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ABSTRACT

Purpose: The outbreak of coronavirus disease 2019
(COVID-19) required clinicians to use knowledge of
therapeutic mechanisms of established drugs to piece
together treatment regimens. The purpose of this study
is to examine the trends in medication use among
patients with COVID-19 across the United States using
a national dataset.

Methods: We conducted a cross-sectional study
of the COVID-19 cohort in the Cerner Real-World
Data warehouse, which includes deidentified patient
information for encounters associated with COVID-19
from December 1, 2019, through June 30, 2020. The
primary variables of interest were medications given to
patients during their inpatient COVID-19 treatment.
We also identified demographic characteristics, calcu-
lated the proportion of patients with each medication,
and stratified data by demographic variables.

Findings: Our sample included 51,169 inpatients
from every region of the United States. Males and
females were equally represented, and most patients
were white and non-Hispanic. The largest proportion
of patients were older than 45 years. Corticosteroids
were used the most among all patients (56.5%),
followed by hydroxychloroquine (17.4%), tocilizumab
(3.1%), and lopinavir/ritonavir (1.1%). We found
substantial variation in medication use by region, race,
ethnicity, sex, age, and insurance status.

Implications: Variations in medication use are likely
attributable to multiple factors, including the timing
of the pandemic by region in the United States and
processes by which medications are introduced and
disseminated. This study is the first of its kind to assess
trends in medication use in a national dataset and is
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the first large, descriptive study of pharmacotherapy
in hospitalized patients with COVID-19. It provides
an important glimpse into prescribing patterns during
a pandemic. (Clin Ther. 2021;43:e173-€196.) © 2021
Elsevier Inc.

Keywords: COVID-19, drug prescriptions, pharma-
cotherapy, practice patterns, SARS-CoV-2.

INTRODUCTION

The first major outbreak of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), the cause of
coronavirus disease 2019 (COVID-19), was reported
in Wuhan, China, in December 2019. As the pandemic
was intensifying across the globe, clinicians were
caring for patients without proven effective treatments.
Because the virus was new, no randomized controlled
trials had examined potential treatment options.'™
Thus, clinicians were required to use established
knowledge of therapeutic mechanisms (Table I) of ex-
isting drugs to piece together treatment regimens.* Two
main strategies emerged as investigators and clinicians
shared knowledge on the clinical presentation of the
disease: inhibition of viral replication and treatment of
the host immune response.’*

Inhibition of viral replication in the early stage of in-
fection may prevent disease progression and minimize
the cytotoxic immune response (ie, cytokine storm).
Medications such as remdesivir (Gilead, Foster City,
California) and lopinavir/ritonavir (AbbVie Inc, North
Chicago, Illinois) were tapped for off-label use early in
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Table I. Therapeutic mechanisms of medications hypothesized to treat COVID-19 in the early phase of the pandemic.

Medication Class

Aminoquinoline

Aminoquinoline

Medication Name

Chloroquine

Hydroxychloroquine

Primary Use

To counter the inflammatory
response associated with
intracellular microbes or
autoimmune disease

Similar use as chloroquine
with less toxicity

Mechanism of Action

Direct antiviral activity:
the analogs increase
intracellular pH to disrupt
endosomal trafficking (ie,
endosome-mediated cell
entry), promote
dysfunction of cellular
enzymes, and impair
protein synthesis.
Immune modification:
modulates the immune
response by reducing
cytokine production,
including IL-6, and
inhibits TLR signaling.
Similar mechanism of
action to chloroquine but
active metabolite
concentration may differ.

Hypothesized Benefit With COVID-19 Sources
and Indications of Use for Benefit

Disruption of intracellular 46

operations, particularly in lysosome
and endosomes, can prevent
propagation of the virus and reduce
the inflammatory response.
Hypothesized to disrupt ACE;
receptor glycosylation to prevent viral
binding to epithelial cells.

The FDA recommends against use of
chloroquine for COVID-19 outside a
clinical trial.

Similar benefit as chloroquine with 46

less toxicity; may have more value in
combination with azithromycin.

No evidence of clinical benefit in
hospitalized patients, but
retrospective studies have found
potential benefit that hints that there
may be specific populations that this
drug may help.

The FDA has revoked its Emergency
Use Authorization for
hydroxychloroquine for hospitalized
patients, and because of the risk of
arrhythmias, the FDA recommends
against hydroxychloroquine use for
COVID-19 outside a clinical trial.

(continued on next page)
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Table I. (continued)

Medication Class

Protease inhibitor

Medication Name

Lopinavir/ritonavir

Primary Use

Reduces viral load in HIV

Mechanism of Action

Protease inhibitor that
cleaves polyproteins,
resulting in formation of
immature, noninfectious
viral particles.

Ritonavir is a CYP3A4
inhibitor that increases
serum concentration of
lopinavir, increasing its
antiviral activity.

Hypothesized Benefit With COVID-19 Sources
and Indications of Use for Benefit

Had promise against SARS-CoV-2 12,19

and MERS, although recommended
for use earlier in the infection to
reduce viral load and prevent viral
replication; suggested in combination
with ribavirin and interferon beta.
Lopinavir potentially inhibits
chymotripsin-like protease in
SARS-CoV-2, resulting in decrease
viral load.

Early triple therapy with
lopinavir/ritonavir, interferon beta,
and ribavirin was associated with
significantly shorter time to
alleviation of symptom and shorter
hospitals stays.

However, no beneficial effects in
28-day mortality, risk of progression
to mechanical ventilatory support, or
length of hospital stay were noted
according to the RECOVERY trial.
The NIH recommends against use of
lopinavir/ritonavir for treatment of
COVID-19 except in a clinical trial.

(continued on next page)
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Table I. (continued)

Medication Class  Medication Name

Nucleoside analog Remdesivir

Primary Use

Antiviral activity against RNA
viruses; originally developed
against Ebola virus

Mechanism of Action

Inhibits the viral
RNA-dependent RNA
polymerase and forces
early termination of RNA
transcription

Hypothesized Benefit With COVID-19 Sources
and Indications of Use for Benefit

Success in animal models against 56, 19,

SARS-CoV-1 and MERS. 4749
Significantly reduces time to clinical
recovery, with benefit most apparent
in baseline low-flow oxygen-requiring
patients, moderate benefit in patients
with moderate severity, and minimal
or no benefit in patients with severe
conditions and data not supportive
of 10-day symptom cut-off.

The FDA updated Emergency Use
Authorization to include remdesivir
as a treatment option for all
hospitalized patients.

The NIH recommends use in
hospitalized patients with COVID-19
who require supplemental oxygen but
who are not receiving high-flow
oxygen, noninvasive ventilatory
support, mechanical ventilatory
support, or ECMO.

The NIH COVID-19 treatment
guidelines recommend use of
remdesivir and dexamethasone in
patients who require high-flow
oxygen, noninvasive ventilatory
support, mechanical ventilatory
support, or ECMO.

(continued on next page)
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Table I. (continued)

Medication Class

IL-6 antagonist

Glucocorticoid

Medication Name

Tocilizumab

Hydrocortisone

Primary Use

Inhibitor of IL-6 for
treatment of arthritic
diseases

Inhibition of adhesion of
neutrophils to endothelial
cells via binding to
corticosteroid receptor
results in increased encoding
of anti-inflammatory
proteins and decreased
expression of inflammation
genes

Mechanism of Action

Competitively inhibits I1L-6
signaling by binding to
IL-6 receptor

Anti-inflammatory and
immunomodulatory
effects

Hypothesized Benefit With COVID-19 Sources
and Indications of Use for Benefit

A single-center study in China found 13,15, 19

that repeated administration of
tocilizumab decreased acute-phase
reactants and either treated or
prevented the cytokine storm.
Although blockage of cytokine
receptors reduces inflammation, it
also contributes to an increased risk
of secondary bacterial and fungal
infections.

The NIH COVID-19 treatment
guidelines recommend against use of
tocilizumab except in a clinical trial.
Open-label REMAP-CAP study 1617
randomized patients to receive
hydrocortisone 50-100 mg every 6
hours for 7 days if shock was clinically
evident and analysis suggested
hydrocortisone was probably superior
to no hydrocortisone concerning
organ support-free days at 21 days
but study was stopped early.

(continued on next page)
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Table I. (continued)

Medication Class  Medication Name Primary Use Mechanism of Action Hypothesized Benefit With COVID-19 Sources
and Indications of Use for Benefit
Glucocorticoid Dexamethasone Same mechanism of action  Anti-inflammatory effects Low-dose dexamethasone (6 mg/d 16,17
as hydrocortisone are more potent than for 10 days) was found in the
antiviral effects RECOVERY trial to significantly

reduce mortality in patients with
COVID-19 requiring respiratory
support.

The NIH COVID-19 treatment
guidelines recommend use of 6 mg/d
dexamethasone up to 10 days or until
hospital discharge in patients with
COVID-19 who are receiving
mechanical ventilatory support or
those who require supplemental
oxygen.

The NIH COVID-19 treatment
guidelines recommend against use of
dexamethasone in patients who do
not require supplemental oxygen.

Glucocorticoid Prednisone Same mechanism of action The IDSA suggests 40 mg/d 18
as hydrocortisone prednisone if dexamethasone is not
available.
Glucocorticoid Methylprednisolone ~ Same mechanism of action The IDSA suggests 32 mg 18
as hydrocortisone methylprednisolone if

dexamethasone is not available.

ACE = angiotensin-converting enzyme; COVID-19 = coronarvirus disease 2019; ECMO = extracorporeal membrane oxygenation; FDA = US Food and Drug
Administration; IDSA = Infectious Diseases Society of America; IL-6 = interleukin 6; MERS = Middle East Respiratory Syndrome; NIH = National Institutes of Health;
RECOVERY = Randomised Evaluation of COVID-19 Therapy; REMAP-CAP = Randomised, Embedded, Multi-factorial, Adaptive Platform Trial for Community-
Acquired Pneumonia; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; TLR = Toll-like receptor.

*We describe the primary mechanisms of action relevant to COVID-19. Many drugs have multiple mechanisms of action. However, it is beyond the scope of this article
to include them all.
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the outbreak.'»?”>""1> Both medications interfere with
viral transcription, thus stalling replication.

The secondary surge of inflammatory cytokines in
SARS-CoV-2 infection is associated with extensive lung
injury and multiple organ dysfunction.® Medications
such as tocilizumab (Genetech USA Inc, San Francisco,
California), designed to block T-cell activation or
prevent cytokine release, have proven efficacy in other
forms of cytokine-mediated disease.'”!> Tocilizumab
is a recombinant humanized monoclonal antibody to
interleukin 6, approved to treat refractory rheumatoid
arthritis.">~15 Corticosteroids and glucocorticoids also
prevent or reduce inflammation by inhibiting adhesion
of neutrophils to endothelial cells.'®!” By binding cor-
ticosteroid receptors, they increase the production of
anti-inflammatory proteins and decrease the expression
of proinflammatory genes. Hydrocortisone and dexam-
ethasone are glucocorticoids that are structurally and
pharmacologically similar to endogenous cortisol and
similarly suppress the immune response.’>'®

Investigators and medical experts have released
studies and guidelines for the treatment of COVID-
19.18-20 However, the extent of medication use across
the United States to treat COVID-19 is widely
unknown. It is likely that regional and institutional
preferences have played a large role in treatment
plans with little consensus on what works best. The
purpose of this study was to examine the trends
in medication use among patients with COVID-19
across the United States using a national dataset.
We hypothesize that medication use will vary across
demographic characteristics of the sample. Some of
the variation may mimic the epidemiology of disease
severity and the pattern of distribution in the United
States over time. Given the challenge of treating a new
pathogen, it is important to look back at the trends
in use to characterize how clinicians responded to the
crisis for future outbreaks of new diseases.

PARTICIPANTS AND METHODS
Study Design

We conducted a cross-sectional study of the COVID-
19 cohort in the Cerner Real-World Data warehouse,
similar to Cerner’s retired Health Facts platform.”’
The warehouse includes clinical data extracted from
the electronic medical records (EMRs) of 62 health
systems in the United States with which Cerner
has a data use agreement. The dataset includes
deidentified patient-level information for encounters
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associated with COVID-19 from December 1, 2019,
through June 30, 2020 (Figure 1). Cerner deidentified
the records using a complex algorithm and used
Health Insurance Portability and Accountability Act—
compliant operating policies to ensure patient privacy.
We used only deidentified information in the secure
HealtheDatalLab to conduct our study, and it was
exempt from institutional review board oversight.””

Participants

We included all pediatric and adult patients in
the Cerner COVID-19 dataset who met our inclusion
criteria. We included patients in our sample if they
(1) had an inpatient encounter type and (2) were
prescribed at least 1 medication. We excluded patients
who were seen only in the emergency department
or as an outpatient. We also excluded patients who
did not receive any medication during their inpatient
stay. Cerner included records according to unique
encounters rather than persons. To sample at the
individual patient level, we combined all inpatient
encounter data using the unique person identifier
variable. Therefore, the unit of analysis for the study
is the individual patient.

Variables

The primary variables of interest were medications
given to patients during their inpatient COVID-19
treatment, including chloroquine, hydroxychloroquine,
remdesivir, lopinavir/ritonavir, tocilizumab, hydro-
cortisone, dexamethasone, methylprednisolone, pred-
nisolone, and prednisone. We selected these medica-
tions for investigation a priori according to previously
cited evidence and hypotheses. In this dataset, we found
that medications were associated with a generic name
and/or a brand name(s), and some names included
a dosage. Thus, we truncated the medication name
to remove dosage and queried the dataset according
to the Cerner Multum list of medication names.”’
We included all routes of administration, although
these medications are overwhelmingly administered
intravenously or orally.

We collected medication use data as a dichotomous
variable, with 1 indicating the patient ever received
the medication during his or her inpatient encounter(s)
for COVID-19. Importantly, Cerner populated the
medications in the dataset from reconciliation events,
ordering events, and/or administering events. We
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Cerner Real-World Data™ COVID-19 cohort

1. Patient has a minimum of one ER or inpatient encounter *
with a diagnosis code that could be associated to COVID

exposure or infection; OR

2. Patient has a minimum of one ER or inpatient encounter
with a positive result for a COVID laboratory test

' 117,496 qualifying
| patients as of June 30,
i 2020

*The full list of eligible encounter types include emergency, inpatient, admitted for observation,

inpatient hospice care, and urgent care encounter.

Figure 1. Inclusion criteria for the Cerner Real-World Data coronavirus disease 2019 (COVID-19) cohort.

ED = emergency department.

only counted the medication once per unique person
identifier.

We also collected demographic variables, including
age, sex, race, ethnicity, payer status, and region of
the United States. We included sex as a categorical
variable with male, female, and other. We included
race and ethnicity as categorical variables as well, with
race categorized as white, black, Asian/Pacific Islander,
Alaskan Native/American Indian, other, unknown, and
mixed and ethnicity as non-Hispanic, Hispanic, and
unknown. The COVID-19 cohort included age as a
continuous variable except for individuals younger
than 18 years (listed at 17 years of age for everyone)
and those older than 90 years (listed as 90 years
of age for everyone). We chose to categorize the
remaining ages by approximately 10-year increments
(ie, 18-25, 26-35, and so on). We included payer
status to reflect the most common categories found in
the COVID-19 dataset, including Medicare, Medicaid,
private (health maintenance organization or preferred
provider organization), self-pay (point of service),
other government (Veterans Affairs or Tricare), other
nongovernment, charity, foreign national, workers
compensation, and no insurance. Lastly, we included
the region of the United States for each patient
according to the first digit in his or her zip code
(Figure 2).24

Statistical Analysis

We performed all statistical analyses with Python
in a Jupyter Notebook.”>*® We used the Matplotlib,
version 3.3.1 library to visualize our results and
pandas, version 1.1.3 for data manipulation and
analysis.”’>*® We calculated the proportion of patients
with each medication and stratified by demographic
variables. We qualitatively compared the distribution
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of each medication to the overall distribution of the
sample.

RESULTS
Participants

The Cerner COVID-19 cohort included 117,496
unique persons who had a diagnosis code that could
be associated with COVID-19 exposure or infection or
a positive COVID-19 laboratory test result (Figure 3).
After exclusions, our final sample size was 51,169.

There was approximately the same proportion of
male and female patients (Table II) in the dataset, and
most were white (55.8%) and non-Hispanic (64.9%).
In addition, the largest proportion of patients were
older than 45 vyears. This is consistent with the
age groups most at risk for severe disease described
early in the pandemic.””~*! More than one quarter
of patients received Medicare benefits, whereas the
other most prevalent payer status was private (25.0%)
and noninsured (22.1%). Lastly, the regions with the
highest contribution to the dataset included region 0
(16.3%), region 2 (14.4%), region 3 (15.9%), and
region 9 (16.6%).

Medication Use
Overall Trends

We present the distributions of each medication
used in the sample in Tables IT and III. Supplemental
Figures 1 through 6 display the proportion of
medication use within demographic subgroups. As
a class, corticosteroids were used the most among
all patients (56.5%), followed by hydroxychloroquine
(17.4%), tocilizumab (3.1%), and lopinavir/ritonavir
(1.1%). The type of corticosteroid prescribed was
similar across dexamethasone (28.3%), methylpred-
nisolone (31.2%), and prednisone (24.7%), whereas

Volume 43 Number 6



Figure 2. Regions of the United States given the
first numeral in the postal zip code used
to examine regional variation in Cerner
Real-World Data coronavirus disease
dataset. Region 1 is New York, Penn-
sylvania, and Delaware; region 2, Mary-
land, West Virginia, Virginia, North
Carolina, and South Carolina; region 3,
Tennessee, Alabama, Mississippi, Geor-
gia, and Florida; region 4, Michigan,
Ohio, Indiana, and Kentucky; region
5, Montana, South Dakota, North
Dakota, Minnesota, lowa, and Wis-
consin; region 6, Nebraska, Kansas,
Missouri, and lllinois; region 7, Texas,
Oklahoma, Arkansas, and Louisiana; re-
gion 8, Idaho, Wyoming, Colorado, New
Mexico, Arizona, Utah, and Nevada;
and region 9, Washington, Oregon,
California, Alaska, and Hawaii.

prednisolone and hydrocortisone were used much less
frequently (3.3% and 12.2%, respectively).

We did not find remdesivir or choloroquine within
this dataset. Chloroquine may not have been readily
available because hydroxychloroquine is a newer
adaptation of the drug and more commonly available
in the United States. In addition, the Cerner team
noted in communication to users (unpublished data)
that remdesivir was not included because it was rarely
recorded in the standard medication section of the
EMR. The medication was experimental and required
a compassionate use designation early in the pandemic.
Thus, hospitals recorded it in the clinical research (or
similar) section of the EMR instead.
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Hydroxychloroquine

The distribution of hydroxychloroquine across de-
mographic groups differed from the distribution of the
sample in several notable ways (Table II). First, 53.8%
of patients who took hydroxychloroquine were male,
although males made up only 48.6% of the sample.
In addition, white patients accounted for 45% of
hydroxychloroquine users, although they represented
55.8% of the sample. In addition, differences across age
groups were found when compared with the sample
distribution, and only 13.2% of hydroxychloroquine
use was among patients without insurance, although
the group accounted for 22.1% of the sample. We also
found a higher proportion of hydroxychloroquine use
among patients in region 0 when compared with the
sample distribution (25.4% and 16.3%, respectively).

A larger proportion of males took hydroxychloro-
quine than females (Supplemental Figure 1), and a
larger proportion of non-Hispanic patients (17.2%)
took hydroxychloroquine compared with Hispanic
patients (14.5%) (Supplemental Figure 3). Patients
between the ages of 46 and 75 years used more
hydroxychloroquine than other groups, with very little
use in patients younger than 35 years (1.2%-10.8%)
(Supplemental Figure 4). Patients with private health
insurance and Medicare also used more hydroxy-
chloroquine, whereas patients without insurance had
the lowest hydroxychloroquine use across payer groups
(Supplemental Figure 5). Lastly, patients in regions 1
and 0 used more hydroxychloroquine than those in
any other region in the United States (Supplemental
Figure 6).

Corticosteroids

The distribution of corticosteroid use across de-
mographic groups was generally consistent with the
overall distribution (Table III). Medicare patients ac-
counted for 33.2% and 32.0% of methylprednisolone
and prednisone use, respectively, although they rep-
resented 28.4% of the sample. White patients also
accounted for a higher proportion of dexamethasone,
methylprednisolone, prednisone, and hydrocortisone
use than the sample distribution. Alternatively, black
patients accounted for less than the distribution for
each corticosteroid except for prednisolone. Lastly,
patients younger than 18 years accounted for 45.7% of
prednisolone use, although they represented only 9.1%
of the sample.
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Cerner Real-World Data™ COVID-19 cohort

Npersons = 117,496
Patients with emergency, admitted for
observation, inpatient hospice care, or
urgent care encounters with no inpatient
encounter
N =58,715
Inpatient
Npersons = 58'781

Patients with no medication data

Given at least 1 medication
N =51,169

persons

N=7,612

Figure 3. Sampling strategy for inclusion in study of medication use among inpatients with coronavirus disease

2019 (COVID-19).

There were also group differences in corticosteroid
use. We found that a higher proportion of males took
corticosteroids than females, and more white patients
were prescribed corticosteroids compared with patients
of other race categories. Differences in corticosteroid
use were found across all age groups as well as among
46- to 75-year-olds. Corticosteroid use was also highly
variable across payer status and region.

Tocilizumab

There were several marked differences in the
distribution of tocilizumab when compared with
the distribution of the sample. Males accounted
for 67.1% of the tocilizumab prescribed, although
the distribution of males in the sample is 48.6%.
White patients accounted for only 38.2% of the
tocilizumab users, although they represented 55.8% of
the sample, whereas patients of other races accounted
for 23.8% of tocilizumab users but only 13.6%
of the sample. Patients with unknown ethnicity
used more tocilizumab compared with non-Hispanic
patients, although there was a greater proportion
of non-Hispanic patients in the sample. Most of
the tocilizumab consumed was among patients older
than 45 years and patients with private insurance or
Medicare. Patients without insurance accounted for a
lower proportion of tocilizumab users than the sample
distribution (17.6% and 22.1%, respectively).
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We found that males used more tocilizumab than
females, although the proportion of use was <5% for
both sexes. In addition, a difference in tocilizumab use
was found across races. Differences were also found in
age groups, with the most notable differences between
patients <35 or >76 years of age compared with
those between 36 and 75 years of age. Patients with
private insurance (4.5%) also used more tocilizumab
compared with other payer groups (<2.8%). Lastly,
patients in region 1 (7.3%) used more tocilizumab than
patients in other regions (<4.5%).

Lopinavir/Ritonavir

The distribution of lopinavir/ritonavir mirrored the
differences seen in tocilizumab when compared with
the full sample. A higher proportion of males accounted
for lopinavir/ritonavir use than their distribution
in the sample. White patients also accounted for
less lopinavir/ritonavir use than their distribution in
the sample, whereas patients with unknown race
accounted for more (21.9% and 5.0%, respectively).
The proportion of patients without insurance who
used lopinavir/ritonavir was distinctly lower than
their distribution in the sample (3.3% and 22.1%,
respectively), whereas patients in the other nongovern-
ment group accounted for more (15.5% and 0.9%,
respectively). Lastly, most lopinavir/ritonavir use was
attributed to patients in region 0 (65.6%), although
their distribution in the sample was 16.3%.

Volume 43 Number 6



S.J. Stroever et al.

Table Il. Sample characteristics and volume of medication use among inpatients with coronavirus disease 2019 in
the Cerner Real-World Dat COVID dataset.”

Characteristic Total Hydroxychloroquine Corticosteroids Tocilizumab  Lopinavir/Ritonavir
(N=51,169) (n=8906) (n=128,966)" (n=1611) (n=576)
Sex
Male 24,860 (48.6) 4788 (53.8) 13,691 (47.3) 1081 (67.1) 347 (60.2)
Female 26,218 (51.2) 4100 (46) 15217 (52.5) 527 (32.7) 229 (39.8)
Other 91(0.2) 18 (0.2) 58(0.2) 3(0.2) 0(0.0)
Race
White 28,544 (55.8) 4009 (45) 17,266 (59.6) 616 (38.2) 284 (49.3)
Black/African American 10,429 (20.4) 2209 (24.8) 5577 (19.3) 359 (22.3) 88 (15.3)
Asian/Pacific Islander 1532 (3.0) 361 (4.1) 804 (2.8) 79 (4.9) 25(4.3)
Alaskan 1114 (2.2) 211 (2.4) 540 (1.9) 7 (0.4) 0(0.0)
Native/American Indian
Other 6949 (13.6) 1575(17.7) 3523 (12.2) 384 (23.8) 53(9.2)
Unknown 2563 (5.0) 539 (6.1) 1231 (4.2) 166 (10.3) 126 (21.9)
Mixed 38(0.1) 2(0.0) 25(0.1) 0(0.0) 0(0.0)
Ethnicity
Non-Hispanic 33,228 (64.9) 5727 (64.3) 18,969 (65.5) 871 (54.1) 374 (64.9)
Hispanic 12,770 (25.0) 1849 (20.8) 7478 (25.8) 433 (26.9) 172 (29.9)
Unknown 5171(10.1) 1330 (14.9) 2519 (8.7) 307 (19.1) 30(5.2)
Age,y
<18 4670 (9.1) 5(0.6) 2170 (7.5) 20(1.2) 1(0.2)
18-25 2438 (4.8) 150 (1.7) 1146 (4.0) 23(1.4) 9(1.6)
26-35 4451 (8.7) 480 (5.4) 2384 (8.2) 79 (4.9) 28 (4.9)
36-45 4378 (8.6) 844 (9.5) 2523 (8.7) 157 (9.7) 56 (9.7)
46-55 6649 (13.0) 1488 (16.7) 3920 (13.5) 315(19.6) 90 (15.6)
56-65 9039 (17.7) 2024 (22.7) 5451 (18.8) 445 (27.6) 127 (22.0)
66-75 8551 (16.7) 1859 (20.9) 5232 (18.1) 376 (23.3) 112 (19.4)
76-85 6968 (13.6) 1335(15.0) 4042 (14.0) 158 (9.8) 89 (15.5)
>86 4025 (7.9) 671 (7.5) 2098 (7.2) 38 (2.4) 64 (11.1)
Payer status
Medicare 14,528 (28.4) 2964 (33.3) 8179 (28.2) 394 (24.5) 203 (35.2)
Medicaid 8681 (17.0) 1253 (14.1) 4233 (14.6) 242 (15.0) 86 (14.9)
Private (HMO, PPO) 12,785 (25.0) 2926 (32.9) 7469 (25.8) 581 (36.1) 156 (27.1)
Self-pay (POS) 2126 (4.2) 268 (3.0) 1153 (4.0) 46 (2.9) 20(3.5)
Other government (VA, 912 (1.8) 101 (1.1) 471 (1.6) 14 (0.9) 2(0.3)
Tricare)
Other nongovernment 439 (0.9) 157 (1.8) 160 (0.6) 32 (2.0) 89 (15.5)
Charity 218 (0.4) 31(0.3) 86 (0.3) 5(0.3) 0(0.0)
Foreign national 38 (0.1) 1(0.0) 29 (0.1) 2(0.1) 0(0.0)
Workers compensation 127 (0.2) 30 (0.3) 57 (0.2) 11(0.7) 1(0.2)
No insurance 11,315 (22.1) 1175(13.2) 7129 (24.6) 284 (17.6) 19 (3.3)

(continued on next page)
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Table Il. (continued)

Characteristic Total Hydroxychloroquine Corticosteroids Tocilizumab  Lopinavir/Ritonavir
(N=51,169) (n=8906) (n=28,966)" (n=1611) (n=576)

US region*

0 (Maine, Vermont, New 8332 (16.3) 2259 (25.4) 4264 (14.7) 374 (23.2) 378 (65.6)

Hampshire,

Massachusetts, Rhode
Island, Connecticut, and

New Jersey)

1 (New York, 4242 (8.3) 1524 (17.1) 2206 (7.6) 308 (19.1) 56 (9.7)
Pennsylvania, and

Delaware)

2 (Maryland, West 7380 (14.4) 1128 (12.7) 3636 (12.6) 264 (16.4) 15(2.6)

Virginia, Virginia, North

Carolina, and South

Carolina)

3 (Tennessee, Alabama, 8117 (15.9) 1063 (11.9) 5209 (18.0) 222 (13.8) 24 (4.2)
Mississippi, Georgia, and

Florida)

4 (Michigan, Ohio, 3400 (6.6) 523 (5.9) 1834 (6.3) 47 (2.9) 5(0.9)
Indiana, and Kentucky)

5 (Montana, South 354 (0.7) 60 (0.7) 238 (0.8) 11(0.7) 15(2.6)
Dakota, North Dakota,

Minnesota, lowa, and

Wisconsin)

6 (Nebraska, Kansas, 2530 (4.9) 192 (2.2) 1658 (5.7) 30 (1.9) 4(0.7)
Missouri, and lllinois)

7 (Texas, Oklahoma, 3350 (6.5) 470 (5.3) 2138 (7.4) 63 (3.9) 38 (6.6)
Arkansas, and Louisiana)

8 (Idaho, Wyoming, 4745(9.3) 779 (8.7) 2771 (9.6) 66 (4.1) 12 (2.1)

Colorado, New Mexico,
Arizona, Utah, and

Nevada)

9 (Washington, Oregon, 8488 (16.6) 908 (10.2) 5012 (17.3) 226 (14) 29 (5)
California, Alaska, and

Hawaii)

Not reported 231 (0.5) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

HMO = health maintenance organization; POS = point of service; PPO = preferred provider organization; VA = Veterans Affairs.
*Data are the number (percentage) of medication users that were in each demographic category (ie, the proportion of patients
who used corticosteroids who were non-Hispanic).
T Corticosteroids included dexamethasone, methylprednisolone, prednisolone, prednisone, and hydrocortisone.
*Regions determined according to the first number of patient’s zip code.
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Table lll. Sample characteristics and volume of specific corticosteroid use among inpatients with coronavirus disease 2019 in the Cerner Real-World
Data coronavirus disease dataset.”

Characteristic

Sex
Male
Female
Other
Race
White

Black/African American
Asian/Pacific Islander
Alaskan Native/American Indian

Other
Unknown
Mixed
Ethnicity
Non-Hispanic
Hispanic
Other
Age,y
<18
18-25
26-35
36-45
46-55
56-65
66-75
76-85
>86

Total patients
(N=51,169)

24,860 (48.6)
26,218 (51.2)
91(0.2)

28,544 (55.8)
10,429 (20.4)
1532 (3.0)
1114 (2.2)
6949 (13.6)
2563 (5.0)
38 (0.1)

33,228 (64.9)
12,770 (25.0)
5171 (10.1)

Dexamethasone
(n = 14,456)

6566 (45.4)
7861 (54.4)
29 (0.2)

8752 (60.5)
2731 (18.9)
374 (2.6)
269 (1.9)
1762 (12.2)
562 (3.9)

6 (0.0)

9372 (64.8)
3931 (27.2)
1153 (8)

1346 (9.3)
627 (4.3)
1283 (8.9)
1421 (9.8)
2067 (14.3)
2742 (19)
2468 (17.1)
1729 (12)
773 (5.3)

Methylprednisolone
(n=15,964)

7607 (47.7)
8328 (52.2)
29 (0.2)

9769 (61.2)
2975 (18.7)
437 (2.8)
266 (1.7)
1836 (11.5)
669 (4.2)
12(0.1)

10,519 (65.9)
4063 (25.5)
1382 (8.7)

737
439

Prednisolone

(n=1704)

876 (51.4)
820 (48.1)
8(0.5)

934 (54.8)
379 (22.2)
43 (2.6)
37 (2.2)
223 (13.1)
82 (4.8)

6 (0.4)

1007 (59.1)
461 (27.1)
236 (13.8)

778 (45.7)
37(2.2)

7 (2.8)
66 (3.9)
119 (7)
190 (11.2)
221 (13)
182 (10.7)
64 (3.8)

Prednisone
(n=12,650)

5608 (44.3)
7021 (55.5)
21(0.2)

7908 (62.5)
2546 (20.1)
314 (2.5)
159 (1.3)
1290 (10.2)
425 (3.4)
8(0.1)

9082 (71.8)
2746 (21.7)
822 (6.5)

318 (2.5)
450 (3.6)
977 (7.7)
1108 (8.8)
1807 (14.3)
2678 (21.2)
2454 (19.4)
1937 (15.3)
7.

921 (7.3)

Hydrocortisone
(n=6239)

2770 (44.4)
3456 (55.4)
13 (0.2)

3643 (58.4)
1197 (19.2)
178 (2.9)
125 (2.0)
797 (12.8)
291 (4.7)
8(0.1)

4056 (65)
1470 (23.6)
713 (11.4)

735
318
640 (10.3)
479 (7.7)

696 (11.2)
1094 (17.5)
1026 (16.4)
842 (13.5)
409 (6.6)

1.8)

(1
(5.1)
(1
(7.

(continued on next page)
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Table lll. (continued)
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Characteristic Total patients Dexamethasone Methylprednisolone  Prednisolone Prednisone Hydrocortisone
(N=151,169) (n=14,456) (n=15,964) (n=1704) (n=12,650) (n=6239)

Payer status
Medicare 14,528 (28.4) 3957 (27.4) 5296 (33.2) 380 (22.3) 4047 (32.0) 1817 (29.1)
Medicaid 8681 (17.0) 2442 (16.9) 2298 (14.4) 388 (22.8) 1744 (13.8) 938 (15)
Private (HMO, PPO) 12,785 (25.0) 3998 (27.7) 4082 (25.6) 389 (22.8) 2981 (23.6) 1630 (26.1)
Self-pay (POS) 2126 (4.2) 527 (3.6) 484 (3) 41 (2.4) 478 (3.8) 105 (1.7)
Other government (VA, Tricare) 912 (1.8) 218 (1.5) 232 (1.5) 18 (1.1) 187 (1.5) 85(1.4)
Other nongovernment 439 (0.9) 81 (0.6) 119 (0.7) 4(0.2) 78 (0.6) 34 (0.5)
Charity 218 (0.4) 72 (0.5) 69 (0.4) 2(0.1) 37(0.3) 9(0.1)
Foreign national 38 (0.1) 26 (0.2) 15(0.1) 9(0.5) 3(0.0) 22 (0.4)
Workers compensation 127 (0.2) 46 (0.3) 37 (0.2) 0(0) 14 (0.1) 13 (0.2)
No insurance 11,315 (22.1) 3089 (21.4) 3332 (20.9) 473 (27.8) 3081 (24.4) 1586 (25.4)

US region'

0 (Maine, Vermont, New 8332 (16.3) 1826 (12.6) 2401 (15) 292 (17.1) 1771 (14) 958 (15.4)

Hampshire, Massachusetts, Rhode

Island, Connecticut, and New

Jersey)

1 (New York, Pennsylvania, and 4242 (8.3) 913 (6.3) 1335 (8.4) 90 (5.3) 1053 (8.3) 532 (8.5)

Delaware)

2 (Maryland, West Virginia, 7380 (14.4) 1810 (12.5) 1719 (10.8) 224 (13.1)  1622(12.8) 857 (13.7)

Virginia, North Carolina, and

South Carolina)

3 (Tennessee, Alabama, 8117 (15.9) 2478 (17.1) 3190 (20) 265(15.6) 2059 (16.3) 1071 (17.2)

Mississippi, Georgia, and Florida)

4 (Michigan, Ohio, Indiana, and 3400 (6.6) 797 (5.5) 991 (6.2) 65 (3.8) 991 (7.8) 348 (5.6)

Kentucky)

5 (Montana, South Dakota, North 354 (0.7) 130 (0.9) 139 (0.9) 17 (1.0) 143 (1.1) 51(0.8)

Dakota, Minnesota, lowa, and
Wisconsin)

(continued on next page)
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Table lll. (continued)

Characteristic Total patients Dexamethasone
(N=51,169) (n=14,456)

6 (Nebraska, Kansas, Missouri, 2530 (4.9) 945 (6.5)
and Illinois)

7 (Texas, Oklahoma, Arkansas, 3350 (6.5) 1256 (8.7)
and Louisiana)

8 (Idaho, Wyoming, Colorado, 4745 (9.3) 1586 (11)
New Mexico, Arizona, Utah, and

Nevada)

9 (Washington, Oregon, 8488 (16.6) 2674 (18.5)
California, Alaska, and Hawaii)

Not reported 231 (0.5) 41 (0.3)

Methylprednisolone
(n=15,964)

863 (5.4)
1168 (7.3)

1541 (9.7)

2617 (16.4)

0(0.0)

Prednisolone
(n=1704)

194 (11.4)
182 (10.7)

114 (6.7)

255 (15)

6 (0.4)

Prednisone
(n=12,650)

850 (6.7)
832 (6.6)

1081 (8.5)

2211 (17.5)

37(0.3)

HMO = health maintenance organization; POS = point of service; PPO = preferred provider organization; VA = Veterans Affairs.

*Data are the number (percentage) of medication users who were in each demographic category (ie, the proportion of non-Hispanic patients who used

dexamethasone).
f Regions determined according to the first number of patient’s zip code.

Hydrocortisone
(n=6239)

454 (7.3)
332 (5.3)

469 (7.5)

1146 (18.4)

21(0.3)
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We found differences in lopinavir/ritonavir juse
across all demographic groups. However, the propor-
tion of each demographic that used the medication
was <2% in almost all groups. We found the greatest
differences between races and regions, with patients
of unknown race using more lopinavir/ritonavir than
other groups. Patients in regions 0 and 5 also used more
lopinavir/ritonavir than the other regions of the United
States.

DISCUSSION

The purpose of this study was to assess the use of
medication among inpatients with COVID-19 across
the United States during the first wave of the pandemic.
Because of the new nature of the virus, clinicians
pieced together treatment strategies in the absence of
a solid evidence base. We found substantial variation
in medication use by region, race, ethnicity, sex,
age, and insurance status. These variations are likely
attributable to multiple factors, including the timing
of the pandemic by region in the United States and
processes by which medications are introduced and
disseminated.

Timing of the Pandemic

We found that hydroxychloroquine use was greatest
in the northeast (ie, regions 0 and 1), where COVID-
19 peaked the earliest in the United States (March
to May).*” During this time, hydroxychloroquine was
prominent in the popular press, undergoing academic
study for potential benefit in COVID-19 and being
prescribed at record levels across the United States.*’
Peaks in other regions of the United States occurred in
June and later because hydroxychloroquine fell out of
favor after publication and retraction of a manuscript
in the Lancet’* and the revocation of the US Food and
Drug Administration’s previously issued emergency
use authorization.” Similarly, lopinavir/ritonavir was
primarily used in the northeastern United States
because the initial surge took place in these regions
before and immediately after the release of the article
in the New England Journal of Medicine that reported
a lack of efficacy of the medication.'”

Medication Endorsement and Dissemination

The introduction of COVID-19 required early
innovation and imagination among health care pro-
fessionals. The processes necessary for medication
acquisition, prescribing, and administration may help

e188

explain the trends we see in this study. First, and most
importantly, the medications repurposed for COVID-
19 needed to be safe and have benefits that outweighed
the risks. Hydroxychloroquine and lopinavir/ritonavir
are examples of medications that were used in the
context of COVID-19 until the risks outweighed the
perceived benefits.!?>3¢

Availability is also a likely determinant of med-
ication use for COVID-19. Several studies describe
widespread disruptions in drug manufacturing, dif-
ficulties procuring inventory, and drug shortages as
important barriers to patient treatment early in the
pandemic.’”>** Burry et al*” noted the “highly volatile
state of prescribing” that stressed the system and led
to quick changes in supply and demand with the
release of new (and often conflicting) information. In
addition, we hypothesize that drug cost contributed
to variability in this sample. Individuals in the private
insurance group used substantially more tocilizumab
and hydroxychloroquine than those in other payer
groups, whereas patients in the uninsured group used
more corticosteroids. This is a new finding; to date,
no studies have identified a role for payer status
influencing inpatient drug prescription.

Equally important in medication use is stakeholder
buy-in. Key opinion leaders are experts in their respec-
tive fields that can legitimize new treatment ideas and
serve as sources of authority in complex situations.’”*!
Lopinavir/ritonavir use was greatest in regions 0 and
5. It is possible that the excess use in region 0 reflects
the timing of the pandemic and regional enthusiasm
among key opinion leaders. Lopinavir/ritonavir held
promise as an antiviral medication and was used with
some frequency before the May New England Journal
of Medical article describing no benefit.'> This timing
coincides with peak inpatient census in region 0. The
higher use of tocilizumab in the northeast (regions
0 and 1) may also reflect the influence of regional
enthusiasm for the use of this drug, with prominent
institutions favoring early use in severe disease.

In addition, key opinion leaders likely played an
important role in the use of corticosteroids among
patients with COVID-19. Early global guidelines
recommended against the use of corticosteroids in this
population.”’ However, it is clear from our data that
corticosteroids were repeatedly used among patients
with COVID-19 before formal evidence became
available.’ Evidence suggests that key opinion leaders
and support structures are stronger determinants of

Volume 43 Number 6



prescribing than clinical guidelines, particularly when
working with new medications.>” We hypothesize that
frontline health care workers looked to key opinion
leaders in the field for clinical decision making in the
absence of a solid evidence base.

Disease Severity

The severity of disease likely played a role in medica-
tion use. We found greater use of hydroxychloroquine
and tocilizumab in males than females, which may
reflect the evidence that males were at greater risk of
severe disease than females.*” In addition, patients in
the unknown race and ethnicity categories used more
of these medications. These patients are difficult to
analyze, although we hypothesize that these individuals
are in minority groups given the challenges with
standard classification in a diverse country.*>*

Limitations

An important limitation of this study is its cross-
sectional design, which provides only a snapshot
of medication use at a single point. We used the
data descriptively and did not assess outcomes after
medication use. The study design also prevented us
from drawing conclusions from the data. Rather, we
generated more hypotheses on medication use that
need to be tested.

We were also limited by the structure of the
dataset. The Cerner Real-World Data warehouse uses
a complex algorithm to deidentify patients and ensure
confidentiality. One of the primary ways encounters
were deidentified was through date shifting (ie,
forwards or backwards in 7-day increments [+7, 14,
21, and so on]). As a result, we were unable to reliably
trend medication use over time. We acknowledge that
inferences related to time may be substantial and
require cautious data interpretation.

In addition, we found a discrepancy in the inpatient
data that led us to exclude patients. Notably, we found
it unusual that more than 7000 inpatients did not
receive any medications during their inpatient stay.
On inquiry with the Cerner COVID-19 data team,
we learned that they continue to troubleshoot the
dataset to determine the reason for this occurrence. We
provide descriptive statistics for the excluded patients
in Supplemental Table I. There are notable differences
in the distribution of the excluded patients and study
sample. There are larger proportions of Hispanics and
patients without insurance in the excluded sample. In
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addition, >30% were from the Pacific Coast. These
limitations are important to keep in mind in the
interpretation of the findings of this study. Nonetheless,
the final sample provides important information that
can be used to meet our objective.

Finally, the dataset did not include 1 of the leading
medicines used to treat COVID-19. We know clinicians
used remdesivir experimentally during the early surge
of the pandemic. However, we were not able to assess
the scope of the medication use in this study given
limitations of the electronic medical record (described
previously). It is also possible that electronic medical
records inconsistently captured other experimental
medications, and we may be underreporting them.

CONCLUSIONS

This study is the first of its kind to assess trends in
medication use in a national dataset and is the first large
descriptive study of pharmacotherapy in hospitalized
patients with COVID-19. We provide an important
glimpse into prescribing patterns during a pandemic
and generate many hypotheses that should be tested to
further understand the determinants of medication use
in global emergencies.
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APPENDIX

SUPPLEMENTAL TABLE 1. Sample characteristics of patients excluded due to incomplete medication data in the

Cerner Real-World Data™ COVID dataset.

Sample Characteristics

Total Patients
Sex
Male
Female
Other
Race
White
Black/African American
Asian/Pacific Islander
Alaskan Native/American Indian
Other
Unknown
Mixed
Ethnicity
Non-Hispanic
Hispanic
Unknown
Age
<18 years
18-25 years
26-35 years
36-45 years
46-55 years
56-65 years
66-75 years
76-85 years
>86 years
Payer Status
Medicare
Medicaid
Private (HMO, PPO)
Self-Pay (POS)
Other Government (VA, Tricare)
Other Non-Government
Charity

191.e1

Number of patients

7612

3706 (48.7)
3902 (51.3)
4(0.1)

5966 (78.4)
665 (8.7)
214 (2.8)
19 (0.2)
434 (5.7)
287 (3.8)
27 (0.4)

2771 (36.4)
2836 (37.3)
2005 (26.3)

634 (8.3)
322 (4.2)
541 (7.1)
616 (8.1)
928 (12.2)
1290 (16.9)
1434 (18.8)
1207 (15.9)
640 (8.4)

1874 (24.6)
1295 (17.0)
1197 (15.7)
285 (3.7)
121 (1.6)
76 (1.0)

7 (0.1)

(continued on next page)
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SUPPLEMENTAL TABLE 1. (continued)

Sample Characteristics Number of patients
Foreign National 0 (0.0)
Workers Compensation 14 (0.2)

No Insurance 2743 (36.0)

United States Region*

0 - ME, VT, NH, MA, RI, CT, NJ 245 (3.2)
1-NY, PA, DE 8(0.1)

2 - MD, WV, VA, NC, SC 194 (2.5)
3-TN, AL, MS, GA, FL 12(0.2)
4-MI, OH, IN, KE 64 (0.8)
5-MT, SD, ND, MN, IA, WI 0 (0.0)

6 - NE, KS, MO, IL 87 (1.1)

7 - TX, OK, AR, LA 5(0.1)

8 - ID, WY, CO, NM, AZ, UT, NV 6 (0.1)

9 - WA, OR, CA, AK, HI 2516 (33.1)
Not reported 4475 (58.8)

Note: Data are n (column %)

Medication utilization by gender among COVID-19 patients Cerner Real-World Data™ COVID
dataset: December 2019 - June 2020

58.0%
Steroids
55.1%

0.9%
Lopinavir/Ritonavir

1.4%

M Female (n =26218)

2.0% B Male (n = 24860)
4.3%
15.6%
Hydroxychloroquine
19.3%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

*Medications are not mutually exclusive, percentages do not total 100. Categories representing less than 1% of the
sample were removed from the graph

Tocilizumab

Supplemental Figure 1.
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Medication utilization by race among COVID-19 patients Cerner Real-World Data™ COVID
dataset: December 2019 - June 2020

Steroids

1.6%
0%

1
0

Lopinavir/Ritonavir lo

S

0.8

xX

H White (n = 28544)
4.9%

M Black/African American (n = 10429)

2.2% m Asian/Pacific Islander (n = 1532)
3.4%
5.2% = Alaskan Native/American Indian (n = 1114)
0,
NiY] 5.5% B Other (n = 6949)

6.5%

14.0%
21.2%
. 23.6%
Hydroxychloroquine 9%
22.7%
21.0%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

*Medications are not mutually exclusive, percentages do not total 100. Categories representing less than 1% of
the sample were removed from the graph

Tocilizumab

 Unknown (n = 2563)

Supplemental Figure 2.

Medication utilization by ethnicity among COVID-19 patients Cerner Real-World Data™ COVID
dataset: December 2019 - June 2020

57.1%
Steroids 58.6%
48.7%
1.1%
Lopinavir/Ritonavir 1.3%
0.6%
® Non-Hispanic (n = 33228)
2.6% ® Hispanic (n = 12770)
Tocilizumab 3.4% ® Unknown (n=5171)
5.9%
Hydroxychloroquine
25.7%
0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

*Medications are not mutually exclusive, percentages do not total 100. Categories representing less than 1% of the
sample were removed from the graph

Supplemental Figure 6.

191.e3 Volume 43 Number 6



S.J. Stroever et al.

Medication utilization by age among COVID-19 patients Cerner Real-World Data™ COVID dataset:
December 2019 - June 2020

Steroids

1.4% B 18-25 years (n = 2438)
1.3% M 26-35 years (n = 4451)
1 36-45 years (n = 4378)
M 46-55 years (n = 6649)

1.3% u =
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Supplemental Figure 7.

Medication utilization by payer status among COVID-19 patients Cerner Real-World Data™ COVID
dataset: December 2019 - June 2020
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Medication utilization by United States region among COVID-19 patients Cerner Real-World Data™ COVID
dataset: December 2019 - June 2020
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