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Abstract

Rationale: The coronavirus disease (COVID-19) pandemic struck
an immunologically naive, globally interconnected population. In
the face of a new infectious agent causing acute respiratory failure
for which there were no known effective therapies, rapid, often
pragmatic trials were necessary to evaluate potential treatments,
frequently starting with medications that are already marketed for
other indications. Early in the pandemic, hydroxychloroquine and
azithromycin were two such candidates.

Objectives: To assess the relative efficacy of hydroxychloroquine
and azithromycin among hospitalized patients with COVID-19.

Methods: We performed a randomized clinical trial of
hydroxychloroquine versus azithromycin among hospitalized
patients with COVID-19. Treatment was 5 days of studymedication.
The primary endpoint was the COVID ordinal outcomes scale at
Day 14. Secondary endpoints included hospital-, intensive care
unit–, and ventilator-free days at Day 28. The trial was stopped early
after the enrollment of 85 patients when a separate clinical trial
concluded that a clinically important effect of hydroxychloroquine
over placebo was definitively excluded. Comparisons were made a
priori using a proportional odds model from a Bayesian perspective.

Results: We enrolled 85 patients at 13 hospitals over 11 weeks.
Adherence to study medication was high. The estimated odds ratio

for less favorable status on the ordinal scale for hydroxychloroquine
versus azithromycin from the primary analysis was 1.07, with a 95%
credible interval from 0.63 to 1.83 with a posterior probability of
60% that hydroxychloroquine was worse than azithromycin.
Secondary outcomes displayed a similar slight preference for
azithromycin over hydroxychloroquine. QTc prolongation
was rare and did not differ between groups. The 20 safety
outcomes were similar between arms, with the possible exception
of postrandomization-onset acute kidney injury, which was
more common with hydroxychloroquine (15% vs. 0%). Patients
in the hydroxychloroquine arm received remdesivir more often
than those in the azithromycin arm (19% vs. 2%). There was no
apparent association between remdesivir use and acute kidney injury.

Conclusions: Although early termination limits the precision of
our results, we found no suggestion of substantial efficacy for
hydroxychloroquine over azithromycin. Acute kidney injury may be
more common with hydroxychloroquine than azithromycin, although
this may be due to the play of chance. Differential use of remdesivir
may have biased our results in favor of hydroxychloroquine.
Our results are consistent with conclusions from other trials that
hydroxychloroquine cannot be recommended for inpatients
with COVID-19; azithromycin may merit additional investigation.

Clinical trial registered with www.clinicaltrials.gov (NCT04329832).
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Effective therapies for coronavirus disease
(COVID-19) are urgently sought. The
nucleotide analog remdesivir has suggested
efficacy in patients with moderate or
severe disease (1, 2). The corticosteroid
dexamethasone has suggested efficacy in
severe or critical disease (3). Other therapies
are currently in trials or have been reported
with mixed results (4, 5). Given the high
morbidity and mortality of COVID-19,
patients, families, and clinicians are eager for
actionable knowledge regarding potential
therapies. The first wave of therapeutic options
under consideration included medications
with known safety profiles and regulatory
approvals for other indications but often
minimal preclinical data to support potential
efficacy. This approach was taken given the
rapid spread of infection and the desire
to identify agents that might be rapidly
deployed for emergency use. It also offered
important efficiencies across regulatory and
logistical domains to allow trial launch at
unprecedented speed.

In March–April 2020 considerable
interest focused on the antimalarial agent
hydroxychloroquine on the basis of in vitro
data, experience in other diseases (including as
an immune modulator) (6–10), and small
trials that suggested no safety concerns and the
possibility of efficacy (6, 11–16). Similar types
of suggestive data were available in support of
azithromycin as an immunomodulator and
antiviral agent, complementing its familiar
antibacterial effects (17–22).

As this trial was being prepared,
public interest and local government
proposals, including an attempt to provide
hydroxychloroquine on demand, were driving
ubiquitous off-label use of medications,
including hydroxychloroquine and
azithromycin, without a prescription.Wewere
eager to determine the potential benefit of
each of these agents, but in this atmosphere,
we believed that a placebo-controlled trial
might not be feasible, especially across the
diverse study sites considered. We therefore

developed an open-label, randomized clinical
trial comparing hydroxychloroquine with
azithromycin, with an eye to enrolling patients
across the state of Utah in multiple types of
hospitals (including academic, nonacademic,
referral, and community). The 13 study
hospitals were drawn from Intermountain
Healthcare and the University of Utah, the
major nonprofit systems in the state.

Methods

Design
We published detailed methods for the
HAHPS (Hydroxychloroquine versus
Azithromycin for Hospitalized Patients with
COVID-19) trial previously (23). We
enrolled patients from April 3 to June 19,
2020, at 13 hospitals in Utah. We enrolled
hospitalized patients with symptomatic
laboratory-confirmed COVID-19 within
10 days of a positive test for COVID-19.
Patients were excluded for ethical reasons
(e.g., prisoners) or for safety reasons (e.g.,
known long QT, seizure disorder, or renal or
liver failure). Further details of eligibility
criteria are provided in the trial protocol
(appended to the online supplement) and
the detailed methods publication (23).

Eligible patients were randomly assigned
(permuted blocks with concealed allocation)
in a 1:1 ratio to hydroxychloroquine or
azithromycin. Randomization was stratified
by study site. Hydroxychloroquine sulfate was
administered orally as a loading dose of 400
mg twice on the first day, followed by 200 mg
twice daily for the following 4 days (total dose,
2.4 gm) or until discharge or death.
Azithromycin was administered orally as a
loading dose of 500 mg on the first day,
followed by 250 mg daily for the next 4 days
(total dose, 1.5 gm) or until discharge or death.
The study protocol was approved by the
Intermountain Institutional Review Board and
Data and Safety Monitoring Board, both of
which oversaw the trial. Informed consent

(according to pandemic procedures using
no-touch procedures, as published previously)
(23) was obtained from each patient (or legally
authorized representative, as appropriate)
before any study procedures were performed.
The funder (the Heart and Lung Foundation
of the Intermountain Research and Medical
Foundation) had no input into the design or
reporting of the trial.

Study Procedures
Patients were assessed according to a schedule
of assessments through study Day 28, with
daily monitoring through Day 5. Study drug
was held if QTc was .500 ms, if the patient
declined a dose, or if enteral access became
unavailable. Concomitant medications were
not restricted but were recorded both before
and through 5 days after randomization.
Although both study drugs are considered
generally safe, a priority in the trial was
optimization of safety. We employed the
following four parallel mechanisms for safety
monitoring: 1) exclusion of patients at
increased risk of arrhythmia or other side
effects, 2) an electrocardiogram performed
24–48 h after enrollment, 3) daily review of
medications to assure no contraindicated
or potentially contraindicated medications
were initiated, and 4) daily review for potential
adverse events. Further details of safety
monitoring are available in the protocol.

Study Endpoints
The primary endpoint was theDay 14COVID
ordinal outcomes scale (Table E1 in the online
supplement). This endpoint ranges from 1
(home without limitations on usual activities)
to 8 (death). Secondary endpoints included
hospital-free, ventilator-free, and intensive
care unit (ICU)–free days, which were all
censored at 28 days. Safety outcomes were
assessed daily through Day 5, with a summary
at the time of hospital discharge. We defined
acute kidney injury (AKI) as Kidney Disease:
Improving Global Outcomes stage 2 (a
doubling of creatinine or any value.4 mg/dl)
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as acute onset if it was not present at
randomization but was present within the first
5 days after randomization.

Statistical Considerations
The primary analysis was an ordinal
regression of the Day-14 score on the COVID
ordinal outcomes scale, with treatment group
as the independent variable and patient age,
comorbidities (dichotomized as either no
comorbidities or any comorbidities, with the
comorbidities drawn from hypertension,
chronic obstructive pulmonary disease, and
the Charlson constituent comorbidities) (24),
and baseline level of the COVID ordinal
outcomes scale as covariates. The statistical
analysis plan was finalized by investigators/
statisticians blinded to trial data. Secondary
efficacy endpoints, including hospital-, ICU-,
and ventilator-free days, were analyzed
using the same framework (i.e., ordinal
regression including the same prespecified
covariates). In the context of a rapidly
evolving pandemic, we used a Bayesian
framework to accommodate frequent and
flexible interim monitoring. For each

ordinal efficacy endpoint, we used a
moderately skeptical prior, which assigned
a median odds ratio (OR) of 1.0 and a
probability of 0.95 to an OR between 0.5 and
2.0. This shifted estimated ORs toward 1.0 to
mitigate the anticipated variability observed
with assessments with small sample sizes.
The trial was intended to be interpreted in
the context of other concurrent trials
according to an inference grid published
before data were reviewed (23).

Analyses were performed according to
the intention-to-treat principle. The safety
cohort included all patients who received at
least one dose of study drug. The primary
analysis was on patients in the intention-
to-treat cohort who had no missing data
for the relevant variables. A sensitivity
analysis controlled for the amount of
clinical azithromycin received before
randomization. Recognizing the importance
of differential treatment exposures after
randomization in an open-label trial, we
report concomitant medications through
Day 5 by the class of drug administered. A
post hoc exploratory analysis controlled for

receipt of remdesivir, as described in the
online supplement.

Power and Sample Size
Details of the sample size calculation
are presented in the methods publication (23).
Briefly, we estimated 80% power to detect an
OR of 0.55 at 300 patients for the superiority
of hydroxychloroquine over azithromycin.
After 85 patients had been enrolled in
the HAHPS trial, a large placebo-controlled
trial (ORCHID [Outcomes Related to
COVID-19 treated with Hydroxychloroquine
among Inpatients with symptomatic Disease],
NCT04332991) of hydroxychloroquine versus
placebo was concluded on the grounds that an
effect (positive or negative) was definitively
excluded. The ORCHID results were
made available in the context of similar reports
from other trials. This cumulative evidence led
investigators and the Data and Safety
Monitoring Board to close the HAHPS trial to
enrollment on June 19, 2020, on the basis of
the totality of evidence. One interim analysis
had been performed at 60 patients with 14-day
follow-up. Investigators were blind to the

Hydroxychloroquine vs. Azithromycin for Hospitalized Patients with
Suspected or Confirmed COVID-19 (HAHPS): A prospective pragmatic trial

Assessed for Eligibility (n = 829)

Not Meeting Inclusion
Criteria (n = 195)

Meeting at Least One Exclusion
Criterion (n = 423)*

Approached (n = 211)

Randomized (n = 85**)

Hydroxychloroquine Arm (n = 42) Azithromycin Arm (n = 43)

•     Patient Declined (n = 110) •    LAR Declined (n = 16)

Excluded (n = 618)*

Declined to Participate (n = 126)

•    Recovered/discharging (n = 122)
•    Prolonged QTc at baseline (n = 55)
•    Dialysis/GFR (n = 53)
•    >2 days HCQ/azithro (n = 27)
•    Outpatient HCQ (n = 19)
•    Attending Declined (n = 43)
•    Seizure Disorder (n = 18)
•    Contraindicated Medications (n = 20)
•    Competing Study (n = 30)
•    Severe Liver Disease (n = 9)

•    Language barrier (n = 12)
•    Pregnant (n = 21)
•    Psoriasis (n = 6)
•    Prisoner (n = 4)
•    Allergy to Study Agent (n = 3)
•    LAR unavailable (n = 8)
•    Hx of Bone Marrow Transplant (n = 2)
•    Prior Enrollment (n = 2)
•    Porphyria (n = 1)
•    Weight < 35kg  (n = 2)

Figure 1. Flow of participants through the trial. *Adjusted for patients who met.1 exclusion criterion. **One patient in each arm (two patients total) did not
receive study drug. azithro = azithromycin; COVID-19= coronavirus disease; GFR=glomerular filtration rate; HAHPS=Hydroxychloroquine versus
Azithromycin for Hospitalized Patients with COVID-19; HCQ=hydroxychloroquine; Hx=medical history; LAR= legally authorized representative;
QT=measurement made on an electrocardiogram from the start of the Q wave to the end of the T wave; QTc= corrected QT.
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results of the interim analysis at the time the
trial closed. The sample size of 85 patients
at the time the study was stopped was
insufficient to provide adequate power to
detect plausible but clinically important effects
on the primary or secondary efficacy outcome.
We use the Bayesian posterior probabilities to
describe the implications of our data for
efficacy outcomes while accounting for the
uncertainty associated with the limited sample
size.

Results

We assessed 829 patients (Figure 1) for
eligibility, approached 211, and enrolled 85.
Forty-two (49%) were randomized to
hydroxychloroquine, whereas 43 (51%)
were randomized to azithromycin.

Two patients were unexpectedly
discharged after randomization, before
the first dose could be administered
(according to intention-to-treat principles,
these patients were retained in the intention-
to-treat cohort). The mean (standard
deviation) duration of treatment course was
4.146 1.41 days (additional details in Table
E10). Sixty-six percent of patients completed
all possible doses; in all but two cases (one
patient refusal and one pharmacy error),
failure to receive all doses was related to
hospital discharge or death within the first
5 days. Compliance with safety monitoring

was high; all patients had documented safety
monitoring performed on all five of the first
5 days on study.

Baseline demographics and severity of
illness measures, including the distribution
of the COVID ordinal outcome scale at
baseline, are displayed in Table 1. Additional
baseline characteristics are displayed in the
online supplement. Median (interquartile
range [IQR]) age was 55 (42–65) years; 39%
were female; 32 (38%) were of Latinx
ethnicity; and 61% were of Latinx ethnicity
and/or nonwhite race. Approximately half
of patients had no comorbidities. Thirty-one
percent of patients were receiving high-
flow oxygen or greater intensity support
(baseline ordinal scale >5); only 14% were
hospitalized without supplemental oxygen.
The median (IQR) duration from symptom
onset to randomization was 8 (6–12) days.
All enrolled patients were confirmed severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2) positive via polymerase
chain reaction testing.

No data were missing for the 14-day
analyses; only one participant had a missing
outcome for the 28-day analysis. That
participant was excluded from the Day 28
analysis. Primary and key secondary outcomes
are displayed in Table 2 (additional outcomes
are presented in the online supplement). In the
primary analysis, the posterior median OR
(95% credible interval) for a less favorable
COVID ordinal outcome was 1.07 (0.63–1.83)

for the hydroxychloroquine arm compared
with the azithromycin arm (see also Figure
E2). The OR is consistent with a small benefit
of azithromycin over hydroxychloroquine; the
posterior probability that hydroxychloroquine is
worse than azithromycin was 0.60. Our data
are also consistent with approximately equal
posterior probabilities that the treatment
effect is negligible or nonnegligible.

The 28-day mortality was 8%, with one
(2%) death in the azithromycin group and six
(14%) deaths in the hydroxychloroquine
group. There were too few deaths to support
regression modeling; we do not report
a P value to avoid misleading readers.
Mortality and quality of life at 6 months
will be reported in a subsequent manuscript to
allow timely reporting of 28-day outcomes
during the pandemic. Extrapulmonary
complications were uncommon (Table E7)
and did not differ substantially between
treatment arms. The overall incidence of
venous thromboembolism during the
hospitalization was 6% among all patients,
with no substantial difference between
treatment arms.

Exploratory subgroup analyses are
presented in the Table E6—the estimates
in general differed little from each other.
Among non-Latinx white patients (n= 33),
the OR from the primary analysis was 1.20
(0.64–2.24), whereas for patients of Latinx
ethnicity and/or nonwhite race (n= 52), the
OR was 0.91 (0.50–1.64).

Table 1. Baseline characteristics of enrolled patients

Overall (N= 85) Hydroxychloroquine (n= 42) Azithromycin (n= 43)

Age, yr 55 (42–65) 51 (42–60) 58 (43–68)
Sex, F, n (%) 33 (39) 19 (44) 14 (33)
Latinx ethnicity, n (%) 32 (38) 17 (40) 15 (36)
Race, n (%)
Black/African American 1 (1) 1 (2) 0 (0)
Native Hawaiian/Pacific Islander 10 (12) 6 (14) 4 (10)
American Indian/Alaska Native 8 (9) 3 (7) 5 (12)
White 54 (64) 26 (60) 28 (67)
Nonwhite race or Latinx ethnicity 52 (61) 29 (67) 23 (55)
Other/multiple 12 (14) 7 (16) 5 (12)
Admission SOFA score, median (IQR) 3 (2–4) 3 (2–3) 3 (2–4)

Comorbidities
Total Charlson count, median (IQR) 1 (0–2) 1 (0–2) 0 (0–2)
No comorbidities, n (%) 41 (48) 18 (42) 23 (55)

Baseline ordinal scale, n (%)
3 (hospitalized no oxygen) 12 (14) 6 (14) 6 (14)
4 (hospitalized, some oxygen) 47 (55) 24 (56) 23 (55)
5 (HFNC or NIV) 13 (15) 7 (16) 6 (14)
6 (mechanical ventilation) 9 (11) 4 (9) 5 (12)
7 (mechanical ventilation and other organ support) 4 (5) 2 (5) 2 (5)

Duration of symptoms (d), median (IQR) 8 (6–12) 9 (7–11) 8 (5–12)

Definition of abbreviations: HFNC=high-flow nasal cannula oxygen; IQR= interquartile range; NIV = noninvasive ventilation; SOFA=Sequential Organ
Failure Assessment.
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Disease progression over time is
presented in Figures 2A and 2B. The
proportion of patients dead or on
mechanical ventilation increased through
Days 4–5; by Day 14, the majority of patients
had been discharged home.

During the hospitalization, 29
(34%) patients were ever mechanically
ventilated, 18 (21%) received vasopressors,
no patients were treated with renal
replacement therapy, and one patient was
treated with extracorporeal membrane
oxygenation, which was initiated .5 days
after randomization.

Overall, 49% of patients received at
least one COVID-19–targeted therapy after
randomization. The distribution of those
concomitant medications is displayed in
the online supplement. Postrandomization
concomitant medications did not differ
between treatment groups (Table E16), with
one possible exception. Remdesivir (given
under an emergency use authorization) may
have been used significantly more often
in the hydroxychloroquine than in the
azithromycin arm (19% vs. 2%). In the post
hoc analysis controlling for the expected
effect of remdesivir, the estimated OR was
1.26 (95% credible interval, 0.82–1.93). In
the hydroxychloroquine arm, six
patients (14%) received nonrandomized
azithromycin after study enrollment

(generally as clinician-directed treatment
for suspected pneumonia). No patients
randomized to the azithromycin arm
received any hydroxychloroquine.

Safety Outcomes
The safety cohort included 83 patients (two
patients were unexpectedly discharged
home after randomization but before the
first dose of drug was administered). Safety
results are displayed in the Tables E17–E22.
Briefly, adverse events and safety outcomes
within the first 5 days were very similar
between groups, with the possible exception
among 20 nonmortality safety outcomes of
postrandomization-onset AKI. AKI through
Day 5 was present in 6/41 (15%) patients in
the hydroxychloroquine arm and 0/42
(0%) patients in the azithromycin arm
(unadjusted P= 0.01 from Barnard’s exact
test); no patients in either arm underwent
renal replacement. One additional patient in
the hydroxychloroquine group (and no
additional patients in the azithromycin
group) experienced AKI between Day 5 and
hospital discharge. QTc did not differ
between treatment arms, including among
hydroxychloroquine patients who received
azithromycin before or after enrollment.

Study drug was permanently
discontinued in three patients in the
hydroxychloroquine arm and in two

patients in the azithromycin arm for QTc
.500 ms. Contraindicated or potentially
contraindicated medications triggered a
discussion between treating clinician and
pharmacist in 13 (16%) patients through
study Day 5. Safety outcomes through Day 5
did not in general differ between those who
received both hydroxychloroquine and
azithromycin versus those who received
either hydroxychloroquine or azithromycin
(see Table E23), although mechanical
ventilation and vasopressor use were
numerically more common in the
azithromycin plus hydroxychloroquine
group. This difference may be related to
clinician preference to use azithromycin for
severe community-acquired pneumonia
therapy in patients requiring mechanical
ventilation.

Discussion

We report here the results of a randomized,
pragmatic, open-label, active comparator
trial of two commonly available and much-
discussed therapies early in the COVID-19
pandemic. We observed no compelling
evidence for a difference in our primary
outcome between the hydroxychloroquine
and azithromycin treatments. This result
must be interpreted in the context of the

Table 2. Primary and key secondary outcomes for randomized patients

COVID ordinal scale at 14 d Results

Results of primary ordinal regression model
OR for a less favorable COVID ordinal outcome at 14 d in

hydroxychloroquine arm compared with the azithromycin
arm (95% credible interval)*

1.07 (0.63–1.83)*

Posterior probabilities from primary ordinal regression model for 14-d COVID ordinal outcome
P1=Pr(OR,1) (any benefit of hydroxychloroquine over

azithromycin)
0.40

P2=Pr(OR,1/1.25) (at least moderate benefit of
hydroxychloroquine over azithromycin)

0.14

P3=Pr(OR.1) (any benefit of azithromycin over
hydroxychloroquine)

0.60

P4=Pr(OR.1.25) (at least moderate benefit of azithromycin
over hydroxychloroquine)

0.29

P5=Pr(1/1.2,OR ,1.2) (negligible difference between the
two agents)

0.48

Key secondary endpoints, OR (95% credible interval)
COVID ordinal scale at 7 d 1.16 (0.68–1.96)*
Hospital-free days at 28 d 0.91 (0.54–1.54)†

ICU-free days at 28 d 0.85 (0.50–1.46)†

28-d mortality Too few events

Definition of abbreviations: COVID=coronavirus disease; ICU= intensive care unit; OR=odds ratio; Pr = probability.
*An OR .1 favors azithromycin over hydroxychloroquine for this comparison.
†An OR ,1 favors azithromycin over hydroxychloroquine for this comparison.
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limitations resulting from our sample size
and the fact that our data provide similar
posterior probabilities that a treatment
effect was negligible (0.48) versus
nonnegligible (0.52). In the safety
analysis, AKI was more common in the
hydroxychloroquine arm, although this may
reflect the number of safety outcomes
we analyzed rather than a true finding.

Differential use of remdesivir in the
hydroxychloroquine arm may have
masked a relative advantage of azithromycin
over hydroxychloroquine, a possibility
consistent with a post hoc sensitivity
analysis.

In terms of the context of this trial, we
note that in a large, open-label pragmatic
trial in the United Kingdom with limited

safety monitoring and a higher dose of
hydroxychloroquine, there was a suggestion
of modest (1–2% absolute risk increase)
harm associated with hydroxychloroquine
as opposed to usual care (see supplemental
discussion in online supplement) (25).
High doses of chloroquine with limited
safety monitoring were associated with
increased mortality in one randomized trial
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Figure 2. (A) COVID ordinal scale over time. (B) Level of oxygen support over time, among patients alive and in the hospital. Az = azithromycin;
COVID= coronavirus disease; Hcq=hydroxychloroquine; HFNC=high-flow nasal cannula oxygen; NIV = noninvasive ventilation; w=with.
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of high- versus low-dose chloroquine (26).
Clinical cohorts described high rates of
QTc prolongation or ventricular
arrythmias (27, 28), although these
have not been reproduced in controlled
trials (25). An open-label Brazilian
trial suggested no benefit for
hydroxychloroquine among moderately
ill patients (29). The gold-standard
ORCHID trial, with rigorous eligibility
criteria and safety monitoring, suggested
neither benefit nor harm. Our results
may thus be compatible with a benefit
associated with azithromycin, as indicated
in the inference grid we published
previously (23). The comparison of
the hydroxychloroquine arm with
hydroxychloroquine1 azithromycin arm
(OR, 0.82) in the Brazilian COVID-19
trial may also be compatible with this
observation (29). In terms of safety, we
saw no Clostridioides difficile infection in
the efficacy cohort, but we observed
prolonged QTc occasionally in the
azithromycin arm. In any case, our trial
results are not sufficiently robust to
advocate for clinical use of azithromycin
for COVID-19.

The possible difference in stage 2 AKI
merits comment even though it was not
associated with renal replacement therapy.
The observed difference is compatible
with chance variation given comparisons
of multiple safety outcomes between
groups. Theoretical concerns identify
hydroxychloroquine as having potential for
worsening kidney injury in COVID-19 (30)
despite suggestion of renal protection in
chronic autoimmune disease (31–33). The
RECOVERY trial did not collect data
necessary to inform this observation (25),
nor have most other prior trials. Given
that AKI during hospitalization is often
associated with worse outcomes over the
intermediate to long term, this may be an
important safety signal to evaluate in larger
cohorts (34, 35).

The granularity of available data
distinguishes this from other pragmatic
trials, which makes this trial useful as a

cohort study as well as a trial population.We
observe that outcomes were remarkably
good for enrolled patients regardless of
study group; overall 28-day mortality was
8%, andmortality in the azithromycin group
was 2%. Over two-thirds of patients
were discharged home within 2 weeks.
Extrapulmonary complications, including
clinically diagnosed deep venous thrombosis,
were uncommon or rare. COVID-19–
specific therapies are provided to half
of patients.

Although we are unable to make firm
statistical claims on this point, our
experience placed in context of both
pragmatic and robust trials suggests
that limiting hydroxychloroquine
administration to a rigorous clinical trial
environment increased population-level
safety within the state of Utah. We thus
draw attention to the important
sociocultural and safety role that clinical
trials—including open-label pragmatic
trials—can play in a pandemic situation.
In a setting where extreme local pressure
existed to administer hydroxychloroquine
“off label,” our decision to provide
hydroxychloroquine in a clinical trial
setting—with associated focus on patient
autonomy and informed consent,
appropriate safety monitoring, and the
possibility of contributing to generalizable
knowledge—played an important public
health role.

Three key limitations of this clinical
trial are the sample size, open-label
treatment assignment, and use of an active
comparator design. The sample size limits
possible inferences. Crucially, we
anticipate contributing data to patient-
level network meta-analyses and are
careful to avoid speculative claims.
In terms of the lack of blinding, we
assessed for differential distribution
of concomitant medications and
found that in fact, remdesivir was
differentially prescribed to patients
in the hydroxychloroquine arm. The
differential use of remdesivir among
hydroxychloroquine patients, which has

expected efficacy in this patient
population (1, 2), likely biases our
estimates in favor of hydroxychloroquine.
This trial may thus underestimate harms
of hydroxychloroquine and/or benefits of
azithromycin. Because remdesivir was
prescribed in study hospitals using a
standard treatment algorithm without
regard to trial enrollment, we do not
believe that the lack of blinding
contributed to this imbalance. In terms of
the active comparator design, we intended
this trial to be complementary to larger
placebo-controlled trials, and our nonuse
of placebo allowed us to provide access
and enrollments in hospitals that would
not traditionally have been able to support
a trial. We did not employ a “usual care”
control arm, given longstanding
controversies about the integrity and
inferential validity of such groups (36–39).
We acknowledge that other trials have
used such control arms despite
controversy about their interpretability.
We are unable to comment on whether
outcomes in our treatment arms would
differ from a contemporaneous usual care
control arm.

In summary, we find no suggestion
of a large clinical benefit or harm
associated with hydroxychloroquine
as opposed to azithromycin among
hospitalized patients with COVID-19,
although AKI may be more common
with hydroxychloroquine. Azithromycin
may merit further investigation in focused
trials but should not be implemented
in clinical care without additional
evidence. n
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