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ARTICLE

Projected Utility of Pharmacogenomic Testing Among
Individuals Hospitalized With COVID-19: A Retrospective
Multicenter Study in the United States

James M. Stevenson'*, G. Caleb Alexander>>*, Natasha Palamuttam® and Hemalkumar B. Mehta?®

Many academic institutions are collecting blood samples from patients seeking treatment for coronavirus disease 2019
(COVID-19) to build research biorepositories. It may be feasible to extract pharmacogenomic (PGx) information from bi-
orepositories for clinical use. We sought to characterize the potential value of multigene PGx testing among individuals
hospitalized with COVID-19 in the United States. We performed a cross-sectional analysis of electronic health records from
consecutive individuals hospitalized with GOVID-19 at a large, urban academic health system. We characterized medication
orders, focusing on medications with actionable PGx guidance related to 14 commonly assayed genes (CYP2C19, CYP2(9,
CYP2D6, CYP3A5, DPYD, G6PD, HLA-A, HLA-B, IFNL3, NUDT15, SLCO1B1, TPMT, UGT1A1, and VKORCT). A simulation analysis
combined medication data with population phenotype frequencies to estimate how many treatment modifications would be
enabled if multigene PGx results were available. Sixty-four unique medications with PGx guidance were ordered at least once
in the cohort (n = 1,852, mean age 60.1 years). Nearly nine in 10 individuals (89.7%) had at least one order for a medication
with PGx guidance and 427 patients (23.1%) had orders for 4 or more actionable medications. Using a simulation, we esti-
mated that 17 treatment modifications per 100 patients would be enabled if PGx results were available. The genes CYP2D6
and CYP2C19 were responsible for the majority of treatment modifications, and the medications most often affected were
ondansetron, oxycodone, and clopidogrel. PGx results would be relevant for nearly all individuals hospitalized with GOVID-19
and would provide the opportunity to improve clinical care.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC? medications included those intended to treat COVID-19

Patients hospitalized with coronavirus disease 2019
(COVID-19) are typically older and have comorbidities.
Most people in the general population possess actionable
pharmacogenomic (PGx) variants.

WHAT QUESTION DID THIS STUDY ADDRESS?

How often would a multigene PGx panel provide rel-
evant information for patients treated for COVID-19?
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Nine in 10 patients hospitalized for COVID-19 had
an order for a medication with PGx guidance. These

Pharmacogenomic (PGx) testing can aid healthcare provid-
ersin selecting appropriate treatment and dosing. More than
200 medications have PGx information included in their US
Food and Drug Administration (FDA)-approved drug label-
ing.1 Despite this, PGx is not routinely used in most clinical
practice areas due to barriers related to testing platforms,
provider education, and reimbursement. In clinical settings

symptoms and for chronic conditions. PGx medication
use and actionable results often co-occur, and using a
multigene PGx panel would yield 17 opportunities for
modifying treatment per 100 patients tested.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL SCIENCE?

If institutions used pre-emptive PGx testing or ex-
tracted PGx information from research biorepositories,
these results would be highly relevant during COVID-19
hospitalization.

where PGx is used, a reactive testing module has typically
been deployed, in which a single gene test is ordered after
a patient is prescribed a drug with PGx guidance. However,
there are potential economic and logistical advantages to
a multigene, pre-emptive model in which broader testing
of many genes is performed in anticipation of future clin-
ical utili’[y.2 Multigene assays provide more PGx data than
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single gene tests at similar cost,® and a pre-emptive testing
model allows for PGx information to be applied before the
patient receives a single dose of a potentially harmful or
ineffective medication.

The value of pre-emptive PGx testing is dependent on
the frequency of actionable PGx variants and medication
use patterns in the population of interest. Although some
specific PGx variants are rare, in the context of multigene
testing, 99% of individuals carry an actionable PGx variant.*
Given the ubiquity of actionable PGx variants, the utility of
pre-emptive multigene PGx testing primarily depends on
medication use patterns. Intuitively, pre-emptive PGx infor-
mation will only be useful if medications with actionable PGx
guidance are being used or considered in the patient pop-
ulation. Thus, pre-emptive PGx testing in patients with new
diagnoses likely to require medication treatment (e.g., newly
diagnosed depression) or with multiple comorbidities may
yield more actionable PGx information in the short-term than
testing relatively young, healthy patients.

As of September 2020, there have been > 7.1 million
cases of the novel coronavirus disease 2019 (COVID-19) in
the United States, associated with > 204,000 deaths.® Older
patients and patients with higher comorbidity burden are
more likely to require hospitalization for COVID-19.% We hy-
pothesize that patients hospitalized with COVID-19 require
medications that are affected by PGx for treatment of acute
symptoms and chronic conditions. Although prior investiga-
tions have characterized the use of PGx-guided medications
in primary care,’ perioperative, and cardiovascular disease
cohorts,®'% we are not aware of prior assessments of the po-
tential value of PGx testing among individuals with COVID-19.

The COVID-19 pandemic presents an opportunity for
multigene PGx testing from a logistical standpoint. Many
academic healthcare systems are collecting patient DNA for
COVID-19 research biorepositories. This effort is primarily
intended to fuel research initiatives examining the genetics
of disease susceptibility, severity, and treatment response.
However, institutions could return PGx results from these
assays to the electronic health record (EHR) for clinical use,
as is done with actionable secondary findings in medical ge-
netics,'? and, in some cases, PGx results.'® This process
could be rapid at institutions that have assayed a critical
mass of samples and have existing governance for returning
genomic data in the EHR."

We used data from a large, urban, tertiary health system
in order to determine the potential value of multigene PGx
testing among individuals hospitalized with COVID-19. We
characterized the frequency of medication orders, focusing
on medications with guidelines or FDA recommendations for
tailoring treatment using PGx results. We then used popula-
tion phenotype frequencies in conjunction with medication
use data to simulate how often PGx testing would lead to
clinically actionable treatment recommendations.

METHODS

Data source and study population

We conducted a cross-sectional analysis using data from
JH-CROWN: The COVID-19 Precision Medicine Analytic
Platform registry. The registry collects EHR data on patients
with COVID-19 from five hospitals affiliated with Johns
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Hopkins Health System. Our study population included
patients 18 years or older hospitalized with confirmed
COVID-19 between March 12, 2020, and June 26, 2020.
COVID-19 diagnosis was established using either a positive
polymerase chain reaction test for severe acute respiratory
syndrome-coronavirus 2 or an International Classification
of Disease-10th edition Clinical Modification code of U07.1
or a confirmed COVID-19 infection flag in the EHR. Data
were queried using Clarity (Expanded PrEP Implementation
in Communities (EPIC) structured query language (SQL) re-
porting database). Sociodemographic variables, baseline
clinical characteristics, clinical outcomes (ventilation and
mortality), and medication orders were extracted from the
index hospital admission. Elixhauser comorbidities were
used to describe patient comorbidities. Our local institu-
tional review board determined that this study was exempt
from review.

PGx medications of interest

We defined medications with actionable PGx guid-
ance by combining information from the FDA Table
of Pharmacogenetic Associations'® and the Clinical
Pharmacogenetics Implementation Consortium (CPIC).16
Figure 1 is the flow diagram for selection of medications
with actionable recommendations. We considered a drug/
gene pair “actionable” if the FDA designated the data
“support therapeutic management recommendations” or
“indicate a potential impact on safety or response.” We
also considered medications to have actionable PGx guid-
ance if they were CPIC level A (genetic information should
be used to change prescribing of affected drug) or level B
(genetic information could be used to change prescribing
of the affected drug because alternative therapies/dosing
are extremely likely to be as effective and as safe as non-
genetically based dosing)."®'” We further restricted our
sample to those with actionable recommendations for 14
genes commonly assayed on commercially available mul-
tigene PGx assays (CYP2C19, CYP2C9, CYP2D6, CYP3AS5,
DPYD, G6PD, HLA-A, HLA-B, IFNL3, NUDT15, SLCO1B1,
TPMT, UGT1A1, and VKORC1)."® For each drug-gene pair,
we identified the genetically defined phenotypes that had
recommendations for dose modification or alternative
therapy according to the FDA Table of Pharmacogenetic
Associations™ or CPIC Guidelines.”®3* The CPIC guide-
line supplements and the Pharmacogenomics Knowledge
Base (PharmGKB)*° were the primary sources of phe-
notype frequencies. Phenotype frequencies for “Latino”
populations were used for Hispanic Americans in our cal-
culations. When CPIC guidelines and appendices did not
provide population phenotype frequencies by ethnicity,
we calculated estimates using the Hardy-Weinberg equa-
tion and published allele frequencies®®® or identified
external literature with allele/phenotype frequencies by
ethnicity.>~*® Warfarin dosage requirement is highly de-
pendent on the combination of CYP2C9 and VKORC1, so
we defined the actionable phenotype based on the com-
bination of CYP2C9 and VKORCT1 diplotype, consistent
with the FDA-approved drug labeling.*! “Sensitive and
highly sensitive” responders had any of the following com-
binations of diplotypes: VKORC1 -1639 A/A regardless
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Medications at CPIC Level A or B or FDA Table
of Pharmacogenetic Associations “data supports
therapeutic management recommendations” or
data indicates a potential impact on safety or
response” (n=149)

Treatment recommendations are
based on other genes (n=25)

A 4

Recommendations in reference to genes of
interest (CYP2C19, CYP2C9, CYP2D6, CYP3AS5,
DPYD, G6PD, HLA-A, HLA-B, IFNL3, NUDT15,
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SLCO1B1, TPMT, UGT1A1, VKORC1) (n=124)

No treatment recommendations or

v

actionable phenotype (n=2)

phenotypes (n=122)

Guidelines (CPIC or DPWG) or FDA guidance on
treatment recommendations for actionable

Medication never used during
hospitalization in study cohort

A 4

(n=58)

analyses (n=64)

Ordered medications included in simulation

Figure 1 Flow Diagram for Selection of Medications with Actionable Recommendations. CPIC, Clinical Pharmacogenetics
Implementation Consortium; DPWG, Dutch Pharmacogenetics Working Group; FDA, US Food and Drug Administration.

of CYP2C9 diplotype; VKORC1 -1639 G/A with CYP2C9
*1/*2, *1/*3, *2/*2, *2/*3, or *3/*3; or VKORC1 -1639 G/G
with CYP2C9 *1/*3, *2/*2, *2/*3, or *3/*3. One drug (risper-
idone) was considered actionable by CPIC criteria but
did not have treatment recommendations from the CPIC
or the FDA. For this drug-gene pair, we used the Dutch
Pharmacogenetics Working Group (DPWG) guidelines
(May 2020 update) to define the actionable phenotype.*?

Statistical analysis

We used descriptive statistics to describe patient character-
istics and medication order frequencies. Using patient-level
data, we quantified the proportion of patients who had or-
ders of 0, 1, 2, 3, or 4 or more medications with actionable
PGx guidance. We then performed a simulation analysis to
estimate how often orders for each actionable medication
would occur in patients with the actionable phenotype.
Population phenotype frequency data was extracted from
CPIC guideline appendices to estimate the percentage
of patients with the actionable phenotype for each drug/
gene pair (e.g., CYP2C19 poor or intermediate metabolizer
for clopidogrel).24 Because phenotype frequencies vary

based on ancestry, we estimated phenotype frequencies
for our total study population according to the proportion
of individuals self-identified as white non-Hispanic, black
non-Hispanic, or Hispanic. We then calculated the per-
centage of patients projected to have an actionable PGx
intervention for each medication by multiplying the per-
centage of patients treated with the medication by the
percentage of patients estimated to have the actionable
phenotype. After completing this process for each drug/
gene pair, we summed the interventions for each drug-gene
pair to estimate the total number of PGx interventions that
would be enabled by multigene testing for our study popu-
lation, and also reported this number per 100 patients. Our
results are presented with and without hydroxychloroquine
orders, given that this medication was commonly used
during the study period but was no longer recommended
for routine use at the time of manuscript submission.*?

RESULTS

A total of 1,852 patients met inclusion criteria. The mean
age was 60.1 years (SD 18.8), mean body mass index was
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29.7 kg/m2 (SD 10.0), and 53.3% were men. Patients pri-
marily identified as Black non-Hispanic (n = 653, 35.3%),
white non-Hispanic (n = 541, 29.2%), or Hispanic (n = 530,
28.6%), with other race groups reported for 128 patients
(6.9%). The most common comorbidities were hypertension
(55.0%), diabetes (31.7%), anemia (21.2%), and neurological
disorders (21.0%). The mean length of stay was 8.6 days
(SD 9.8), 19.7% required mechanical ventilation during
the index hospitalization, and 14.4% died during the index
hospitalization.

Of 122 medications with actionable PGx guidance, 64
were ordered at least once in our patient cohort and 58
were not ordered for any patients. The PGx medications or-
dered in the highest percentage of patients are described in
Figure 2. The vast majority of patients had at least one order
for a medication with actionable PGx guidance (n = 1,662,
89.7%), and 427 patients (23.1%) had orders for 4 or more
actionable medications (Figure 3). Excluding hydroxy-
chloroquine, 87.9% of patients had at least one order for
a medication with PGx guidance. Medications affected by
CYP2D6 were most common, followed by CYP2C19 rep-
resenting 48.6 and 25.4% of actionable PGx medication
orders, respectively.

In our simulation analysis, we estimated that a total of 315
opportunities for genotype-guided treatment modifications
would be enabled by PGx testing in our 1,852 patient cohort
(17 per 100 patients). The medications most often associated
with these opportunities were ondansetron, oxycodone, and
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clopidogrel. On the gene level, CYP2D6 and CYP2C19 were
most often driving opportunities for treatment modification.
Table 1 presents the medication order frequencies and sim-
ulation analysis for medications affected by CYP2D6 and
CYP2C19, and Table 2 presents the simulation analysis for
medications affected by other genes.

DISCUSSION

At an urban, tertiary care academic medical system in the
United States, we found that medications affected by PGx
are ordered in most individuals hospitalized with COVID-19.
Multigene PGx results would present opportunities for treat-
ment optimization, primarily for medications metabolized
by CYP2D6 and CYP2C19. These findings compliment as-
sessments of the value of multigene PGx in other medically
complex patients, such as those undergoing percutaneous
coronary intervention (PCI). CYP2C19 genotype is used to
guide antiplatelet medication selection after PCI at some
institutions.** Analyses have examined the potential of the
CYP2C19 result to be used for other treatment decisions
and whether a multigene panel would provide more useful
PGx information.®®4® One study found that 71.6% of pa-
tients received a medication with PGx guidance other than
the antiplatelet medication in the year following PCI.°® A
separate simulation estimated that a multigene PGx panel
would enable 17.5 interventions per 100 patients tested in
the year following PCI.% Despite the differences in patient
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—

Figure 2 Most commonly ordered actionable pharmacogenomic medications in patients hospitalized with coronavirus disease 2019

(COVID-19).
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Number of actionable PGx medications ordered
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Figure 3 Number of actionable PGx medications ordered per patient. Blue bars show the distribution when considering all included
medications, grey bars display the distribution when ignoring orders for HCQ. HCQ, hydrochloroquine; PGx, pharmacogenomics.

population and follow-up time, these findings are similar
to ours. We found a higher percentage of patients (89.7%)
were prescribed an actionable medication, and testing 100
patients would enable 17 treatment modifications during
the index hospitalization. To a degree, it is unsurprising that
multigene PGx testing could be useful in complex patients
requiring multiple medications, given that almost all individ-
uals carry an actionable PGx variant in commonly tested
pharmacogenes.*

Anti-emetic and analgesic medications were commonly
prescribed in our study, and would present numerous op-
portunities for treatment optimization if PGx results were
available according to our simulation. Ondansetron was the
most commonly ordered medication with PGx guidance,
and prior work has demonstrated that CYP2D6 ultra-rapid
metabolizers treated with ondansetron have significantly
higher incidence of vomiting than patients with other phe-
notypes.“®4” This represents an opportunity for treatment
optimization in the ~ 4% of the population that are CYP2D6
ultra-rapid metabolizers, given that alternative anti-emetics
are widely available—including granisetron, a 5-HT, an-
tagonist unaffected by CYP2D6 phenotype. Additionally, a
large proportion of our study population was treated with
opioid analgesics and nonsteroidal anti-inflammatory drugs.
CYP2D6 bioactivates prodrug opioids, such as codeine, tra-
madol, hydrocodone, and oxycodone. CPIC has published a
guideline for modifying opioid treatment based upon CYP2D6
phenotype,® and evidence demonstrating the clinical benefit
of genotype-guided opioid analgesia is emerging.48 CYP2C9
genotype or phenotype is a predictor of gastrointestinal
bleeding during treatment with nonsteroidal anti-inflamma-
tory drugs.*®° Lower starting doses or alternative agents
unaffected by CYP2C9 phenotype (e.g., naproxen) can be
pursued in patients at higher risk of bleed due to CYP2C9.26

Our findings may underestimate the long-term utility of
multigene PGx testing among individuals with COVID-
19, because our analysis focused exclusively on inpatient

orders during the index hospitalization. PGx results have
lifelong utility, so new actionable medications—both for
consequences of COVID-19 and unrelated illnesses—are
likely to be prescribed months or years after the COVID-19
hospitalization. This “downstream” utility highlights the need
for PGx results to be integrated into the EHR with clinical
decision support, and ideally to be portable for use at other
healthcare systems.** On the other hand, the presented sim-
ulation may overestimate the utility of multigene PGx during
the index hospitalization. Many orders were treatments for
chronic conditions, and if patients were previously titrated to
an appropriate dose and/or tolerating the medication prior
to index hospitalization, it is unlikely that clinicians would act
on the PGx results.

We recognize several limitations to our study. Our simula-
tion is based upon expected phenotype frequencies instead
of directly assaying patient biospecimens. However, these
phenotype frequencies are well-described in literature, and
we adjusted expected phenotype frequencies based on the
racial demographics of our cohort. Expected population phe-
notype frequencies are dependent on population ancestry.?*
The demographics of our population differ from many insti-
tutions in the United States and abroad. Thus, a simulation
analysis using the same medication data would yield differ-
ent results in cohorts with different racial characteristics.

We did not measure, nor attempt to estimate, the fre-
quency of suboptimal medication outcomes, such as lack
of efficacy or adverse drug reactions, for the medications
of interest. Such an approach was not feasible given the
dozens of medications of interest and short study period
that was limited to the index hospitalization. In addition,
medication use patterns will change as patient demograph-
ics (e.g., age) and treatment strategies shift over time. For
example, hydroxychloroquine was used in 25% of the pa-
tients in our cohort, but this treatment is now recommended
against the treatment of COVID-19 outside the context of
a clinical trial.** Regardless, our conclusion that multigene
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Table 2 (Continued)

Actionable phenotype frequency®

Unique
patients
w/ order

Projected # of PGx

interventions®

Study population®

Supporting evidence Black White Hispanic

Consequence

Actionable phenotype

Medication

Others

10

23.12%

34.07% 29.61%

8.80%

45

Adverse reaction CPIC

SLCO1B1 intermediate

Simvastatin

or low function
CYP3A5 EM or IM

i

40.72%

14.27% 31.57%

70.06%

CPIC

Decreased

Tacrolimus

efficacy

11.28%

9.34% 18.15%

7.32%

Adverse reaction CPIC

TPMT IM or PM or

Azathioprine

NUDT15 IM or PM

29.57%
29.57%

30.66%

19.92%
19.92%

36.67%
36.67%

1
1

Adverse reaction CPIC

UGT1A1 PM

Atazanavir

30.66%

Adverse reaction FDA

UGT1A1 PM

Irinotecan

23

Total (n = 1,852)

Per 100 patients

AS, activity score; CPIC, Clinical Pharmacogenetics Implementation Consortium; EM, extensive metabolizer; FDA, US Food and Drug Administration; IM, intermediate metabolizer; NM, normal metabolizer;

PGx, pharmacogenomics; PM, poor metabolizer; RM, rapid metabolizer; UM, ultra-rapid metabolizer.

#Actionable phenotype population frequencies by ancestry extracted from CPIC guideline appendices; G6PD phenotype frequencies extracted from PMID 31860324; warfarin sensitive phenotype based on

CYP2C9 and VKORCH1, phenotype frequencies extracted from PMID 28689179 and PMID 21185752.

bStudy population frequency based is based on proportion of Black, White, and Hispanic values of self-reported race (excluding unknown and other races): 38% Black, 31% White, and 31% Hispanic.

°Projected PGx interventions

Unique patients with order * Study population actionable phenotype frequency.
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PGx testing would often present opportunities for treatment
optimization in patients with COVID-19 is independent of
hydroxychloroquine use.

However, our study also has several strengths. Our urban,
tertiary care health system allowed for analysis of a large
and diverse population of patients. The shared EHR infra-
structure allowed for the timely creation of a patient registry
with detailed medication data. We presented our data both
with and without including hydroxychloroquine orders—a
major way that routine treatment has changed between
the study period and current practice. The level of detail
provided in our tables allows readers to consider how our
estimated clinical implications would change if a more lim-
ited PGx panel was used or if this analysis was applied to a
population with different racial characteristics or with certain
medications off-formulary.

In conclusion, individuals hospitalized with COVID-19 are
treated with multiple medications for acute iliness as well as
common chronic comorbidities. Many of these medications
have actionable PGx guidance, and nearly 9 in 10 patients
have at least one such drug ordered. We estimated that
multigene PGx testing would present 17 opportunities for
genotype-guided treatment modification per 100 patients
tested. Future studies are needed to determine how often
these treatment modifications would be pursued by pre-
scribers and the subsequent impact on clinical outcomes.
Nonetheless, our findings suggest that multi-gene PGx test-
ing would present opportunities for treatment optimization
during hospitalization, and intuitively for future outpatient
care as well.
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