

(a) Family doctor
(b) Pediatrician
(c) ER doctor
(d) Speciality appointment (i.e., rheumatology, pain, psychiatry, GI, etc.)

(e) [for each medication checked above] Did this doctor use the PGx results when prescribing this
medication?

(a) Yes, my doctor used the results
(b) The results were available but my doctor wasn’t interested in looking at them
(c) The results were available but the medication I was prescribed was not on the list
(d) I/we had not received my PGx results at the time that I was prescribed medica-tion

(f) [for each medication checked above] Is your child still taking this medication? Y/N. If N, why?

(a) This medication did not help
(b) My child stopped this medication because of side effects
(c) My child no longer needed this medication (i.e., pain subsided)
(d) Other: ___________
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Table A4. Cont.

4. Has your child ever been prescribed a psychiatric medication before? Y/N
If N, skip to 5.

(a) If Y, please indicate which psychiatric medications your child has been prescribed:

- Aripiprazole (Abilify)
- Atomoxetine (Strattera)
- Brexipiprazole (Rexulti)
- Citalopram (Celexa)
- Clobazam (Sympazan, Onfi)
- Clomipramine (Anafranil)
- Clozapine (Clozaril, FazaClo)
- Doxepin (Silenor)
- Escitalopram (Lexapro)
- Fluvoxamine (Luvox)
- Haloperidol (Haldol, Peridol)
- Nortriptyline (Pamelor, Noritren)
- Paroxetine (Paxil, Seroxat, Loxamine)
- Perphenazine (Trilafon)
- Pimozide (Orap)
- Pitolisant (Wakix)
- Risperidone (Risperdal)
- Sertraline (Zoloft)
- Thioridazine (Mellaril)
- Trimipramine (Surmontil)
- Venlafaxine (Effexor)
- Vortioxetine (Trintellix)
- Zuclopenthixol (Cisordinol, Clopixol)
- None of the above

(b) [for each medication checked above] Did your child experience any side effects from this
medication? (check all that apply)

(a) GI side effects (diarrhea, constipation, upset stomach, nausea, vomiting, ulcers)
(b) Difficulties breathing
(c) Bleeding
(d) Drowsiness, dizziness
(e) Others: __________________________________

(c) [for each medication checked above] Since beginning this medication, how would you describe
the change in your child’s pain?

(a) No change (or function has worsened)
(b) Almost the same, hardly any change at all
(c) A little better, but no noticeable change
(d) Somewhat better, but the change has not made any real difference
(e) Moderately better, and a slight but noticeable change
(f) Better, and a definite improvement that has made a real and worthwhile difference
(g) A great deal better, and a considerable improvement that has made all the difference

(d) [for each medication checked above] Who prescribed this medication?

(a) Family doctor
(b) Pediatrician
(c) ER doctor
(d) Speciality appointment (i.e., rheumatology, pain, psychiatry, GI, etc.)
(e) Other: _________

(e) [for each medication checked above] Did this doctor use the PGx results when prescribing this
medication?

(a) Yes, my doctor used the results
(b) The results were available but my doctor wasn’t interested in looking at them
(c) The results were available but the medication I was prescribed was not on the list
(d) I/we had not received my PGx results at the time that I was prescribed medica-tion

(f) [for each medication checked above] Is your child still taking this medication? Y/N
If N, why?

(a) This medication did not help
(b) My child stopped this medication because of side effects
(c) My child no longer needed this medication (i.e., pain subsided)
(d) Other: ___________
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Table A4. Cont.

5. Has your child ever been prescribed a gastroenterology medication before? Y/N

(a) If Y, please indicate which gastroenterology medications your child has been prescribed:

- Dexlansoprazole (Dexilant)
- Dronabinol (Marinol)
- Lansoprazole (Prevacid)
- Omeprazole (Prilosec)
- Ondansetron (Zofran, Zuplenz)
- Pantoprazole (Protonix)
- Metoclopramide (Reglan, Metozolv)
- Tropisetron
- None of the above

(b) [for each medication checked above] Did your child experience any side effects from this
medication? (check all that apply)

(a) GI side effects (diarrhea, constipation, upset stomach, nausea, vomiting, ulcers)
(b) Difficulties breathing
(c) Bleeding
(d) Drowsiness, dizziness
(e) Others: __________________________________

(c) [for each medication checked above] Since beginning this medication, how would you
describe the change in your child’s pain?

(a) No change (or function has worsened)
(b) Almost the same, hardly any change at all
(c) A little better, but no noticeable change
(d) Somewhat better, but the change has not made any real difference
(e) Moderately better, and a slight but noticeable change
(f) Better, and a definite improvement that has made a real and worthwhile difference
(g) A great deal better, and a considerable improvement that has made all the difference

(d) [for each medication checked above] Who prescribed this medication?

(a) Family doctor
(b) Pediatrician
(c) ER doctor
(d) Speciality appointment (i.e., rheumatology, pain, psychiatry, GI, etc.)
(e) Other: _________

(e) [for each medication checked above] Did this doctor use the PGx results when prescribing this
medication?

(a) Yes, my doctor used the results
(b) The results were available but my doctor wasn’t interested in looking at them
(c) The results were available but the medication I was prescribed was not on the list
(d) I/we had not received my PGx results at the time that I was prescribed medica-tion

(f) [for each medication checked above] Is your child still taking this medication? Y/N
If N, why?

(a) This medication did not help
(b) My child stopped this medication because of side effects
(c) My child no longer needed this medication (i.e., pain subsided)
(d) Other: ___________
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Appendix E

Table A5. PGx Testing Overall Feedback Questionnaire. Questionnaire to be administered to all
HCPs once participant recruitment has been completed.

Please indicate how the following statements apply to you:

Completely Agree Strongly Agree/Agree/Somewhat Agree/Somewhat Disagree/Disagree/Strongly Disagree/Completely
Disagree

1. I am notified which of my patients have received PGx testing.
2. The method of notification is effective—i.e., email to provider within EPIC.
3. The PGx results and report are easy to locate in the patient chart.
4. The PGx report recommendations are easy to interpret and utilize for clinical decision-making.
5. The PGx results are easy for me to explain to patients and parents.
6. I found the PGx results helpful in making medication recommendations to my patients.
7. I would consider requesting a PGx consult for future patients.
8. Please note that the PGx report provides the following types of recommendations:

(a) provide standard dosing;
(b) consider a deviation from standard dosing;
(c) consider a different medication.

The following question refers to how often you implement a recommendation from the PGx test for
your patients. We understand there are many medications that you might prescribe that are not listed or
tested for, but we are interested in whether you implemented a PGx recommendation for
those medications currently listed on the PGx test.

When prescribing a medication for your patient that is on the PGx test (e.g., ibuprofen, celecoxib,
amitriptyline, tramadol, oxycodone, other medications listed on the PGx that are relevant for your
patient such as psychiatric medications), do you implement the PGx recommendation:

(a) Always
(b) Most of the time
(c) Sometimes
(d) Infrequently
(e) Never

9. PGx testing for pain medications is a new initiative. Therefore, we are interested in any feedback you
can provide about your experience with PGx testing provided to your patients. Please provide any
additional feedback here (any areas that you like, areas for improvement.) comment box

Appendix F

Table A6. Alleles tested on the Agena MassARRAY® platform used in this protocol. The functional
status of each allele is indicated.

Gene Predicted * Allele Functional Status

CYP2C9

* 1 Normal Function

* 2 Decreased Function

* 3 No Function

* 4 Decreased Function

* 5 Decreased Function

* 6 No Function

* 8 Decreased Function

* 11 Decreased Function

* 12 Decreased Function

* 13 No Function

* 15 No Function

* 25 No Function

* 27 Uncertain Function
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Table A6. Cont.

Gene Predicted * Allele Functional Status

CYP2C19

* 1 Normal Function

* 2 No Function

* 3 No Function

* 4A No Function

* 4B No Function

* 5 No Function

* 6 No Function

* 7 No Function

* 8 No Function

* 17 Increased Function

CYP2D6 **

* 1 Normal

* 2 Normal Function

* 3 No Function

* 4 No Function

* 5 No Function

* 6 No Function

* 7 No Function

* 8 No Function

* 9 Decreased Function

* 10 Decreased Function

* 11 No Function

* 12 No Function

* 14A Decreased Function

* 14B Decreased Function

* 15 No Function

* 17 Decreased Function

* 18 No Function

* 19 No Function

* 20 No Function

* 29 Decreased Function

* 41 Decreased Function

* 69 No Function
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12. Světlík, S.; Hronová, K.; Bakhouche, H.; Matoušková, O.; Slanař, O. Pharmacogenetics of chronic pain and its treatment. Mediat.
Inflamm. 2013, 2013, 864319. [CrossRef] [PubMed]

13. Patrinos, G.P.; Shuldiner, A.R. Pharmacogenomics: The low-hanging fruit in the personalized medicine tree. Hum. Genet. 2022,
141, 1109–1111. [CrossRef] [PubMed]

14. Crews, K.R.; Hicks, J.K.; Pui, C.H.; Relling, M.V.; Evans, W.E. Pharmacogenomics and individualized medicine: Translating
science into practice. Clin. Pharmacol. Ther. 2012, 92, 467–475. [CrossRef]

15. Relling, M.V.; Klein, T.E. CPIC: Clinical Pharmacogenetics Implementation Consortium of the Pharmacogenomics Research
Network. Clin. Pharmacol. Ther. 2011, 89, 464–467. [CrossRef]

16. Whirl-Carrillo, M.; McDonagh, E.M.; Hebert, J.M.; Gong, L.; Sangkuhl, K.; Thorn, C.F.; Altman, R.B.; Klein, T.E. Pharmacogenomics
knowledge for personalized medicine. Clin. Pharm. Ther. 2012, 92, 414–417. [CrossRef]

17. Magarbeh, L.; Gorbovskaya, I.; Le Foll, B.; Jhirad, R.; Müller, D.J. Reviewing pharmacogenetics to advance precision medicine for
opioids. Biomed. Pharmacother. 2021, 142, 112060. [CrossRef]

18. Rodriguez Cairoli, F.; Appiani, F.; Sambade, J.M.; Comandé, D.; Camacho Arteaga, L.; Ciapponi, A. Efficacy and safety of opioid
therapy guided by pharmacogenetics: A systematic review. Pharmacogenomics 2021, 22, 573–586. [CrossRef]

19. Zobdeh, F.; Eremenko, I.I.; Akan, M.A.; Tarasov, V.V.; Chubarev, V.N.; Schiöth, H.B.; Mwinyi, J. Pharmacogenetics and pain treat-
ment with a focus on non-steroidal anti-inflammatory drugs (NSAIDS) and antidepressants: A systematic review. Pharmaceutics
2022, 14, 1190. [CrossRef]

20. Agulló, L.; Aguado, I.; Muriel, J.; Margarit, C.; Gómez, A.; Escorial, M.; Sánchez, A.; Fernández, A.; Peiró, A.M. Pharmacogenetic
guided opioid therapy improves chronic pain outcomes and comorbid mental health: A randomized, double-blind, controlled
study. Int. J. Mol. Sci. 2023, 24, 10754. [CrossRef]

21. Hamilton, W.G.; Gargiulo, J.M.; Reynolds, T.R.; Parks, N.L. Prospective randomized study using pharmacogenetics to customize
postoperative pain medication following hip and knee arthroplasty. J. Arthroplast. 2022, 37, S76–S81. [CrossRef] [PubMed]

22. Loh, F.H.; Azzi, B.; Weingarten, A.; Loewy, Z.G. Pharmacogenomic testing and patient perception inform pain pharmacotherapy.
J. Pers. Med. 2021, 11, 1112. [CrossRef] [PubMed]

23. Kunselman, A.R. A brief overview of pilot studies and their sample size justification. Fertil. Steril. 2024, 121, 899–901. [CrossRef]
[PubMed]

24. Birkett, M.A.; Day, S.J. Internal pilot studies for estimating sample size. Stat. Med. 1994, 13, 2455–2463. [CrossRef]
25. Ruskin, D.; Borsatto, J.; Szczech, K.; Tremblay, M.; D’Alessandro, L.N.; Mesaroli, G.; Sun, N.; Munns, C.; Stinson, J. “Working

together”: Perspectives of healthcare professionals in providing virtual care to youth with chronic pain during the COVID-19
pandemic. Int. J. Environ. Res. Public Health 2023, 20, 4757. [CrossRef]

26. Treede, R.D.; Rief, W.; Barke, A.; Aziz, Q.; Bennett, M.I.; Benoliel, R.; Cohen, M.; Evers, S.; Finnerup, N.B.; First, M.B.; et al.
Chronic pain as a symptom or a disease: The IASP Classification of Chronic Pain for the International Classification of Diseases
(ICD-11). Pain 2019, 160, 19–27. [CrossRef]

27. Harris, P.A.; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, J.G. Research electronic data capture (REDCap)—A metadata-
driven methodology and workflow process for providing translational research informatics support. J. Biomed. Inform. 2009, 42,
377–381. [CrossRef]

28. Whirl-Carrillo, M.; Huddart, R.; Gong, L.; Sangkuhl, K.; Thorn, C.F.; Whaley, R.; Klein, T.E. An Evidence-Based Framework for
Evaluating Pharmacogenomics Knowledge for Personalized Medicine. Clin. Pharmacol. Ther. 2021, 110, 563–572. [CrossRef]

29. Kim, J.A.; Ceccarelli, R.; Lu, C.Y. Pharmacogenomic Biomarkers in US FDA-Approved Drug Labels (2000–2020). J. Pers. Med.
2021, 11, 179. [CrossRef]

30. Hurst, H.A.; Bolton, J. Assessing the clinical significance of change scores recorded on subjective outcome measures. J. Manip.
Physiol. Ther. 2004, 27, 26–35. [CrossRef]

31. Theken, K.N.; Lee, C.R.; Gong, L.; Caudle, K.E.; Formea, C.M.; Gaedigk, A.; Klein, T.E.; Agúndez, J.A.G.; Grosser, T. Clinical
Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin.
Pharmacol. Ther. 2020, 108, 191–200. [CrossRef] [PubMed]

https://doi.org/10.1186/1741-7015-11-237
https://doi.org/10.1111/j.1365-2125.2005.02444.x
https://doi.org/10.1097/ACO.0000000000000579
https://www.ncbi.nlm.nih.gov/pubmed/29432292
https://doi.org/10.1155/2013/864319
https://www.ncbi.nlm.nih.gov/pubmed/23766564
https://doi.org/10.1007/s00439-022-02456-7
https://www.ncbi.nlm.nih.gov/pubmed/35482087
https://doi.org/10.1038/clpt.2012.120
https://doi.org/10.1038/clpt.2010.279
https://doi.org/10.1038/clpt.2012.96
https://doi.org/10.1016/j.biopha.2021.112060
https://doi.org/10.2217/pgs-2021-0021
https://doi.org/10.3390/pharmaceutics14061190
https://doi.org/10.3390/ijms241310754
https://doi.org/10.1016/j.arth.2022.02.037
https://www.ncbi.nlm.nih.gov/pubmed/35279338
https://doi.org/10.3390/jpm11111112
https://www.ncbi.nlm.nih.gov/pubmed/34834463
https://doi.org/10.1016/j.fertnstert.2024.01.040
https://www.ncbi.nlm.nih.gov/pubmed/38331310
https://doi.org/10.1002/sim.4780132309
https://doi.org/10.3390/ijerph20064757
https://doi.org/10.1097/j.pain.0000000000001384
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1002/cpt.2350
https://doi.org/10.3390/jpm11030179
https://doi.org/10.1016/j.jmpt.2003.11.003
https://doi.org/10.1002/cpt.1830
https://www.ncbi.nlm.nih.gov/pubmed/32189324


Children 2025, 12, 721 26 of 26

32. Bousman, C.A.; Stevenson, J.M.; Ramsey, L.B.; Sangkuhl, K.; Hicks, J.K.; Strawn, J.R.; Singh, A.B.; Ruaño, G.; Mueller, D.J.;
Tsermpini, E.E.; et al. Clinical Pharmacogenetics Implementation Consortium (CPIC) Guideline for CYP2D6, CYP2C19, CYP2B6,
SLC6A4, and HTR2A Genotypes and Serotonin Reuptake Inhibitor Antidepressants. Clin. Pharmacol. Ther. 2023, 114, 51–68.
[CrossRef] [PubMed]

33. Lima, J.J.; Thomas, C.D.; Barbarino, J.; Desta, Z.; Van Driest, S.L.; El Rouby, N.; Johnson, J.A.; Cavallari, L.H.; Shakhnovich, V.;
Thacker, D.L.; et al. Clinical Pharmacogenetics Implementation Consortium (CPIC) Guideline for CYP2C19 and Proton Pump
Inhibitor Dosing. Clin. Pharmacol. Ther. 2021, 109, 1417–1423. [CrossRef]

34. Crews, K.R.; Monte, A.A.; Huddart, R.; Caudle, K.E.; Kharasch, E.D.; Gaedigk, A.; Dunnenberger, H.M.; Leeder, J.S.; Callaghan,
J.T.; Samer, C.F.; et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2D6, OPRM1, and COMT
Genotypes and Select Opioid Therapy. Clin. Pharmacol. Ther. 2021, 110, 888–896. [CrossRef] [PubMed]

35. Ali, S.; Yukselogl, A.; Ross, C.J.; Rosychuk, R.J.; Drendel, A.L.; Manaloor, R.; Johnson, D.W.; Le May, S.; Carleton, B. Effects of
pharmacogenetic profiles on pediatric pain relief and adverse events with ibuprofen and oxycodone. Pain Rep. 2023, 8, e1113.
[CrossRef]

36. Manworren, R.C.; Stinson, J. Pediatric pain measurement, assessment, and evaluation. Semin. Pediatr. Neurol. 2016, 23, 189–200.
[CrossRef]

37. Jin, J. Risks of codeine and tramadol in children. JAMA 2017, 318, 1514. [CrossRef]
38. Dean, L.; Kane, M. Codeine Therapy and CYP2D6 Genotype. In Medical Genetics Summaries [Internet], 3rd ed.; Pratt, V.M., Scott,

S.A., Pirmohamed, M., Eds.; National Center for Biotechnology Information: Bethesda, MD, USA, 2021.
39. Kane, M. CYP2D6 Overview: Allele and Phenotype Frequencies. In Medical Genetics Summaries [Internet], 2nd ed.; Pratt, V.M.,

Scott, S.A., Pirmohamed, M., Eds.; National Center for Biotechnology Information: Bethesda, MD, USA, 2021.
40. Logan, D.E.; Claar, R.L.; Scharff, L. Social desirability response bias and self-report of psychological distress in pediatric chronic

pain patients. Pain 2008, 136, 366–372. [CrossRef]
41. Lenko, R.; Voepel-Lewis, T. To relieve pain or avoid opioid-related risk? A comparison of parents’ analgesic trade-off preferences

and decision-making in 2019 versus 2013 in a single U.S. pediatric hospital. Paediatr. Anaesth. 2021, 31, 878–884. [CrossRef]
42. McGrath, P.J.; Finley, G.A. Attitudes and beliefs about medication and pain management in children. J. Palliat. Care 1996, 12,

46–50. [CrossRef]
43. Rony, R.Y.; Fortier, M.A.; Chorney, J.M.; Perret, D.; Kain, Z.N. Parental postoperative pain management: Attitudes, assessment,

and management. Pediatrics 2010, 125, e1372–e1378. [CrossRef] [PubMed]
44. Ferreira do Couto, M.L.; Fonseca, S.; Pozza, D.H. Pharmacogenetic approaches in personalized medicine for postoperative pain

management. Biomedicines 2024, 12, 729. [CrossRef] [PubMed]
45. Rassekh, S.R.; Rieder, M.; ‘t Jong, G. Gene-based drug therapy in children. Paediatr. Child Health 2023, 28, 205–251. [CrossRef]

[PubMed]
46. Verstegen, R.H.J.; Cohn, I.; Feldman, M.E.; Gorman, D.; Ito, S. Gene-based drug therapy for children and youth treated with

psychoactive medications. Paediatr. Child Health 2024, 29, 311–323. [CrossRef]
47. Kaye, A.D.; Garcia, A.J.; Hall, O.M.; Jeha, G.M.; Cramer, K.D.; Granier, A.L.; Kallurkar, A.; Cornett, E.M.; Urman, R.D. Update on

the pharmacogenomics of pain management. Pharmgenomics Pers. Med. 2019, 12, 125–143. [CrossRef]
48. Birdwell, K.A.; Decker, B.; Barbarino, J.M.; Peterson, J.F.; Stein, C.M.; Sadee, W.; Wang, D.; Vinks, A.A.; He, Y.; Swen, J.J.; et al.

Clinical Pharmacogenetics Implementation Consortium (CPIC) Guidelines for CYP3A5 Genotype and Tacrolimus Dosing. Clin.
Pharmacol. Ther. 2015, 98, 19–24. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/cpt.2903
https://www.ncbi.nlm.nih.gov/pubmed/37032427
https://doi.org/10.1002/cpt.2015
https://doi.org/10.1002/cpt.2149
https://www.ncbi.nlm.nih.gov/pubmed/33387367
https://doi.org/10.1097/PR9.0000000000001113
https://doi.org/10.1016/j.spen.2016.10.001
https://doi.org/10.1001/jama.2017.13534
https://doi.org/10.1016/j.pain.2007.07.015
https://doi.org/10.1111/pan.14209
https://doi.org/10.1177/082585979601200310
https://doi.org/10.1542/peds.2009-2632
https://www.ncbi.nlm.nih.gov/pubmed/20498177
https://doi.org/10.3390/biomedicines12040729
https://www.ncbi.nlm.nih.gov/pubmed/38672085
https://doi.org/10.1093/pch/pxad002
https://www.ncbi.nlm.nih.gov/pubmed/37287477
https://doi.org/10.1093/pch/pxae028
https://doi.org/10.2147/PGPM.S179152
https://doi.org/10.1002/cpt.113

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Setting 
	Recruitment 
	Data Collection 
	PGx Testing Methods 
	Measures 
	Demographics 
	Medication Use History Questionnaire 
	PGx Testing Implementation/Acceptability Questionnaire—Prescriber 
	PGx Testing Follow-Up Questionnaire—Patient and Caregiver 
	PGx Testing Overall Feedback Questionnaire—Prescriber 

	Analytical and Statistical Approach 

	Results 
	Recruitment and Retention 
	Participant Characteristics 
	Medication Usage 
	Drug-Metabolizing Enzyme Status 
	Primary Objective 
	Secondary Objective 
	Feasibility of PGx Testing 
	Acceptability of PGx Testing 
	Implementation of PGx Testing 

	Exploratory Objective 

	Discussion 
	Clinical Considerations 
	Study Limitations 

	Conclusions 
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	Appendix F
	References

