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Pharmacogenetic Testing in Patients with Autism Spectrum
Disorder Evaluated in a Precision Medicine Clinic

Rachel Goodson, DO,* Jennifer Wagner, MD,}# Tracy Sandritter, PharmD, BCPPS,} Vincent S.
Staggs, PhD,$§ Sarah Soden, MD, || Cy Nadler, PhDi||
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ABSTRACT: Objective: This study investigated outcomes of pharmacogenetic testing of youth with autism
spectrum disorder (ASD) referred to a precision medicine clinic and explored associations between patient
characteristics and pharmacogenomic testing results. Methods: Records for patients diagnosed with ASD and
subsequently referred to a pediatric hospital’s precision medicine clinic between July 1, 2010, and June 30,
2020, were reviewed. Pharmacogenetic testing results were abstracted focusing on CYP2D6 and CYP2C19. In
addition, we compiled counts of patients’ co-occurring diagnoses, histories of adverse drug reactions (ADRs),
previously trialed ineffective medications, and previous psychiatric medication changes. Logistic regression
models were fit to examine CYP2C19 and CYP2D6 metabolizer status as functions of patient demographics and
prereferral medication histories. Results: Of 202 patients (mean age = 12.18 yrs), 66% were referred to pre-
cision medicine because of poor medication response. Among patients with pharmacogenomic testing results
for CYP2D6, 9% were classified as poor metabolizers; among patients with results for CYP2C19, 10% were
classified as rapid/ultrarapid metabolizers. Patient demographics and medication response history did not
predict pharmacogenomic results. However, the number of co-occurring diagnoses positively predicted the
number of nonpsychiatric ADRs and a higher probability of CYP2D6 poor metabolizer status; moreover, non-
psychiatric ADRs positively predicted CYP2C19 rapid/ultrarapid metabolizer status. Conclusion: In one of the
largest reported samples of youth with ASD clinically referred for pharmacogenetic testing, we observed high
variability in medication response and yield for actionable results. Our findings suggest potential clinical utility
for pharmacogenetic testing and introduce possible clinical profiles associated with metabolizer status.

(/ Dev Behav Pediatr 44:2505-€510, 2023) Index terms: precision medicine, personalized medicine, pharmacogenetics, autism spectrum disor-
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der.

Autism spectrum disorder (ASD) is present in ap-
proximately 1 in 36 children in the United States.' Chil-
dren with ASD are more likely to be diagnosed with co-
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occurring mental health concerns, and best practice
guidelines for these conditions include consideration of
medication management.>”* This makes polypharmacy
more common in youth with ASD than in neurotypical
children, including for youth in the 3- to 5-year-old age
range.5‘6 Drawing from a national registry of youth with
ASD, Rosenberg et al.” reported that more than 35% of
patients were prescribed at least 1 psychotropic medica-
tion, and around 10% were prescribed 3 or more. Despite
the more frequent use of medications for this population,
individuals with ASD are also less likely than neurotypical
peers to benefit from medication use, and they are also
more likely to experience adverse reactions.>® Medica-
tion management for youth with ASD is further compli-
cated by significant variability in clinical presentation and
heterogenous genetic and etiological pathways.
Pharmacogenetic testing is the analysis of genes in-
volved in drug metabolism and response, which can affect
drug efficacy and the likelihood of adverse reactions. Re-
sults can assist with drug and dose selection, with the goal
of improving outcomes.” For instance, patients identified as
poor or rapid metabolizers for a drug’s relevant substrate
might require lower or higher doses to achieve therapeutic
benefit and have an increased risk of drug-drug interactions

www.jdbp.org | €505
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or higher risk for toxicity.'” Pharmacogenetic testing is a

tool often used in personalized or precision medicine, and
this approach holds particular promise for individuals with
neurodevelopmental disabilities because of the opportu-
nity to investigate genetic and clinical predictors of drug
efficacy and adverse reactions.>'"'# Such predictors could
be incorporated into a standardized evaluation process to
increase the likelihood of medication benefit and enable
ASD-specific therapeutic guidance to be developed.'?

Autism spectrum disorder-specific pharmacogenomic
research is limited, but broader studies have examined
medications commonly prescribed to patients with ASD,
targeting behavioral and mental health symptoms. Vari-
ations in the metabolism of CYP2D6 and CYP2C19 are of
particular interest, given their known relevance for drugs
such as atomoxetine, risperidone, sertraline, and escita-
lopram.’¥'® Less evidence exists for the application of
pharmacodynamic genetic results, but investigations
continue evaluating associations with dopaminergic and
serotonergic variants.'” The application of pharmacoge-
netic information is included on Food and Drug Admin-
istration (FDA) labels for some drugs, and
multidisciplinary pharmacogenetic guidelines are avail-
able for some selective serotonin reuptake inhibitors
(SSRIs) and atypical antipsychotics; however, this guid-
ance is not specific to ASD and is commonly based on
studies of neurotypical adults.'"® Some research has
demonstrated the benefits of pharmacogenetic testing in
children with epilepsy, which may have relevance for
youth with ASD given the elevated rates of epilepsy in
this population.'®-2!

Pharmacogenomic profiles of youth with ASD are
nearly absent from the published literature, including
descriptions of the outcomes for youth referred to pre-
cision medicine clinics seeking guidance on the use of
specific medications (risperidone, atomoxetine, and
SSRIs).'® Patel et al.® examined the outcomes after
pharmacogenetic testing in youth with developmental
and/or behavioral diagnoses (including ASD) in a recent
single-site retrospective review. This study identified
actionable genes and reported on the frequency of
medication changes after testing but did not directly
examine the predictors of actionable results or other
drivers of prescribing practices in this patient pop-
ulation, such as polypharmacy and adverse drug reac-
tions (ADRs). However, these results do highlight the
potential benefits of pharmacogenetic testing after mul-
tiple drug failures and/or ADRs, although the heteroge-
neous sample limits conclusions about youth with ASD
specifically.

As the availability of pediatric precision medicine us-
ing pharmacogenetic testing increases, youth with ASD
appear to be well represented in referred pop-
ulations.®?* Additional data on both the clinical use and
outcomes of this emerging science are needed to build
toward evidence-based dosing guidelines specific to
youth with ASD. Therefore, this study had the following
objectives: (1) add to the published precision medicine
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literature by describing the medication histories and
metabolism results for youth with ASD referred to a
precision medicine service and (2) identify relationships
between demographic/clinical patient characteristics
and pharmacogenomic testing results.

METHODS

This is a retrospective, descriptive study using records
from pediatric patients who received care in the pre-
cision medicine clinic at a midwestern pediatric hospital.
The clinic functions as a consultation service for a wide
variety of patients referred for concerns related to poor
drug response and adverse events.>? Local institutional
review board approval was obtained before data collec-
tion and analysis. Patients were included in this study if
they were seen in the precision medicine clinic between
July 1, 2010, and June 30, 2020, and had a clinical di-
agnosis of ASD based on ICD-9/10 codes in the available
medical records (including historical diagnoses of autis-
tic disorder, pervasive developmental disorder, and
Asperger syndrome). Patient demographics, medical and
psychiatric comorbidities, medication history, and rea-
sons for seeking personalized medicine were abstracted
from clinic intake records; available pharmacogenomic
testing results (from commercial third-party laboratories)
and subsequent medication recommendations were
extracted from clinic follow-up data and transferred from
the electronic medical record to the clinic’s secure
REDCap database. We focused on CYP2D6 and CYP2C19
results, given the relevance of these drug-metabolizing
enzymes for commonly prescribed psychotropic medi-
cations (atypical antipsychotics and SSRIs). Updated
functional phenotype predictions (i.e., ultrarapid, rapid,
intermediate, normal, and poor metabolizer) were de-
termined based on the most recent Clinical Pharmaco-
genetics Implementation  Consortium  consensus
guidelines to allow for uniform classifications across the
study period.*

We computed counts of medical and psychiatric di-
agnoses, ADRs resulting from the use of psychiatric and
nonpsychiatric medications, ineffective medications, and
psychiatric medication changes. Using negative binomial
regression, we modeled counts of psychiatric and non-
psychiatric ADRs as a function of demographic variables
and patients’ count of diagnoses. Negative binomial re-
gression was also used to model the count of psychiatric
medication changes as a function of patient age, sex,
race, reason for the clinic visit, subspecialty referral (yes/
no), and total numbers of psychiatric and nonpsychiatric
medications reported at baseline. An analogous logistic
regression model was fit to model odds of any psychi-
atric medication change as a function of the same ex-
planatory variables.

In exploratory analyses, we fit logistic regression
models to predict metabolizer status for CYP2C19 and
CYP2D6 using diagnosis count, count of ineffective
medications, count of psychiatric ADRs, and count of
nonpsychiatric ADRs. Given the distribution of profiles

Journal of Developmental & Behavioral Pediatrics
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in the sample, we examined predictors for CYP2C19
rapid or ultrarapid (vs other) status and CYP2D6 poor (vs
other) status. We also examined similar models with any
ineffective medication (yes/no) replacing the count of
ineffective medications and the total count of side effects
or any side effect (yes/no) replacing separate count
variables for psychiatric and nonpsychiatric ADRs, but
these models yielded similar or poorer predictive
performance.

RESULTS

All 202 patients with clinical diagnoses of ASD seen in
the precision medicine clinic had known co-occurring
medical and/or psychiatric conditions, the most com-
mon of which included attention-deficit/hyperactivity
disorder (72%), anxiety (54%), developmental delay
(26%), a known genetic disorder (19%), seizure disorder
(16%), mood disorder (13%), tic disorder/Tourette syn-
drome (11%), and depression (11%). Most patients were
referred from subspecialty providers (Table 1). The most
common reasons for referral and subsequent pharma-
cogenetic testing were poor medication response (66%)
and adverse drug reactions (ADRs) (49%). The mean age
at the time of the first visit was 12.2 years (SD 4.2). On
initial presentation to the clinic, patients were already
receiving a mean of 6.2 medications (SD of 4.4). The
most prescribed categories of medication included
medications used for sleep (52%), medications for gas-
trointestinal disorders (50%), alpha-2 adrenergic agonists
(49%), anticonvulsants (44%), stimulants (41%), second-
generation atypical antipsychotics (40%), and selective
serotonin reuptake inhibitors (30%). Of all the medica-
tions prescribed, only 11% had prescribing guidelines
from either Clinical Pharmacogenetics Implementation
Consortium (CPIC) or the Dutch Pharmacogenetics
Working Group.23’24

Pharmacogenomic testing results for CYP2D6 were
available for 88% of patients. Of these patients, 9% were
classified as poor CYP2DG6 metabolizers under current
CPIC guidelines. Results for CYP2C19 were available for
66% of patients, of whom 10% had results classifying
them as rapid or ultrarapid CYP2C19 metabolizers.
Roughly two-thirds (66%) of the overall sample had re-
sults available for both CYP2D6 and CYP2C19. The dis-
tributions of metabolism status are presented visually in
Figure 1 (CYP2D6) and Figure 2 (CYP2C19).

Results from negative binomial regression modeling
are displayed in Table 2. Age at visit was a significant
predictor of nonpsychiatric (but not psychiatric) ADRs,
although this effect was small (ExpB) 1.06, 95% confi-
dence interval [CI] 1.03-1.09, p < 0.001). The number
of co-occurring mental health diagnoses was positively
associated with the number of ADRs, with an estimated
average increase of 9% in the count of psychiatric ADRs
Exp®B) 1.09, 95% CI 0.99-1.20, p = 0.069) and 13%
increase in the count of nonpsychiatric ADRs (Exp(B)
1.13, 95% CI 1.03-1.24, p = 0.013) per additional di-

Vol. 44, No. 8, October/November 2023

agnosis, adjusting for the other model variables. The es-
timated average count of psychiatric medication changes
increased by 15% (Exp(B) 1.15, 95% CI 0.97-1.36, p =
0.107) per additional psychiatric medication and de-
creased by 10% (Exp(B) 0.90, 95% CI 0.84-0.98, p =
0.010) per additional nonpsychiatric medication, again
after adjustment for all other model variables.

(Supplemental Digital Content 1, http://links.Iww.
com/JDBP/A434). Odds of at least 1 psychiatric medica-
tion change were higher for patients with an ADR or
poor medication response listed as the reason for their
clinic visit, but 95% CIs were also too wide to rule out
effects in the opposite direction.

In logistic regression models, we used counts of co-
occurring medical and psychiatric diagnoses, ineffective
medications, psychiatric ADRs, and nonpsychiatric ADRs
to predict metabolism status for CYP2D6 and CYP2C19
(Supplemental Digital Content 2, http://links.lww.com/
JDBP/A434). For CYP2DG6, higher diagnostic counts were
associated with a higher probability for CYP2D6 poor
(vs. intermediate or normal) metabolizer status, with an
adjusted odds ratio (aOR) of 1.55 (95% CI 1.03—2.38, p
= 0.036; Fig. 1). For CYP2C19, higher counts of non-
psychiatric ADRs were predictive of a lower probability
for CYP2C19 rapid or ultrarapid (vs nonrapid) metabo-
lizer status (aOR 0.70, 95% CI 0.48-0.95, p = 0.036). As
shown in Figure 2, the average number of non-
psychiatric ADRs decreased from its high (3.5) in the
poor/intermediate metabolizer group to its low (1.1) in
the ultrarapid group.

DISCUSSION

In our sample of youth with ASD referred for pre-
cision medicine, we saw high rates of poor medication
response and medication adverse reactions consistent
with prior reports. Youth with ASD in this sample had
notably high rates of poor CYP2DG6 metabolism relative
to rates found in large population-based samples (9% vs
0.4%-5.4%, depending on ethnicity).>> We also observed
lower rates of CYP2C19 rapid/ultrarapid metabolism
compared with population-based samples (10% vs
31.5%).2¢ Larger comparisons are needed to establish
whether these differences are replicable, and whether
the ASD phenotype itself is related to the pharmacoge-
nomic profile. If future studies do continue to identify
base-rate differences in metabolizer status for individuals
with ASD, this awareness might inform dosing recom-
mendations and help explain why this population ap-
pears to benefit less from medication use and experience
more adverse reactions.>®°

Although the metabolism profile was not associated
with demographics in our sample, we did observe that
the number of co-occurring diagnoses was positively
associated with the number of psychiatric and non-
psychiatric adverse drug reactions (ADRs) experi-
enced by patients. Based on the extremely high rates
of both medical/psychiatric complexity and

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. €507
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Table 1. Sample Demographics, Referral, and Metabolism
Characteristics

Variable Mean (SD) Range
Age (yr) 1218 (4.2) 2.9-22.6
Variable Count %
Sex
Female 63 31
Male 139 69
Race
Black /African American 18 9
White 168 83
Others 10 5
Ethnicity
Hispanic/Latino 4 2
Non-Hispanic//Latino 198 98
Referral reason
ADR 98 49
Poor medication response 131 66
Genotype result review 5 2
Genotyping requested by the physician 29 14
Genotyping requested by the family 25 12
Others 44 22
Referral source
Primary care provider 34 16
Subspecialist 158 78
Selfreferral 10 5
(YP2Q19 status’
Poor 4 3
Intermediate 39 29
Normal 76 57
Rapid /ultrarapid 15 10
Missing 68 -
(YP2D6 status®
Poor 13 9
Intermediate 75 56
Normal 89 66
Rapid /ultrarapid 1 07
Missing 24 —

“Percentages were calculated based on the available number of genotype results for each enzyme.

medication use seen throughout our sample, we
question whether this finding can be attributed to
polypharmacy alone; it may be better explained by the
relationship between phenotypic complexity and the
underlying genotype. The American Academy of Pe-
diatrics already encourages providers to consider
pharmacogenetic testing in the course of medication
management for youth with ASD, and the FDA rec-
ommends testing after repeated medication failures.?
Although more research would be needed to support a
recommendation for proactive pharmacogenomic

@508 Pharmacogenetic Testing in Autism

testing (i.e., before initiating medication management)
for youth with ASD, the consistently high rates of
polypharmacy and poor medication outcomes in this
population invite this future consideration. In a cluster-
randomized crossover implementation trial of pro-
spective pharmacogenomic testing, Swen et al.>’ recently
demonstrated a 30% reduction of severe ADRs in a sample
of adults prescribed drugs with actionable dosing guide-
lines; notably, CYP2D6 accounted for the highest pro-
portion of patients with actionable variants. Prospective
pharmacogenomic testing would also mirror the move-
ment toward “genotype-first” approaches to un-
derstanding etiologic heterogeneity in ASD, potentially
yielding both clinical benefits and support bottom-up in-
vestigation of metabolism profiles and medication re-
sponse for this population.”®*?  Alternatively, our
demonstration of differential clinical predictors for
CYP2D6 and CYP2C19 metabolizer status suggests the
possibility that future guidance on when to initiate phar-
macogenetic testing (and what specific drug-metabolizing
enzymes should be examined) might be derived from a
patient’s clinical profile. A third of the patients in our
sample did not receive pharmacogenetic testing that
addressed both CY2D6 and CYP2C19 status, likely
reflecting historical practices of ordering single-gene
studies; our findings underscore the value of testing fo-
cused on relevant genes with actionable implications.

This study is one of the largest to date that focuses
specifically on youth with ASD referred to clinical pre-
cision medicine. Future studies should include compari-
son samples of typically developing youth and youth with
developmental differences other than ASD. Given the
significant heterogeneity in the genotype and phenotype
within the ASD population, generalizability of our findings
may be limited. Future studies should also integrate more
detailed medication histories and clinical data to support
the exploration of whether the phenotypic heterogeneity
observed in ASD might be leveraged to identify youth
most likely to receive actionable precision medicine re-
sults. Larger samples and more nuanced characterization
should increase the potential to identify specific medica-
tion guidelines in which significant dosage adjustments
are needed to optimize care based on pharmacogenetic
results within the pediatric ASD population.

Our sample had limited racial/ethnic diversity,
highlighting the need for proactive efforts to increase
access to this service to all youth and to increase di-
verse representation in research reference samples.
The demographic representation of youth with ASD
in our precision medicine clinic (83% White, 9%
Black, and 8% multiracial/other) was starkly different
from the demographic characteristics of our hospi-
tal’s autism clinic (66% White, 14% Black/African
American, and 20% multiracial/other) and the hospi-
tal’s overall patient population (61% White, 16%
Black/African American, and 24% multiracial/other),
raising questions about referral biases and other sys-
temic factors limiting access to precision medicine

Journal of Developmental & Behavioral Pediatrics
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Count of medical and psychiatric co-occurring diagnoses by CYP2D6 metabolizer status with bootstrap 95% Cls and p values for pairwise

beyond the known barriers to ASD subspecialty
care.’® Our team is currently investigating modifiable
barriers and facilitators for accessing pharmacoge-
netic testing through a survey supported by Simons
Foundation Powering Autism Research for Knowl-
edge, with the overarching goal of identifying
evidence-based approaches for increasing equitable
access to this service. Moving forward, we encourage
precision medicine clinics to monitor the represen-
tation of referred patients in relation to the commu-
nities they serve.

In one of the largest reported samples of youth with
ASD clinically referred for pharmacogenetic testing, we
observed high variability in medication response and
yield for actionable results. Our exploratory analyses also
demonstrate the possibility of pursuing clinical and
phenotypic predictors of metabolizer status. Overall,
these findings add to the emerging literature on the
utility of pharmacologic testing, including the need for
additional research on how to address health disparities
in precision medicine access and when pharmacologic
testing should be incorporated into clinical care.
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Figure 2.  Count of nonpsychiatric ADRs by CYP2C19 metabolizer status with bootstrap 95% Cls and p values for pairwise mean differences. Diamonds
indicate mean values. ADRs, adverse drug reactions; Cl, confidence interval.
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Table 2. Results of Negative Binomial Models for Psychiatric and Nonpsychiatric ADRs as Functions of Demographic Variables and Diagnoses

Psychiatric ADRs" Nonpsychiatric ADRs"
Variable Exp(B) Low95 Upp95 [ Exp(B) Low95 Upp95 p
Age at visit 1.02 0.99 1.06 0.133 1.06 1.03 1.09 <0.001
Male 1.18 0.90 1.56 0.229 1.20 0.90 1.58 0.210
Diagnosis count 1.09 0.99 1.20 0.069 1.13 1.03 1.24 0.013
Race/ethnicity
Black 0.97 0.63 1.49 0.874 0.88 0.56 1.37 0.562
Others 0.82 0.48 1.40 0.469 0.82 0.48 1.40 0.464
White Referent
°ADRs, adverse drug reactions.
REFERENCES 16. Rossow KM, Aka IT, Maxwell-Horn AC, et al. Pharmacogenetics to
predict adverse events associated with antidepressants. Pediatrics.

1. Maenner MJ, Warren Z, Williams AR, et al. Prevalence and 2020;146:€20200957.
characteristics of autism spectrum disorder among children aged 8 17. Hervas A, Serra-LLovich A, Rueda I, et al. Pharmacogenetic
years—autism and developmental disabilities monitoring network, influences on the response to pharmacological treatment in autism
11 sites, United States, 2020. MMWR Surveill Summ. 2023;72:1-14. spectrum disorders. J Translational Genet Genomics. 2021;5:

2. Hyman SL, Levy SE, Myers SM, et al. Identification, evaluation, and 278-287.
management of children with autism spectrum disorder. 18. Lapato DM, Moore AA, Findling R, et al. An update on precision
Pediatrics. 2020;145:€20193447. medicine advances in neurodevelopmental disorders. Psychiatr

3. Bose-Brill S, Xing J, Barnette D, et al. Pharmacogenomic testing: Ann. 2021;51:175-184.
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