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Visual Abstract
IMPORTANCE Systemic corticosteroids are commonly used in treating severe COVID-19.
However, the role of inhaled corticosteroids in the treatment of patients with mild to
moderate disease is less clear.
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OBJECTIVE To determine the efficacy of the inhaled steroid ciclesonide in reducing the time to

alleviation of all COVID-19–related symptoms among nonhospitalized participants with
symptomatic COVID-19 infection.
DESIGN, SETTING, AND PARTICIPANTS This phase 3, multicenter, double-blind, randomized
clinical trial was conducted at 10 centers throughout the US and assessed the safety and
efficacy of a ciclesonide metered-dose inhaler (MDI) for treating nonhospitalized participants
with symptomatic COVID-19 infection who were screened from June 11, 2020, to November
3, 2020.
INTERVENTIONS Participants were randomly assigned to receive ciclesonide MDI, 160 μg per
actuation, for a total of 2 actuations twice a day (total daily dose, 640 μg) or placebo for 30
days.
MAIN OUTCOMES AND MEASURES The primary end point was time to alleviation of all
COVID-19–related symptoms (cough, dyspnea, chills, feeling feverish, repeated shaking with
chills, muscle pain, headache, sore throat, and new loss of taste or smell) by day 30.
Secondary end points included subsequent emergency department visits or hospital
admissions for reasons attributable to COVID-19.
RESULTS A total of 413 participants were screened and 400 (96.9%) were enrolled and
randomized (197 [49.3%] in the ciclesonide arm and 203 [50.7%] in the placebo arm; mean
[SD] age, 43.3 [16.9] years; 221 [55.3%] female; 2 [0.5%] Asian, 47 [11.8%] Black or African
American, 3 [0.8%] Native Hawaiian or other Pacific Islander, 345 [86.3%] White, and 1
multiracial individuals [0.3%]; 172 Hispanic or Latino individuals [43.0%]). The median time
to alleviation of all COVID-19–related symptoms was 19.0 days (95% CI, 14.0-21.0) in the
ciclesonide arm and 19.0 days (95% CI, 16.0-23.0) in the placebo arm. There was no
difference in resolution of all symptoms by day 30 (odds ratio, 1.28; 95% CI, 0.84-1.97).
Participants who were treated with ciclesonide had fewer subsequent emergency
department visits or hospital admissions for reasons related to COVID-19 (odds ratio, 0.18;
95% CI, 0.04-0.85). No participants died during the study.
CONCLUSIONS AND RELEVANCE The results of this randomized clinical trial demonstrated that
ciclesonide did not achieve the primary efficacy end point of reduced time to alleviation of all
COVID-19–related symptoms.
TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04377711
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T

he SARS-CoV-2 COVID-19 pandemic has led to an ongoing global public health emergency. Symptoms of
COVID-19 vary widely and include fever, cough, difficulty breathing, and loss of taste and smell. Reported illnesses have ranged from asymptomatic to severe illness and
death among confirmed COVID-19 cases. To date, most therapeutic studies have focused on patients with severe disease
that required hospitalization.
In the RECOVERY trial, dexamethasone resulted in lower
28-day mortality among patients with severe COVID-19.1 The
role of inhaled corticosteroids for patients with mild to moderate coronavirus disease is less clear. Systemic corticosteroids have shown mixed results for these patient types.2 The
potential antiinflammatory benefits of corticosteroids must be
weighed against the potential risks of immunosuppression and
other systemic steroid effects.3,4
Inhaled corticosteroids may also be beneficial in COVID-19
treatment, as they reduce the expression of key proteins that
are involved in the entry of the virus into host cells.5 Inhaled
corticosteroids have also been shown to cause downregulation of COVID-19 genes.6
Among the available inhaled corticosteroids, ciclesonide has
emerged as a potential treatment option for COVID-19. In vitro,
ciclesonide has been shown to have antiviral properties against
COVID-19 and blocks COVID-19 viral replication.7,8 A case series described 3 elderly patients with hypoxia due to COVID-19
who recovered following treatment with ciclesonide.9 Clinical
trials are needed to determine the effects of ciclesonide on
COVID-19 in the clinical setting. This study examined the effects of ciclesonide vs placebo in nonhospitalized participants
with symptomatic COVID-19 infection.

Methods
Study Design and Participants
This was a phase 3, multicenter, double-blinded, randomized
placebo-controlled trial to assess the safety and efficacy of a
ciclesonide metered-dose inhaler (MDI) for treating nonhospitalized patients with symptomatic COVID-19 infection
(Supplement 1). Participants were eligible for inclusion if, at the
time of enrollment, they (1) were at least age 12 years, (2) had
a positive SARS-CoV-2 molecular or antigen diagnostic sample
obtained during the previous 72 hours, (3) were not hospitalized or under consideration for hospitalization, (4) had an oxygen saturation level of at least 93% on room air, (5) were able
to demonstrate successful use of an MDI, and (6) had at least
1 of the following symptoms of COVID-19: fever, cough, or dyspnea. An age of 12 years was selected as the age threshold for
enrollment, which was consistent with the US Food and Drug
Administration–approved prescribing information for ciclesonide for the maintenance treatment of asthma as prophylactic therapy. Participants were excluded if they (1) had a history of hypersensitivity to ciclesonide, (2) had taken an inhaled
or intranasal corticosteroid within 14 days, (3) had taken oral
corticosteroids within 90 days, (4) had participated in any other
clinical trial or used any investigational agent within 30 days,
(5) had a history of cystic fibrosis, (6) had a history of idiojamainternalmedicine.com
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Key Points
Question Can the inhaled steroid ciclesonide reduce the time to
alleviation of all COVID-19–related symptoms among
nonhospitalized participants with symptomatic COVID-19
infection?
Findings In this randomized clinical trial of 400 patients with
symptomatic COVID-19, ciclesonide did not reduce the time to
alleviation of all COVID-19–related symptoms. However, patients
who were treated with ciclesonide had fewer subsequent
emergency department visits or hospital admissions for reasons
that were related to COVID-19.
Meaning The results of this randomized clinical trial suggest that
future studies of inhaled steroids are needed to explore their
efficacy in patients with a high risk for disease progression and in
reducing the incidence of long-term COVID-19 symptoms or
postacute sequelae of SARS-CoV-2.

pathic pulmonary fibrosis, (7) were receiving treatment with
hydroxychloroquine/chloroquine, or (8) were pregnant.
The study was conducted at 10 centers throughout the US.
Public and private academic and nonacademic sites were represented among the centers. This study was approved by the
Western Institutional Review Board. All participants, parents/
legal guardians, or legally authorized representatives provided written informed consent.

Randomization and Masking
Approximately 400 eligible participants were planned to be
randomized 1:1 to receive treatment with the ciclesonide MDI,
160 μg per actuation, for a total of 2 actuations (AM and PM)
twice a day (total daily dose, 640 μg) plus standard supportive care or placebo MDI twice a day plus standard supportive
care for 30 days. The total daily dose of 640 μg was selected
for this study, which was consistent with the highest recommend daily dose in the US Food and Drug Administration–
approved prescribing information for ciclesonide for the maintenance treatment of asthma as prophylactic therapy.
The ciclesonide MDIs and placebo MDIs were identical in
appearance. The randomization schedule was generated by the
contract manufacturing organization and incorporated into the
labeling of kits. The MDI kits were sent to the study sites in
blocks of 6, with 3 active and 3 placebo kits randomized within
each block. Individual site personnel dispensed individual kits
in order and were masked to the assignment.

Procedures
Participant recruitment varied by site and included advertisements in traditional and social media, as well as referrals from
testing sites and health care clinicians. In-person study visits
were performed on day 0 (enrollment) and day 30. One site performed in-person visits at the participants’ homes, during
which 1 member of the study team traveled to the participants’ homes while other members of the study team joined
via audio/video telemedicine. At the remaining sites, participants traveled to the health care or research facilities of the
sites or were already there, seeking medical care, at the time
of enrollment. In all cases, COVID-19 precautions, such as
(Reprinted) JAMA Internal Medicine January 2022 Volume 182, Number 1
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Supportive care was provided by the qualified health care
clinicians (physicians and nurses) from the research team and
was at the discretion of the individual site investigators. It was
not protocolized, with the exception of the standardized recommendation to seek emergency care for hypoxia. In addition, participants were free to continue to receive care from
nonstudy health care clinicians for COVID-19 and non–COVID19–related conditions throughout the study. There was no unified standard for hospital admission. Once a participant sought
emergency care, the decision to admit the patient to the hospital was made by the treating clinician and was outside the
control of study team.

proper personal protective equipment use, were followed based
on local procedures. All other planned study contact was performed by telephone.
At the enrollment visit, study staff reviewed and documented participants’ comorbidities and concomitant medication use. All medications, including prescription and over the
counter, were included. Each time study team members contacted a participant, they inquired about any changes in
health status, comorbidities, or concomitant medications. A
medication’s use was considered concomitant if its use was
initiated or continued after the administration of an investigational product.
Race and ethnicity data were obtained based on participants’ self-reporting using predefined categories. This information was included in the study because certain racial and
ethnic groups have been shown to be at higher risk for severe
COVID-19 disease progression.10
Participants were instructed on how to self-administer the
MDI at the initial visit by the study team. Metered-dose inhaler
use was reviewed with participants during all follow-up calls.
The MDI technique was not evaluated after the initial visits.
Participants were dispensed a 30-day supply of investigational
product, a pulse oximeter for at-home oxygen saturation level
monitoring, and an electronic diary smartphone application (eDiary). Within 1 hour of self-administration of the investigational
product, participants were to complete and record in their eDiary the presence of COVID-19–related symptoms. During each
self-assessment, participants logged their individual COVID-19–
related symptoms of cough, dyspnea, chills, and feeling feverish using a subjective 4-point scale. Absent symptoms were
scored as 0. Mild, moderate, or severe symptoms were scored
as 1, 2, or 3, respectively. During each self-assessment, participants also logged their individual COVID-19–related symptoms
of repeated shaking with chills, muscle pain, headache, sore
throat, and new loss of taste or smell as either absent or present. Participants received reminders to self-administer the study
medication and log symptoms in the form of push notifications
from their eDiary and scheduled phone calls from the study
team. Qualified health care clinicians contacted participants on
days 2, 4, 6, 8, 10, 12, 14, and 21 (or within 2 days before or after) and conducted a study visit on day 30 (or within 2 days before or after) for a health status check to collect adverse event
and concomitant medication information and confirm and/or
clarify information recorded in the eDiary. The health care clinicians also contacted participants on day 37 (or within 4 days
before or after) and day 60 (or within 7 days before or after) to
collect follow-up safety and outcome data.
Per the protocol, participants were instructed to seek emergency department evaluation if their oxygen saturation level
was less than or equal to 92%. Participants (or their representatives) were asked to notify study personnel directly in the
event that they visited an emergency department or were hospitalized during their participation in the study. Participants
were instructed to continue using the study medication for 30
days, even if symptoms resolved earlier. Continuing the medication for 30 days standardized administration schemes for all
patients and allowed for the evaluation of symptom-based and
non–symptom-based outcome measures.

The primary efficacy analysis was based on the intent-to-treat
(ITT) population (all randomized participants). A sensitivity analysis was performed for the per-protocol (PP) population. Participant eDiary compliance of less than 65% was considered a
major protocol deviation, as a proxy for medication noncompliance. To improve treatment-effect estimation and inference precision, preplanned baseline covariate adjustments were made for
sex, age, race and ethnicity, and body mass index (calculated as
weight in kilograms divided by height in meters squared), as these
are known COVID-19 risk factors.10-13 A Cox proportional hazard
model was used to include these additional covariates. The median time to event and 95% CIs were summarized by treatment
arm, and Kaplan-Meier estimates of the survival curves were generated. A shift table depicting the change in severity of COVID19–related symptoms of cough, dyspnea, chills, and feeling feverish from baseline was presented for each day and point.
The secondary efficacy analysis was based on the ITT
population. A sensitivity analysis was performed for the PP
population. The secondary efficacy end points were analyzed using a logistic regression model.
The ITT population was used to evaluate safety. All adverse events and serious adverse events were coded using

JAMA Internal Medicine January 2022 Volume 182, Number 1 (Reprinted)

jamainternalmedicine.com

Outcomes
The primary outcome was time to alleviation of all COVID19–related symptoms (cough, dyspnea, chills, feeling feverish, repeated shaking with chills, muscle pain, headache,
sore throat, and new loss of taste or smell) by day 30. The
time to alleviation of COVID-19–related symptoms was defined as reporting all COVID-19–related symptoms as absent
for a continuous period of at least 24 hours (ie, at least 3
consecutive AM / PM assessments), as self-reported in the
participant’s eDiary.
The secondary outcomes were to assess whether ciclesonide MDI plus standard supportive care reduced the incidence of subsequent emergency department visits or hospital admissions for reasons related to COVID-19, reduced the
incidence of hospital admissions or death, reduced all-cause
mortality, reduced COVID-19–related mortality, increased the
percentage of participants with alleviation of COVID-19–
related symptoms, and increased the time to hospital admission or death compared with placebo plus standard supportive care. Alleviation of all COVID-19–related symptoms by days
7, 14, and 30 were also compared.

Statistical Analysis
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Figure 1. Trial Profile
413 Patients assessed for eligibility
13 Patients ineligiblea
3 Hypoxia
3 Not experiencing fever, cough, or dyspnea
3 Treatment with inhaled or intranasal steroid use
2 Unable to show adequate MDI technique
2 Life-threatening comorbidity or condition
2 Under consideration for immediate hospitalization
2 Treatment with oral steroids
1 Use of another investigational agent
1 No PCR test within 72 h
1 Withdrawal by patient

AE indicates adverse event;
MDI, metered-dose inhaler;
PCR, polymerase chain reaction.
a

Some potential participants were
excluded for multiple reasons.

b

All randomized participants were
included in the intention to treat
analysis.

c

One participant was hospitalized for
a reason unrelated to COVID-19
(dog bite) but did not discontinue
treatment.

d

One participant in each arm
discontinued treatment because of
a headache that was classified as an
adverse event; neither was
hospitalized.

e

One participant was withdrawn at
the discretion of the physician in the
absence of an adverse event.

400 Enrolled and randomizedb

197 Randomized to ciclesonide

203 Randomized to placebo

19 Discontinued treatment
11 Lost to follow-up
5 Withdrawal by patient
2 AE with hospitalizationc
1 AE without hospitalizationd
178 Completed the treatment protocol

22 Discontinued treatment
9 Lost to follow-up
4 Withdrawal by patient
7 AE with hospitalization
1 AE without hospitalizationd
1 Physician discretione
181 Completed the treatment protocol

Medical Dictionary for Regulatory Activities, version 23.0 (International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use). The data monitoring committee conducted a review of masked safety data
once 100 participants had been enrolled. P< .05 was the threshold for statistical significance.

This trial was prospectively registered with ClinicalTrials.gov
(NCT04377711). The changes made to the primary outcome were
incorporated into the protocol, approved by the institutional
review board, reflected in updates to the study registration, and
had no effect on the data collection process. The final version
of the protocol will be available on ClinicalTrials.gov.

Primary Outcome and Sample Size Changes
The original primary outcome registered was the percentage
of participants with a subsequent emergency department visit
or hospital admission for reasons related to COVID-19 by day
30. The enrollment target of 400 participants was based on
sample size calculations for this original end point.
The primary end point was changed in subsequent versions of the protocol. The final primary outcome, which is the
primary outcome reported in this article, was time to alleviation of all COVID-19–related symptoms by day 30. A primary
outcome based on symptom resolution was chosen rather than
one based on emergency department visits or hospital admission after preliminary data demonstrated substantially lower
than expected rates of emergency department visits or hospitalizations among study participants. For the final primary
outcome, a sample size of approximately 232 patients (116 per
arm) was required to achieve 90% power at α = .05. This was
based on the assumptions that there would be a median time
to alleviation of symptoms of 7 days for the ciclesonide arm
and 11 days for the placebo arm (hazard ratio [HR] of approximately 1.58) with a total study duration of 30 days. The larger
enrollment target of 400 participants was maintained to account for an unknown dropout rate in this patient population, as well as other factors that may have affected the overall power of the study (eMethods in Supplement 2).

From June 11, 2020, to November 3, 2020, 413 participants were
screened and 400 (96.9%) were enrolled and randomized (197
[49.3%] in the ciclesonide arm and 203 [50.7%] in the placebo
arm) (eTable 1 in Supplement 2). Sixteen participants (4.0%) were
younger than 18 years (9 in the ciclesonide arm and 7 in the placebo arm), with the youngest participant being age 13 years. All
randomized participants received at least 1 dose of investigational product and were included in the ITT and safety populations. The PP population included 377 participants (94.3%; 184
[93.4%] participants in the ciclesonide arm and 193 [95.1%] participants in the placebo arm). One participant in the ciclesonide arm was excluded from the PP population because of a
pregnancy test being performed before signing the informed consent, and the remaining 22 participants (12 in the ciclesonide arm,
10 in the placebo arm) were excluded from the PP population
because of a diary compliance of less than 65%.
Overall, 359 participants (89.8%; 178 participants [90.4%]
in the ciclesonide arm and 181 participants [89.2%] in the placebo arm) completed the study and 41 participants (10.3%; 19
[9.6%] and 22 [10.8%], respectively) discontinued participation. For participants in both arms, the most common reason
for discontinuation was that participants were lost to fol-

jamainternalmedicine.com

(Reprinted) JAMA Internal Medicine January 2022 Volume 182, Number 1

Results

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 01/23/2022

45

Research Original Investigation

Efficacy of Inhaled Ciclesonide for Outpatient Treatment of Adolescents and Adults With Symptomatic COVID-19

Table 1. Participants’ Demographic Characteristics, Medical Histories, and Concomitant Medications
No. (%)
Characteristic

Ciclesonide (n = 197)

Placebo (n = 203)

Overall (N = 400)

Age, mean (SD) [range], y

43.7 (17.53) [13-87]

42.9 (16.28)
[14-83]

43.3 (16.89) [13-87]

Participants <18 y

9 (4.6)

7 (3.4)

16 (4.0)

Male

85 (43.1)

94 (46.3)

179 (44.8)

Female

112 (56.9)

109 (53.7)

221 (55.3)

Asian

1 (0.5)

1 (0.5)

2 (0.5)

Black or African American

20 (10.2)

27 (13.3)

47 (11.8)

Native Hawaiian or other Pacific Islander

1 (0.5)

2 (1.0)

3 (0.8)

White

174 (88.3)

171 (84.2)

345 (86.3)

Multiracial

0

1 (0.5)

1 (0.3)

1 (0.5)

1 (0.5)

2 (0.5)

86 (43.7)

86 (42.4)

172 (43.0)

111 (56.3)

117 (57.6)

228 (57.0)

28.8 (6.06)

30.0 (6.87)

29.4 (6.50)

Hypertension

47 (23.9)

42 (20.7)

89 (22.3)

Drug hypersensitivityd

21 (10.7)

30 (14.8)

51 (12.8)

Hyperlipidemia

20 (10.2)

16 (7.9)

36 (9.0)

Type 2 diabetes

22 (11.2)

8 (3.9)

30 (7.5)

Asthma

18 (9.1)

8 (3.9)

26 (6.5)

Sex

Race

Other

a

Ethnicity
Hispanic or Latino
Not Hispanic or Latino
Body mass index, mean (SD)

b

a

Other was a single predefined
category.

b

Calculated as weight in kilograms
divided by height in meters
squared.

c

Medical histories occurring at a
difference of more than 2.0%
between treatment arms.

d

A reported history of an allergy to
any medication.

e

Selected concomitant medications
of interest. A medication’s use was
considered concomitant if it was
initiated or continued after
administration of investigational
product. Concomitant medications
were classified based on the
Anatomical and Therapeutic Class of
World Health Organization drug,
preferred term, and treatment
group.

f

Symptoms of cough, dyspnea, chills,
and feeling feverish as subjectively
rated by participants at time of
enrollment.

Medical historyc

Selected concomitant medicationse
Paracetamol

105 (53.3)

109 (53.7)

214 (53.5)

Nonsteroidal antiinflammatory drugs

39 (19.8)

48 (23.6)

87 (21.8)

Antibiotics

12 (6.1)

8 (3.9)

20 (5.0)

Antivirals

1 (0.5)

3 (1.5)

4 (1.0)

Monoclonal antibodies

1 (0.5)

0

1 (0.3)

5 (2.5)

9 (4.4)

14 (3.5)

74 (36.5)

154 (38.5)

Baseline symptom severityf
One or more severe symptoms

One or more moderate or severe symptoms 80 (40.6)

46

low-up (11 participants [5.6%] in the ciclesonide arm and 9 participants [4.4%] in the placebo arm) (Figure 1).
In the ITT population, 221 participants (55.3%) were female, 47 (11.8%) were Black or African American, and 172 (43.0%)
were Hispanic or Latino. The ciclesonide arm had higher rates
of type 2 diabetes (22 participants [11.2%] in the ciclesonide arm
and 8 participants [3.9%], P = .01) and asthma (18 participants
[9.1%] in the ciclesonide arm and 8 participants [3.9%]; P = .04);
otherwise, demographic characteristics, medical histories, and
concomitant medications of interest were not different between the arms (Table 1). No participants were treated with
remdesivir during the study.
The primary efficacy outcome was to assess whether treatment with ciclesonide MDI plus standard supportive care resulted in improved time to alleviation of all COVID-19–related
symptoms of cough, dyspnea, chills, feeling feverish, repeated
shaking with chills, muscle pain, headache, sore throat, and new

loss of taste or smell compared with placebo plus standard supportive care in nonhospitalized participants with symptomatic
COVID-19 infection. In the ITT population, 139 of 197 participants (70.6%) in the ciclesonide arm and 129 of 203 participants (63.5%) in the placebo arm experienced alleviation of all
symptoms. Kaplan-Meier estimates of the median time to alleviation of COVID-19–related symptoms were 19.0 days (95% CI,
14.0-21.0) in the ciclesonide arm and 19.0 days (95% CI, 16.023.0) in the placebo arm (Figure 2). The HR for the comparison
of ciclesonide vs placebo based on a Cox proportional hazards
regression model was 1.08 (95% CI, 0.84-1.38) (Figure 3). There
was no difference in the time to alleviation of cough (HR, 1.09;
95% CI, 0.87-1.36), dyspnea (HR, 0.96; 95% CI; 0.77-1.19), loss
of taste and smell (HR, 0.92; 95% CI, 0.75-1.13), or any of the other
individual symptoms studied. There was also no difference in
time to elevation of all symptoms exclusive of loss of taste and
smell (HR, 1.10; 95% CI, 0.87-1.40).
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Figure 2. Kaplan-Meier Curve of Time to Alleviation
of COVID-19–Related Symptoms
1.0

Proportion of patients

Participants who received ciclesonide experienced fewer occurrences of emergency department visits or hospital admissions
for reasons related to COVID-19 by day 30 compared with those
who received placebo (1.0% vs 5.4%; odds ratio [OR], 0.18; 95%
CI; 0.04-0.85; P = .03). No other secondary outcomes reached statistical significance. The most common symptoms reported on
day 30 were cough (11.7% vs 12.3%; P = .88), muscle pain (9.6%
vs 8.9%; P = .86), and dyspnea (10.2% vs 7.9%; P = .49).
The results of the analysis of secondary efficacy outcomes
for the ITT population, including P values and ORs (95% CI) for
the comparison of ciclesonide vs placebo based on a logistic regression model that was adjusted for baseline covariates of sex,
age, and baseline body mass index, are shown in Table 2. Sensitivity analyses for the primary and secondary efficacy end
points showed similar results as those from the corresponding
primary analyses. Participants with at least 1 moderate or severe symptom of cough, dyspnea, chills, or feeling feverish had
a similar time to alleviation of those symptoms than those who
had only mild symptoms (eTable 2 in Supplement 2).
Adverse events were reported by 22 participants (11.2%)
in the ciclesonide arm and 29 participants (14.3%) in the placebo arm (eTable 3 in Supplement 2). Most adverse events were
mild to moderate in severity. Oral candidiasis was reported in
1 participant (0.5%) in each of the study arms. Dry mouth was
reported in 3 participants (1.5%) in the ciclesonide arm and 1
participant (0.5%) in the placebo arm. Distinct from the participants’ eDiary reporting, headache was reported as an adverse event in 1 participant (0.5%) in the ciclesonide arm and
4 participants (0.5%) in the placebo arm. One participant (0.5%)
in each arm reported a headache that was judged to be an adverse event in the opinion of the site principal investigators
and was subsequently discontinued from the protocol. No participants died during the trial.
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0.8

0.6
Placebo
0.4
Ciclesonide
0.2

0
0

2

4

6

8

10 12 14 16 18 20 22 24 26 28 30

Time to event, d
No. at risk
Ciclesonide 197 192 179 169 153 141 131 108 101 95 85 73 64 55 53
203 197 185 172 160 150 129 116 105 95 87 83 78 72 62
Placebo

0
0

No statistically significant difference was observed between
participants who were treated with ciclesonide vs placebo for
the primary efficacy end point.
These composite efficacy outcomes were based on resolution of all COVID-19 symptoms. It is not uncommon for patients with COVID-19 to continue to have 1 or more mild lingering symptoms as they convalesce. In particular, loss of smell is
a frequently reported symptom of COVID-19 that can be present for 3 weeks or longer for many patients.14 The end point of
complete symptom recovery across all COVID-19 symptoms may
have masked a significant population who were able to safely
return to their baseline activities and were no longer at high risk
for transmission, but who did not yet have complete symptom
resolution.
In this study, participants who were treated with ciclesonide were less likely to have a subsequent emergency department visit or hospital admission for reasons related to COVID-19
by day 30 (1.0% vs 5.4%; P = .03). The sensitivity analysis conducted on the PP population showed similar results. While secondary outcomes are considered exploratory, this was originally the primary outcome that was included in the initial study

registration. This outcome may be more relevant to the patients and health care systems than complete resolution of symptoms. Inhaled steroids may represent a relatively low-cost intervention to prevent emergency department visits or hospital
admissions due to COVID-19. In this study, the number needed
to treat to prevent emergency department visits or hospital admissions due to COVID-19 was 23.
Most participants did not report any moderate or severe
symptoms at the time of enrollment. Furthermore, there were
few hospitalizations and no deaths in this study. It is possible that
patients with more severe symptoms or who were at higher risk
for disease progression may have been less likely to volunteer to
participate in an outpatient study during the pandemic. A study
that focused on patients with severe symptoms or who were at
high risk for disease progression may have yielded different results. Further studies of the efficacy of inhaled steroids among
populations of pediatric patients, geriatric patients, and patients
with known risk factors are needed to explore the efficacy of inhaled steroids among patients at higher risk for severe disease
progression, hospitalization, and death of COVID-19.
Corticosteroids are commonly used in treating various respiratory diseases.15 Specifically, ciclesonide has been shown
to have antiinflammatory properties in lung and bronchial tissues with minimal systemic effects.15 Inhaled corticosteroids
have been shown to downregulate angiotensin-converting enzyme 2 expression.6 Ciclesonide has been shown to inhibit the
PAK1 enzyme in cells, a pathogenic pathway for COVID-19 that
is associated with angiotensin-converting enzyme 2. By inhibiting PAK1, ciclesonide reduces immune suppression and
decreases lung inflammation.16 In addition, ciclesonide is believed to target the nonstructural proteins of the COVID-19 virus. This targeting, in vitro, has been shown to hinder viral
replication.7,17
Two recent open-label, randomized clinical trials of inhaled budesonide in the treatment of patients with COVID-19
demonstrated a decreased need for COVID-19–related urgent
medical care18 and hospitalizations or death,19 which is consistent with this study’s findings. Unlike this study’s findings, the studies of budesonide also demonstrated a decreased time to symptom resolution.18,19
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Figure 3. Cox Regression of Time to Alleviation of COVID-19–Related Symptoms
Favors slower
symptom
resolution

HR
(95% CI)

Covariates
Treatment: ciclesonide vs placebo

1.08 (0.84-1.38)

Sex: male vs female

1.05 (0.82-1.35)

Age

0.99 (0.98-1.00)

Favors faster
symptom
resolution

Race and ethnicity
Other vs White

6.26 (1.51-25.98)

Black or African American vs White

0.69 (0.44-1.07)

Asian vs White

0.61 (0.08-4.36)

Native Hawaiian or Other Pacific Islander vs White

1.08 (0.26-4.39)

Baseline BMI category
30-39.9 vs 18.5-24.9

0.66 (0.47-0.94)

≥40 vs 18.5-24.9

0.79 (0.43-1.43)

<18.5 vs 18.5-24.9

0.88 (0.35-2.20)

25-29.9 vs 18.5-24.9

0.99 (0.72-1.38)
–10

0

10

20

30

ITT population HR (95% CI)

BMI indicates body mass index
(calculated as weight in kilograms
divided by height in meters squared);
HR, hazard ratio; ITT, intent to treat.

Table 2. Secondary Efficacy Outcomes
No. (%)
Ciclesonide
(n = 197)

Placebo
(n = 203)

Results, ciclesonide vs
placebo, OR (95% CI)

P value

2 (1.0)

11 (5.4)

0.18 (0.04-0.85)

.03

Participants with hospital admission or death 3 (1.5)
by day 30, %a

7 (3.4)

0.45 (0.11-1.84)

.26

All-cause mortality by day 30

0

0

NA

NA

COVID-19–related mortality by day 30

0

0

NA

NA

Participants with alleviation of
COVID-19–related symptoms by day 7, %

28 (14.2)

29 (14.3)

0.92 (0.51-1.66)

.79

Participants with alleviation of
COVID-19–related symptoms by day 14, %

81 (41.1)

76 (37.4)

1.19 (0.78-1.81)

.43

Participants with alleviation of
COVID-19–related symptoms by day 30, %

139 (70.6)

129 (63.5)

1.28 (0.84-1.97)

.25

Secondary efficacy end point
Participants with subsequent emergency
department visit or hospital admission for
reasons related to COVID-19 by day 30, %

a

Hazard ratio for time to hospital
admission or death (ciclesonide vs
placebo) (95% CI): 0.39 (0.09-1.65).

COVID-19 has been noted to manifest with a wide variety
of dynamically changing symptoms. Adverse events were
evaluated by the site investigators without knowledge of
the participants’ treatment assignment. Specific symptoms,
such as headache, were adjudicated to be an adverse event if,

in the opinion of the principal investigator, they were outside
of what would be expected of the participant’s COVID-19 disease progression or if they were associated with a need for
emergency care or hospitalization. This may have led to
actual adverse event symptoms being incorrectly attributed
to COVID-19 disease progression or symptoms of COVID-19
disease progression incorrectly adjudicated as adverse
events.
In this study, symptom resolution was defined as 3 consecutive AM/PM eDiary entries that reported no symptoms.
Missed eDiary entries may have caused participants to
appear to have a longer duration of symptoms then they actually had. Participants in the treatment arm were more likely
to have asthma and type 2 diabetes, which are known risk factors for severe COVID-19 disease12; therefore, they may have
been at higher risk for disease progression.
Participants younger than 18 years comprised only 4% of
the sample; this small number prevented a meaningful analysis of the efficacy of the inhaled corticosteroids in pediatric
patients with COVID-19. Use of inhaled or systemic steroids
were part of the exclusion criteria. This may have excluded potential participants with comorbidities, such as moderate to
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Among the various completed or ongoing trials
(NCT04193878, NCT04330586, NCT04331054, NCT04331470,
NCT04355637, NCT04356495, NCT04377711, NCT04381364,
NCT04416399, and ISRCTN86534580) of inhaled corticosteroids
for the treatment of COVID-19, few use a double-blinded design.
A double-blinded design, like the one used in this study, is
especially critical when relying on participant-dependent end
points, such as self-reported symptoms and the decision to seek
emergency department care.
This study followed participants for 60 days. As the pandemic continues, a growing population of patients with longterm COVID-19 symptoms or postacute sequelae of SARSCoV-2 beyond 12 weeks has emerged.20 Longer-term studies
are needed to better understand factors that may affect this
growing subset of patients.
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48

Abbreviations: NA, not applicable;
OR, odds ratio.
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severe asthma or chronic obstructive pulmonary disease, who
may have benefited from the addition of an inhaled steroid.
With the exception of a standardized recommendation to
seek emergency care for an oxygen saturation level of 92% or
less, supportive care was not protocolized and was at the discretion of the site investigators. This and the fact that participants were free to obtain medical care from nonstudy health
care clinicians may have led to variations in treatments among
sites and individual participants.
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