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Novel Implementation of Genotype-Guided Proton
Pump Inhibitor Medication Therapy in Children: A Pilot,
Randomized, Multisite Pragmatic Trial

Emily J. Cicali', Kathryn Blake?, Yan Gong', Edward B. Mougey?, Hadeel Al-Atrash®*, Nancy Chambers®, Jolanda Denham®*,
Jonathan Evans?, Donald E. George?, Roberto Gomez>*, Pablo Palomo®*, Salik Taufig?, Julie A. Johnson', John J. Lima? and James

P. Franciosi®**

The efficacy of proton pump inhibitor (PPI) medications is highly dependent on plasma concentrations, which varies consid-
erably due to cytochrome P450 (CYP2C19) genetic variation. We conducted a pragmatic, pilot study of CYP2C 19 genotype-
guided pediatric dosing of PPl medications. Children aged 5-17 years old with gastric-acid-related conditions were
randomized to receive either conventional dosing of a PPl or genotype-guided dosing for a total of 12 weeks. Sixty children
(30 in each arm) were enrolled and had comparable baseline characteristics. The mean daily omeprazole equivalent dose
prescribed to participants across metabolizer phenotype groups was significantly different in the genotype-guided dosing
arm (P < 0.001), but not in the conventional dosing arm. Prescribers waited for the genotype result before prescribing the PPI
medication for 90% of the participants in the genotype-guided dosing arm. The number of participants who reported an
infection was marginally lower in genotype-guided dosing vs. conventional dosing (20% vs. 44%; P = 0.07). Sinonasal symp-
toms were higher in the conventional dosing arm as compared with genotype-guided dosing arm: (2.6 (2.0, 3.4) vs. 1.8 (1.0,
2.3), P = 0.031). CYP2C19 genotype-guided PPI therapy is feasible in a clinical pediatric setting, well accepted by provid-
ers, resulted in differential PPl dosing, and may reduce PPI-associated infections. A future large scale randomized clinical
trial of CYP2C19 genotype-guided pediatric dosing of PPl medications in children is warranted.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?

It is well known that efficacy (and perhaps safety) of
PPIs is related to plasma drug concentrations, which
are influenced by genetic variability in CYP2C19. It has
been suggested to dose PPl by CYP2C79 genotype
but it is unknown if it is feasible in pediatric specialty
clinics.

WHAT QUESTION DID THIS STUDY ADDRESS?

This study sets out to determine if pharmacogenetic
guided dosing of PPIs is feasible and if it leads to differ-
ential dosing of PPls.

WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

This study found that the CYP2C19-guided approach
to dosing PPIs was feasible in children, led to differential
dosing of PPIs, was accepted by providers, and reduced
occurrence of infection without compromising efficacy.
HOW MIGHT THIS CHANGE CLINICAL
PHARMACOLOGY OR TRANSLATIONAL SCIENCE?
A large scale randomized clinical trial in children is war-
ranted and may lead to widespread clinical implementa-
tion of CYP2C19-genotype guided PPl dosing. This can
be applicable for both children and adults as the pharma-
cokinetics of PPlIs are similar between the two populations.

Gastroesophageal reflux disease (GERD) and related dis-
orders are highly prevalent in both adults and children,
10-20% and 7%, respectively."? The efficacy of PPIs for
GERD is well established in the pediatric population3 and

current guidelines recommend a 4-12 week course of em-
piric proton pump inhibitor (PPIl) medications for treatment
of typical symptoms.4 However, there is emerging evidence
that the use of PPIs has been associated with potentially
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serious adverse events, including respiratory infections,®'?
gastric infections,® 1'% fractures,'®'” as well as acute and
chronic kidney disease.'®®

PPI efficacy is highly dependent on plasma concentra-
tions, which vary considerably owing in part to cytochrome
P450 (CYP2C19) genetic variation in both pediatric,?*?2 and
adult populations.?>” No function and increased function
CYP2C19 alleles reduce and increase PPI hepatic clearance,
respectively. This results in higher and lower concentrations,
respectively, as compared with normal function alleles?®28
following administration of equal doses. Carriage of one or
two no function alleles defines intermediate metabolizer (IM)
and poor metabolizer (PM) phenotypes, respectively, car-
riage of one or two increased function alleles defines rapid
metabolizer (RM) and ultrarapid metabolizer (UM) pheno-
types, respectively, and carriage of no variant alleles defines
the normal metabolizer (NM) phenotype.29 Across popula-
tions, 33% will carry one or more increased function alleles
and be at risk for decreased PPl concentrations, whereas
30% will carry one or more decreased function alleles and
be at risk for increased PPI concentrations.®%!

Although PPIs are believed to be highly effective and
safe, numerous studies have reported lower blood levels
and higher treatment failures in RM and UM phenotypes
compared with NM phenotypes.®*3?734 Additionally, some
studies have linked PPl-associated respiratory infections
to CYP2C19 PM phenotype.®®53® Indeed, several authors
have recommended genotype-guided PPI dosing to avoid
treatment failures and adverse events.®>%"38 |mplementing
pharmacogenetic testing for certain gene-drug pairs has
been challenging, especially in a pediatric setting.*® The ob-
jective of the present study was to conduct a pilot study
of genotype-guided dosing of PPIs based on CYP2C19
metabolizer phenotype in pediatric patients to evaluate the
feasibility for a larger multisite clinical trial. To determine
implementation fidelity, we investigated the prescribed PPI
dose as a measure of acceptance of the genotype-guided
recommendation. We hypothesized that clinical implemen-
tation of CYP2C19 genotype-guided therapy in pediatric
gastroenterology specialty clinics was feasible and would
lead to differential dosing of PPlIs.

METHODS

Setting

This pilot was implemented in select clinics across the
Nemours Children’s Health System in Florida. The loca-
tions were the pediatric gastroenterology practice clin-
ics at Nemours Children’s Hospital in Orlando and Lake
Mary, Florida, and Nemours Children’s Specialty Care in
Jacksonville, Florida.

Study Population

We planned atarget sample size of 60 children over 6 months
for our pilot study. Although a formal power calculation was
not done, we believed this was a reasonable sample size
to test the fidelity of the clinical implementation, as we
expected, about 18 participants in the genotype-guided
dosing (GGD) arm to have an actionable genotype leading
to a dosing recommendation. Children aged 5-17 years old
with GERD, or other gastric-acid related conditions (e.g.,
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esophagitis, gastritis, and duodenitis), in which initiating
PPI treatment was warranted, or whose symptoms were
poorly controlled on existing PPI treatment, were eligible
to participate. Study exclusion criteria included lack of ac-
cess to the internet, extensive esophageal or gastric sur-
gery, major chronic conditions that, in the opinion of the
provider, would interfere with participation, and an inability
to communicate in English. Participation required written
parental informed permission for all ages and, in addition,
assent was required from children age 7 years and older.
Study procedures and data collection were approved by
the Nemours Children’s Health System Institutional Review
Board, and all procedures were in accordance with the eth-
ical standards of the Declaration of Helsinki. The study is
registered on ClinicalTrials.gov (trial no. NCT02930824).

Genotyping

Participants were randomized to receive a PPl medica-
tion using either standard weight-based conventional
dosing (CD) per the US Food and Drug Administration
(FDA) approved product label (https://www.accessdata.
fda.gov/scripts/cder/daf/), or CYP2C19 GGD for a total of
12 weeks. Figure 1 depicts the study flow, including the
dosing recommendations in the GGD arm. The allocation
sequence for randomization was generated using the web-
site Randomization.com (http://www.randomization.com).
All participants provided a saliva sample using Oragene
OGR-575 saliva collection kits from DNA Genotek, and
some also provided a buccal sample at baseline pending
on their clinic site. The genotype results for participants
in the CD arm were blinded to participants, their parents,
and prescribers until the end of the study. Genotyping at
the Orlando clinic site was done with a buccal sample by
the Spartan RX (Spartan Bioscience, Ottawa, Ontario,
Canada) system. Spartan RX is approved by the FDA as a
qualitative in vitro diagnostic test to identify the presence of
CYP2C19 *2, *3 and *17 alleles. One sample is run at a time
within 1-hour of collection, and takes ~1 hour to provide
results. CYP2C19 genotyping on the Spartan RX system
was validated using external standards and met all Clinical
Laboratory Improvement Amendments requirements at
Nemours Children’s Hospital in Orlando. For the partici-
pants whose samples were collected when Spartan RX was
not available (e.g., sample already running, Spartan RX not
available on site), or had inconclusive results, their saliva
samples were sent to a Clinical Laboratory Improvement
Amendments-licensed laboratory at the Nemours Alfred I.
DuPont for Children Hospital. Phenotypes were assigned
from the genotype, PMs had two no function alleles (*2 or
*3), IMs carried a *1 allele and one no function allele, NMs
had the *1/*1 or *2/*17 diplotype, RMs were *1/*17, and UMs
were *17/*17.

Dosing recommendations

Once the diplotype results were returned, the prescriber
received the results and a per-protocol dosing recommen-
dation for the PPI via email from the study coordinator for
participants in the GGD arm. The dosing recommendations
were specific for CYP2C19 phenotype and based on pre-
vious recommendations published by our group,®” which
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Figure 1 Study flow diagram. Children were eligible for the study
if they were age 5-17 years old and presented with symptoms
of gastroesophageal reflux disease, or other gastric-acid
related conditions, where initiating a proton pump inhibitor (PPI)
medication was warranted, or were on a subtherapeutic PPI.
Once informed consent was obtained, participants provided
a saliva sample and if enrolled from the Orlando site they also
provided a buccal sample for genotyping, completed baseline
questionnaires, and then were randomized 1:1 into either the
conventional dosing arm or genotype-guided dosing arm.
Prescribers received a recommendation for the participant’s
PPl dose, once the participant started the PPl they completed
questionnaires on a weekly basis throughout the study. IM,
intermediate metabolizer; NM, normal metabolizer; PM, poor
metabolizer; RM, rapid metabolizer; UM, ultrarapid metabolizer.

are identical for the entire class of PPIs, and supported by
primary literature.?%242% Specifically, for participants classi-
fied as PMs and IMs, a dose recommendation of decreas-
ing the PPI dose by 50% was provided. For the participants
classified as RMs and UMs, a dose recommendation of in-
creasing the PPI dose by 50% and 100%, respectively, was
provided. Participants in the CD treatment arm received
weight-based dosing recommendations that were based
on the FDA approved label.

Data collection

All data were collected and managed using Research
Electronic Data Capture, an electronic data capture tool
hosted at Nemours Children’s Hospital.*? Participants and
their parents provided their baseline characteristics (e.g.,
age, gender, race, and ethnicity), medical diagnoses, and
medication use at the baseline visit. Implementation met-
rics collected throughout the study included the date the
DNA sample was collected, genotype results and date
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returned, recommended PPI dose, as well as PPl pre-
scription information (date written, specific PPI, and dose).
These measures allowed for calculation of genotype results
turnaround time, length of time between genotype results
and PPI prescription, as well as the number of recommen-
dations accepted.

Pilot data on clinical outcomes, including safety and ef-
ficacy, were assessed by having participants and their par-
ents complete questionnaires at baseline and throughout
the study. There were four questionnaires in total, two as-
sessed safety and two assessed efficacy. Occurrence of ad-
verse events over the 12 weeks was captured by the Safety
Questionnaire (SafetyQ), which was to be completed on a
weekly basis by the parents. The SafetyQ, which has been
used in a previous clinical trial,” asked about the occurrence
of seven different respiratory symptoms since their last visit
(i.e., upper respiratory infection, sore throat, strep throat,
bronchitis, pneumonia, ear infection, and acute sinusitis). In
addition, a validated patient-reported outcome, the SN-5:
Pediatric Sinonasal Symptom Survey*' was to be completed
monthly by the parents. The SN-5 metrics included sinus
infection, nasal obstruction, allergy symptoms, emotional
distress, activity limitations, and overall quality of life. The
composite score takes the average of all aforementioned
metrics excluding quality of life. The parents were asked
how often each of these metrics was a problem for their child
in the last 4 weeks. Efficacy of PPI therapy was evaluated
using by two validated patient-reported outcome question-
naires, the GERD Assessment of Symptoms in Pediatrics
Questionnaire (Gasp-Q)*? and Pediatric Quality of Life
Inventory (PedsQL) Gastrointestinal Symptoms Module,**44
which were both completed weekly by the participants. The
Gasp-Q inquired about the severity and frequency of belly
pain, chest pain, difficulty swallowing, choking, burping,
nausea, pain after eating, night pain, and vomiting. The gas-
trointestinal problems included in the PedsQL were stomach
pain and hurt, stomach upset, food and drink limits, trouble
swallowing, heartburn and reflux, gas and bloating, consti-
pation, diarrhea, and worry. The date the participants started
their PPI therapy was confirmed with the family by the re-
search coordinator and was used by Research Electronic
Data Capture to automatically send participants a secure
link to complete the questionnaires at the appropriate time
points (e.g., after 1 week of PPI therapy).

Data analysis

The majority of the data analyses were conducted using
SAS software, version 9.4 (SAS Institute, Cary, NC). We an-
alyzed baseline characteristics and implementation mea-
sures between the two arms using x?/Fishers Exact, or T
test for categorical and continuous data, respectively.

To address our hypothesis of differential PPl doses, we
analyzed the mean dose of PPI prescribed across pheno-
types within each arm using Kruskal-Wallis analysis and
within each phenotype between arms using a Wilcoxon
Rank Sum test. The PPI and dose prescribed for all par-
ticipants was converted into omeprazole equivalents for
analyses. The equivalents were based on the potency of
the PPI as described by Kirchheiner and coIIeagues.45 The
SafetyQ was analyzed by a Kaplan-Meier analysis using



GraphPad Prism (GraphPad Software, La Jolla, CA). We
included all the results from participants’ who took their
PPI for any duration but excluded those who reported an
infection on the same day they started their PPI therapy.
This analysis included only the questions inquiring about
upper respiratory infection (URI), sore throat, and acute
sinusitis, to determine if we could replicate previous pub-
lished findings.® For the SN-5, which was completed at
weeks 4, 8, and 12, we compared the patient-reported
scores reported at week 4 (or next available results) be-
tween the CD and GGD groups utilizing a Wilcoxon Rank
Sum Test. We adjusted these end points for covariates,
including the baseline score, race, and baseline medica-
tions using logistic regression. The scores from the effi-
cacy questionnaires were also analyzed with a Wilcoxon
Rank Sum Test, but the change in score from baseline to
the week 4 + 1-week questionnaire was analyzed between
arms. If a participant did not complete a follow-up efficacy
questionnaire during their third to fifth week of PPI ther-
apy, or a SN-5 questionnaire after week 4, their question-
naire results were excluded from the analyses. The SN-5,
Gasp-Q, and PedsQL used the week 4 time point for anal-
yses, as it has been shown that the greatest symptomatic
improvement occurs in the first 2-4 weeks of PPI therapy,*
and because the greatest number of questionnaires were
completed at week 4, with a limited number of completed
questionnaires past this time point.

RESULTS

Enrollment took place from March 9, 2017, to August 17,
2017. Approximately 71 children were approached for en-
rollment, 2 declined to participate and 9 were non-English
speaking and, thus, not eligible. Sixty participants were en-
rolled and randomized in a 1:1 allocation to CD (n = 30) or
GGD (n = 30). Participants were followed for 12 weeks, with
the last follow-up occurring on October 23, 2017. Table 1
summarizes the baseline characteristics. Over half of the
participants were female (56%), most were white (78%), and
only a small portion reported taking a PPI at the start of
the study (20%). Due to the limited number of participants
treated with a PPI at entry (n = 12), they were treated the
same as all other participants in the analyses. The mean
age was 12 = 3 years old. The CD and GGD arms were
not significantly different from one another with regard to
medical diagnoses, medication use, or baseline heartburn
symptoms. One child in the GGD arm opted to not initiate
PPI therapy and, thus, was not prescribed a PPl due to
symptom improvement.

The number of participant questionnaires included in the
questionnaire analyses varies, as it depends on the number
of questionnaires completed. Although automatic reminders
for the questionnaires were sent out to the families, they were
not always completed. Overall, there was a 51% completion
rate for all four questionnaires. In certain instances, partici-
pants completed some of the questionnaires for a particular
week but not all of the questionnaires that were asked to be
completed for that particular week. Two participants from
the CD arm and four children from the GGD arm were lost to
follow-up, they were included in the SafetyQ, using their last
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Table 1 Baseline characteristics

Genotype-
Conventional  guided dosing
dosing n = 30 n =30 P value
Age, mean + SD 125+ 3.6 12.0 £ 3.7 0.66
Gender, n (%)
Female 17 (57) 17 (57) 1.00
Race, n (%)
White 27 (90) 20 (67) 0.10
African American 1) 3(10)
Other 2(7) 7 (23)
Ethnicity, n (%)
Hispanic/Latino 6 (20) 7 (25) 0.64
Body composition, mean + SD
Weight (kg) 50.5 + 20 49.8 + 20 0.90
BMI 211+£438 20.5+4.8 0.61
BMI Z score 0.6+ 1.1 0.3+17 0.46
Medical information, n (%)
Prior GER diagnosis 8 (27) 10 (33) 0.78
Asthma 5(17) 6 (20) 0.79
Bronchitis 6 (20) 4 (13) 0.49
Sinusitis 7 (23) 3(10) 0.30
Pneumonia 3(10) 1(3) 0.61
Hay fever 3(10) 3(10) 1.00
Seasonal allergies 5(17) 3 (10) 0.45
Frequency of heartburn symptoms, n (%)
Daily 8(27) 10 (33) 0.80
2-6x per week 15 (50) 11 (37)
1-4x per month 3(10) 5(17)
Never 4 (13) 4 (13)
Medication use, n (%)
OTC antacid® 13 (43) 12 (40) 0.58
H2RA 7 (23) 13 (47) 0.09
PPI 8(27) 4 (13) 0.20
OME, mean + SD 19+4 30+20 0.34
Omeprazole 5 (62) 3 (75) 0.79
Pantoprazole 1(12) 0(0)
Lansoprazole 1(12) 0(0)
Esomeprazole 0(0) 1(25)
Unknown 1(12) 0(0)

BMI, body mass index; GER, gastroesophageal reflux; H2RA, histamine re-
ceptor antagonist; OTC, over-the-counter; OME, omeprazole equivalent
dose in milligrams; PPI, proton pump inhibitor.

2Examples of OTC include: sodium bicarbonate, magnesium hydroxide,
aluminum hydroxide, calcium carbonate, and bismuth subsalicylate.

day of contact, but were excluded from the analyses of the
other questionnaires due to lack of questionnaire response
data. For the Gasp-Q, 40 participant’s responses were an-
alyzed (67%) (CD, n = 22; GGD, n = 18), 41 for the PedsQL
(68%) (CD, n = 22; GGD, n = 19), and 34 for the SN-5 (57 %;
CD,n=18; GGD, n = 16).

Implementation metrics

The details of the implementation metrics are listed in
Table 2. Regardless of the method of genotyping, prescrib-
ers waited for the genotype result before prescribing the
PPI medication for 90% (n = 26/29) of the participants in the
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Table 2 Implementation metrics

CcDh
n =30 GGD n =30 P value
Genotyping procedure, n (%)
Spartan Rx 11 (37) 6 (20) 1.00
Laboratory developed test 19 (63) 24 (80) 0.72
TAT, median (IQR), days 8 (7-13) 10.5 (8-14) 0.27
PPI prescription - n =29% -
Rx written after genotype - 26 (90) -
results returned, n (%)
Number of days after, - 1.5 (1-4) -
median (IQR)
Accepted recommendation, - 27 (93) -
n (%)

CD, conventional dosing; GGD, genotype-guided dosing; IQR, interquartile
range; PPI, proton pump inhibitor; TAT, turnaround time.
#One individual opted not to participate prior to PPl being prescribed.

GGD arm. The remaining three participants received their
PPI prescription prior to genotype results, two of whom re-
ceived the prescription within 1 day of sample collection.
The third participant received the prescription ~2 weeks
after sample collection due to delayed genotype results.
Twenty-three samples were tested on Spartan RX, which
had a success rate of 74% (n = 17), and genotype results re-
turned the same day. The samples not genotyped success-
fully in Spartan RX either had an inconclusive result (n = 2)
or were collected when the Spartan RX was not available
(n =4). The participants enrolled at the sites without a
Spartan RX (n = 37), Lake Mary and Jacksonville, had their
saliva sample genotyped at the Nemours Alfred |. DuPont
Hospital for Children Laboratory. The turnaround time from
sample collection to result for these samples was a median
(interquartile range (IQR)) of 8.0 (7-12) days.

Conventional Dosing

The mean dose of PPI, expressed as omeprazole equiva-
lents, prescribed to participants in both groups, distributed
by phenotype is shown in Figure 2. The mean daily PPI
doses prescribed to participants across phenotype groups
in the GGD arm were significantly different (P < 0.001), al-
though they were not different in the CD arm (P = 0.86).
Further, the mean dose prescribed to participants who were
RMs, IMs, or PMs, were significantly different between the
CD and GGD arms (all P < 0.05), but not for NMs (P = 0.16).
All active enrolled participants in the GGD arm received a
recommendation for a specific PPl dose according to their
phenotype. The majority of participants in the GGD arm
(93% n = 27/29) were prescribed the recommended dose of
PPI, according to their phenotype. The two participants who
were not prescribed the recommended dose had RM and
NM phenotypes, and were prescribed a lower and higher
dose, respectively, which were deemed clinically necessary
by the prescriber.

Clinical outcomes
Figure 3 compares the occurrence of URI, sore throat, and
acute sinusitis in participants in the GGD and CD arms as
reported from the Safety Questionnaire over the 12-week
period. The number of participants who reported an infec-
tion was numerically lower in GGD vs. CD, but the difference
did not achieve statistical significance (20% vs. 44%; haz-
ard ratio = 2.4; 95% confidence interval = 0.9-6.3; P = 0.07)
Table 3 describes the scores reported from the SN-5.
After an average of 35 days on PPI therapy, participants in
the CD arm reported a higher frequency of sinonasal symp-
toms as compared with those in the GGD arm. Specifically,
allergy symptoms were more common in the CD arm (me-
dian (IQR) 3.0 (2.0-4.0) vs. 1.0 (1.0-4.0); P = 0.006). The total
SN-5 score, which is a composite of sinus infection, nasal
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Figure 2 Mean dose of proton pump inhibitor (PPI) prescribed. The mean doses of PPI prescribed were compared across phenotypes
within each arm using Kruskal-Wallis analysis, we observed that the dose was significantly different between the phenotype groups in
the genotype-guided dosing arm (P < 0.001), but not in the conventional dosing arm (P = 0.86). The doses were also compared within
each phenotype between arms using a Wilcoxon Rank Sum test, and we observed that the dose was significantly different between
the two arms in both the intermediate metabolizers/poor metabolizers (IMs/PMs) and rapid metabolizers (RMs), but not in the normal
metabolizers (NMs; P values 0.01, 0.02, and 0.016, respectively). The specific PPl prescribed was up to the discretion of the prescriber,
majority were omeprazole (n = 51), followed by esomeprazole (n = 4), lansoprazole (n = 3), and pantoprazole (n = 1). All are expressed
as omeprazole equivalents for comparison. CYP2C19 *2/*17 genotype was treated as a NM. UM, ultrarapid metabolizer.

Clinical and Translational Science



— Conventional dosing

60
S —— Genotype-guided dosing
2
£ 404
£
E
€ 20-
(]
o
a
Log-Rank P-value: 0.07
0 L) T T T T 1

0 14 28 42 56 70 84
Days on PPI
Number at risk:
----: 27 21 14 13 11 8 6

Figure 3 Kaplan-Meier curve for infections reported in the
Safety Questionnaire. Occurrence of upper respiratory infection,
sore throat, or acute sinusitis over the 12-week period or last
date of follow-up with participant was included (total n = 53).
Participants who did not start a proton pump inhibitor (PPI; n = 5)
or who reported an infection on the same day as they started PPI
therapy (n = 2) were excluded from analysis. The conventional
dosing (CD) arm included 27 participants with 12 events and the
genotype-guided dosing (GGD) arm included 26 participants
with 5 events. The mean infection-free time was 70 days for the
CD arm and undefined for the GGD arm. The unadjusted hazard
ratio was 2.42 with a 95% confidence interval of 0.93-6.29.

obstruction, allergy symptoms, emotional distress, and ac-
tivity limitations, was higher in the CD arm as compared with
the GGD arm: (2.6 (2.0-3.4) vs. 1.8 (1.0-2.3); P = 0.031). A
sensitivity analysis of participants only on omeprazole re-
vealed similar findings (Table S1).

There were no differences in the change of GERD symp-
toms from baseline to follow-up (median of 39 days) for
PedsQL and Gasp-Q between the CD and GGD arms (Tables
S2 and S3); the median (IQR) composite score for PedsQL
was 5.4 (-1.7-13.4) vs. 8.2 (-3.0-21.1) and for Gasp-Q, was
—-26.0 (-35.0-10.0) vs. —24.0 (-32.0--9.0), suggesting effi-
cacy of PPl was similar.

Table 3 Pediatric sinonasal symptom survey (SN-5)
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DISCUSSION

Our study represents the first pragmatic trial of CYP2C19
GGD vs. CD of PPl medication therapy in children. PPI pre-
scribing was at the discretion of the provider and we had
few inclusion and exclusion criteria in an effort to mimic
day-to-day clinical practice. We demonstrated feasibility
of GGD for PPIs in specialized pediatric practices as over
90% of the participants in the GGD arm were prescribed
the recommended PPl dose. Our hypothesis that the imple-
mentation would lead to differential dosing of PPIs proved
to be true, indicating clinical acceptance of medication
dosing recommendations in the GGD arm. We observed
that the PPl dose was similar among participants with dif-
ferent CYP2C19 phenotypes in the CD arm but was signifi-
cantly different among participants with different CYP2C19
phenotypes in the GGD arm (P < 0.001). This was to be
expected as the prescribers were blinded to the CYP2C19
genotype for participants in the CD arm, and, thus, pro-
jected to be treated identically. Additionally, the PPl dose
was different in both IMs/PMs and RMs between the two
arms (P=0.01 and 0.02, respectively), but not in NMs
(P = 0.16), suggesting fidelity of the clinical implementation.
The recommended dose for NMs in the GGD arm was the
same weight-based dosing recommendation as all of the
participants in the CD arm, thus, lack of differences for NMs
doses between arms was expected. Not only did the pre-
scribers accept the recommended dose of PPI, but they,
along with the parents, were willing to wait for the geno-
type results prior to prescribing the PPI. This was surpris-
ing as participants presented with GERD symptoms at the
time of enrollment. The knowledge that parents are willing
to wait for genotype results before starting their child on
medication is valuable information, especially if same-day
genotyping is not available. In our pilot, same-day genotype
results were available for 17 participants, but for those who
had to wait, the turnaround time was at least 1 week, with a
median (IQR) of 8 (7-12) days. Acceptance of GGD of PPIs
and willingness to wait may have been enhanced by the on-
site genotyping. Future studies should consider including
on-site rapid turnaround genotype testing.

Despite the fact that participants were prescribed differ-
ent PPl doses (e.g., lower doses in IMs and PMs), the data
do not suggest differences in overall efficacy between the
GGD and CD arms. The results from both efficacy question-
naires, PedsQL and GASP-Q, indicated the change in symp-
toms from baseline to follow-up were similar between arms.

SN-5 components, median Conventional dosing

Genotype-guided dosing
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(IQR) n=18 n=16 P value (unadjusted) P value®
Sinus infection 2.0 (1.0-3.0) 1.0 (1.0-2.5) 0.201 0.721
Nasal obstruction 2.5 (1.0-4.0) 1.0 (1.0-2.5) 0.170 0.327
Allergy symptoms 3.0 (2.0-4.0) 1.0 (1.0-2.0) 0.007 0.006
Emotional distress 2.5 (1.0-5.0) 1.5 (1.0-3.0) 0.198 0.528
Activity limitations 1.0 (1.0-3.0) 1.0 (1.0-1.0) 0.092 0.244
SN-5 score 2.6 (2.0-3.4) 1.8 (1.0-2.3) 0.012 0.031

IQR, interquartile range.

2Adjusted for baseline score, race, baseline proton pump inhibitor use, baseline histamine receptor antagonist use.
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The outcomes were analyzed after a median of 39 days on
PPI therapy, which coincides with the expected PPI efficacy
time frame of ~4 weeks.*

These pilot data also suggest the potential for improved
safety with GGD of PPls, as there were fewer adverse effects
in the GGD arm compared with the CD arm. We detected
a significant difference in the total score of the SN-5 ques-
tionnaire between arms (Table 2). Parents of participants in
the CD arm reported a higher frequency of sneezing, itchy
nose/eyes, need to rub nose/eyes, or watery eyes, as com-
pared with those in the GGD arm. These symptoms were
grouped together as allergy symptoms, but given that we
observed a higher frequency of URI, sore throat, and acute
sinusitis in the CD arm, reported in the safety questionnaire
(Figure 3), we believe that these allergy symptoms may re-
flect infection, rather than seasonal allergies. Our results
align with others who found an association with URI and
PPI use.®"¢ Specifically, Lima et al.® found the association
between URI and PPl use is exaggerated when genetic vari-
ation in CYP2C19 is present. The finding was statistically
significant for PMs (odds ratio of 2.5 for URI and 2.9 for sore
throat, P value 0.046 and 0.016, respectively) and trending
for NMs (odds ratio of 1.6 for URI and 2.0 for sore throat,
P value of 0.15 and 0.024, respectively). PPIs are typically
considered to be safe medications, although more recently
they have been associated with the occurrence of infec-
tions.*” It has been suggested that the increase in gastric
pH, which alleviates symptoms, also removes the protective
barrier of the stomach and alters the gastric flora. In turn,
this allows for bacteria overgrowth and dysbiosis, which
may be aspirated or ingested, leading to infections.*®*° It is
possible that standard doses of PPIs have higher risk than
is generally recognized, especially in PMs, and this should
be carefully considered when prescribing. Our results in-
dicate it may be possible to reduce the adverse effects of
PPIs by prescribing a dose recommended by CYP2C19
phenotype. Individuals with low or high CYP2C19 enzyme
activity (e.g., PMs or UMs, respectively) who receive a lower
or higher PPI dose would be exposed to a similar plasma
drug concentration as an individual who is an NM who re-
ceived a standard dose. Thus, individualizing the dose of
PPl by genotype ensures that individuals are exposed to
similar plasma drug concentrations. This may result in a
more consistent therapeutic response across patients. Our
pilot data suggest genotype-guided PPI dosing in children
may minimize the occurrence of infections without compro-
mising efficacy.

Our study has several limitations. First, this was a pilot
study with a relatively small sample size and we were
not powered to detect differences in clinical outcomes.
Nevertheless, the doses of PPIs were different among
CYP2C19 phenotypes and we were able to observe a trend
toward improved safety without a loss in efficacy. This study
is important as it is the first pilot and feasibility trial of its kind
in children of CYP2C19 genotype-guided dosing of PPIs.
To note, we focused on children ages 5-17 years, whose
CYP2C19 activity may more closely mimic adult CYP2C19
activity, although Koukouritaki et al.%° suggest that the
majority of CYP2C19 expression occurs by 5 months of
age and, thus, we may be able to extrapolate our data to
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younger populations. Large scale randomized clinical trials
are warranted to fully evaluate the impact of a genotype-
guided approach on clinical outcomes. Additionally, as this
study design was pragmatic, there were no pharmacokinetic
analyses done. We realize this is necessary to confirm sim-
ilar plasma concentrations across phenotype groups with
modified PPI dosing and future studies should address this.
In addition, due to the pragmatic design, any PPl medication
could have been prescribed. The majority was omeprazole,
but others were also used. We are aware that each PPI dif-
fers in the fraction of metabolism due to CYP2C19, however,
due to limited data, all PPIs were treated the same in regard
to recommendations. If sufficient data are produced, these
recommendations may be PPI-specific in future studies.
Next, there was a high number of missing questionnaires
by participants and their parents, either due to participants
being lost to follow-up or questionnaires not being com-
pleted as scheduled. However, this problem was equally
distributed between both study groups. Lesson learned for
future clinical trials is that questionnaire fatigue is an im-
portant consideration and the focus should be on minimally
necessary data collection (e.g., baseline, week 4, and week
12). Another limitation of our study is the possible lack of
reported use of over-the-counter antacid medications. Our
knowledge of concomitant medication use throughout the
study was limited to what was prescribed in the electronic
health record. In the future, medication reconciliation, espe-
cially with nonprescription antacids, should be completed at
the same time questionnaires are completed.

In conclusion, our novel pilot study of CYP2C19 genotype-
guided dosing of PPI medications in children demonstrates
that pharmacogenetic-guided PPI therapy is feasible and
results in differential dosing by phenotype. The dose ad-
justments may reduce adverse infectious outcomes without
compromising efficacy. A future, large scale randomized
clinical trial in children is warranted.
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