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ABSTRACT
OBJECTIVE
To determine if inhaled and intranasal ciclesonide 
are superior to placebo at decreasing respiratory 
symptoms in adult outpatients with covid-19.
DESIGN
Randomised, double blind, placebo controlled trial.
SETTING
Three Canadian provinces (Quebec, Ontario, and 
British Columbia).
PARTICIPANTS
203 adults aged 18 years and older with polymerase 
chain reaction confirmed covid-19, presenting with 
fever, cough, or dyspnoea.
INTERVENTION
Participants were randomised to receive either inhaled 
ciclesonide (600 μg twice daily) and intranasal 
ciclesonide (200 μg daily) or metered dose inhaler 
and nasal saline placebos for 14 days.
MAIN OUTCOME MEASURES
The primary outcome was symptom resolution at 
day 7. Analyses were conducted on the modified 
intention-to-treat population (participants who 
took at least one dose of study drug and completed 
one follow-up survey) and adjusted for stratified 
randomisation by sex.
RESULTS
The modified intention-to-treat population included 
203 participants: 105 were randomly assigned 
to ciclesonide (excluding two dropouts and one 
loss to follow-up) and 98 to placebo (excluding 
three dropouts and six losses to follow-up). The 
median age was 35 years (interquartile range 27-47 
years) and 54% were women. The proportion of 

participants with resolution of symptoms by day 7 
did not differ significantly between the intervention 
group (42/105, 40%) and control group (34/98, 
35%); absolute adjusted risk difference 5.5% (95% 
confidence interval −7.8% to 18.8%). Results might 
be limited to the population studied, which mainly 
included younger adults without comorbidities. The 
trial was stopped early, therefore could have been 
underpowered.
CONCLUSION
Compared with placebo, the combination of inhaled 
and intranasal ciclesonide did not show a statistically 
significant increase in resolution of symptoms among 
healthier young adults with covid-19 presenting with 
prominent respiratory symptoms. As evidence is 
insufficient to determine the benefit of inhaled and 
intranasal corticosteroids in the treatment of covid-19, 
further research is needed.
TRIAL REGISTRATION
ClinicalTrials.gov NCT04435795.

Introduction
In 2020, SARS-CoV-2 rapidly emerged in a global 
pandemic. Complications from covid-19 range 
from mild to severe, with some people remaining 
relatively asymptomatic and others requiring hospital 
admission, intubation, and critical care. Although 
several successful treatments have been identified for 
patients with covid-19 admitted to hospital, including 
dexamethasone,1 heparin,2 and tocilizumab,3 treatment  
options for outpatients have lagged. Although 
combination monoclonal antibody therapy seems to 
decrease rates of medically attended visits in higher 
risk patients,4 it is costly, not universally available, 
and, unlike oral and inhaled treatments, is complex 
to administer. Hence, the standard of outpatient care 
for most healthy adults remains supportive measures 
and quarantine. Nonetheless, infected patients can 
have a substantial symptom burden from cough and 
dyspnoea, and a subset might go on to require hospital 
admission. A safe, inexpensive treatment that can 
be administered at home and that reduces symptom 
burden and hospital admission is still urgently needed.

In February 2020, 5406 compounds, including 2069 
US Food and Drug Administration approved drugs, 
were tested for antibodies to Middle East respiratory 
syndrome related coronavirus by determining viral 
spike protein expression in infected Vero cells.5 Twelve 
compounds were selected that had shown >70% 
activity to antibodies against Middle East respiratory 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Treatments for adult outpatients with covid-19 are urgently needed
Recent clinical trials have shown efficacy of steroids in patients admitted to 
hospital with respiratory symptoms who require oxygen
Only two other trials of inhaled steroids suggest an impact on earlier resolution 
of symptoms in adult outpatients; however, those trials were non-placebo 
controlled

WHAT THIS STUDY ADDS
Compared with placebo, the combination of inhaled and intranasal ciclesonide 
was not associated with an appreciable increase in symptom resolution among 
healthier young adults with covid-19 who presented with cough, dyspnoea, or 
fever
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syndrome related coronavirus.5 Ciclesonide, a 
corticosteroid used in inhaled form to treat asthma and 
intranasally to treat allergic rhinitis, was identified 
as one of those drugs. In addition to its intrinsic anti-
inflammatory function, ciclesonide showed a potent 
antiviral effect when specifically screened for activity 
against SARS-CoV-2.6 On the basis of in vitro data and 
the known anti-inflammatory effect of ciclesonide, 
we hypothesised that ciclesonide administered early 
in the course of covid-19 could decrease symptom 
burden in adults presenting with prominent respiratory 
symptoms.

Methods
Study design
We conducted a randomised, double blind, placebo 
controlled trial (Inhaled Ciclesonide for the Treatment 
of COVID-19 in Nonhospitalized Adults (CONTAIN)) 
to evaluate the resolution of symptoms in adults with 
covid-19 presenting with predominantly respiratory 
symptoms. Participants were randomly assigned in 
a 1:1 ratio to receive either inhaled and intranasal 
ciclesonide or inhaled and intranasal placebo. 
Investigators, participants, and statisticians were 
blinded to treatment allocation. In the province of 
Quebec, recruitment occurred primarily through social 
media and by telephone contact of people who had 
tested positive for SARS-Cov-2 at the McGill University 
Health Centre. In Ontario, participants were recruited 
from a virtual covid-19 telehealth clinic at Sunnybrook 
Health Sciences Centre. In British Columbia, one health 
authority provided access to its regional list of people 
who had tested positive for SARS-CoV-2 and they were 
contacted and recruited by telephone. Participants 
were recruited province-wide from across Quebec, from 
the catchment area serviced by Sunnybrook Health 
Science Centre in Ontario and from the Vancouver 
Coastal Health region in British Columbia.

Participants self-screened and, if eligible, enrolled 
through a secure internet based survey using the 
Research Electronic Data Capture system. Participants 
provided an electronic signature after reading a 
consent form online and answering a series of 
comprehension questions. A survey was completed 
on the day of enrolment, on day 0 (the day treatment 
was received, before initiation), and on days 1, 3, 7, 
10, and 14. A follow-up survey was sent on day 29 to 
capture longer term outcomes (reported separately). 
Participants were sent reminder emails if they did not 
complete surveys, or they were contacted by telephone 
to capture outcomes. All participants provided an 
emergency contact number in the event they did not 
respond to email or telephone calls. The emergency 
contact number was used (maximum 10 attempts) to 
determine if failure to respond to emails and phone 
calls was secondary to illness or death.

We hypothesised that treatment would be most 
effective if given early in the disease process. As such, 
we aimed to recruit participants within five days of 
a positive polymerase chain reaction test result for  
SARS-CoV-2 and symptom onset.

Protocol changes and rationale
Because of the evolving covid-19 pandemic and the 
rapidity of new information available to investigators, 
we made changes to the protocol and the trial was 
stopped early. Protocol changes and details related 
to stopping the trial are reported according to the 
CONSERVE (CONSORT and SPIRIT Extension for RCTs 
Revised in Extenuating Circumstances) extension 
to the Consolidated Standards of Reporting Trials 
checklist. Protocol changes were approved by Health 
Canada as clinical trial amendments.

In September 2020, before participants were 
enrolled, we updated our sample size based on the 
results of a similar outpatient covid-19 trial in which our 
group had participated. That trial showed about 65% 
symptom resolution by day 7 and defined the primary 
outcome of the trial as the proportion of participants 
with resolution of respiratory symptoms by day 7.

In October 2020, as some regions were able to provide 
same day shipping, inclusion criteria were broadened to 
extend the onset of symptom duration from five to six 
days, only if the study drug could be delivered on the same 
day as enrolment. In our original protocol we included 
people who had had symptoms for five or fewer days but 
permitted next day shipping, effectively including some 
people with symptoms for six days. The study was run 
before the major roll out of the vaccination campaign in 
Canada. On 28 January 2021, the investigators decided 
to exclude vaccinated participants from the trial as they 
were hypothesised to have a reduced symptom burden 
and faster resolution of symptoms. No vaccinated 
participants were included in the trial.

At the end of May 2021, rates of vaccination in 
Canada were increasing rapidly and case numbers were 
declining noticeably. In the first two weeks of June, 
enrolment dropped off substantially from a peak of 22 
participants each week to fewer than two participants 
each week across the country. A meeting with the 
data safety and monitoring board was held with 215 
participants enrolled (203 in the modified intention-
to-treat population) and without unblinding, as we 
noted that overall symptom resolution at day 7 was 
about 37% compared with the projected 65%. This 
was thought to be related to enrichment of participants 
with respiratory symptoms at enrolment. It was also 
noted that the STOIC trial (Inhaled Budesonide in the 
Treatment of Early COVID-19) had been reported and 
that budesonide was beginning to appear in provincial 
outpatient guidelines. Based on the drop off in newly 
diagnosed patients as we reached the summer months, 
and with the projected further increase in vaccination 
rates, we determined that we would be unable to recruit 
the intended sample size or to recruit to a larger sample 
size required to meet the intended effect size. With the 
permission of the data safety monitoring board, the 
study was terminated early for expected futility to meet 
total enrolment.

Participants
We included adults aged 18 years and older who had 
polymerase chain reaction confirmed covid-19 at 
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enrolment with at least one of the symptoms of fever, 
cough (wet or dry), or shortness of breath (including 
dyspnoea, chest congestion, or chest tightness as 
synonyms). People were excluded if they were admitted 
to hospital, had only non-respiratory symptoms 
(eg, nasal congestion, myalgias, or gastrointestinal 
symptoms), had already been prescribed an 
inhaled steroid, or met other exclusion criteria (see 
supplementary appendix and trial protocol). All 
participants provided consent online.

Randomisation and masking
Randomisation was done centrally at the research 
pharmacy of the McGill University Health Centre in 
Montreal, Canada. The trial statistician generated 
a permuted block randomisation sequence using 
variably sized blocks of 2, 4, 6, and 8, with stratification 
according to sex. An unblinded research assistant 
sequentially assigned participants. The assignments 
were concealed from investigators and participants; 
only pharmacies and a central research assistant had 
access to the treatment allocation.

Procedures
Inhaled and intranasal ciclesonide were dispensed 
and shipped overnight to participants by commercial 
courier—except for participants who were enrolled on 
day 6 of their symptoms, who received the product the 
same day. The recommended dose range of inhaled 
ciclesonide for asthma is 100-800 µg/day,7 and 200 
µg/day of the intranasal form is recommended for 
allergic rhinitis. As the specific dose of ciclesonide for 
the treatment of covid-19 was unknown, we gave a 
higher total daily dose (1200 µg divided twice daily) 
along with the usual dose of intranasal ciclesonide 
(200 µg/day) for 14 days. The control group received 
a saline placebo metered dose inhaler and intranasal 
saline of a similar appearance to ciclesonide at the 
same dosing schedule.

Outcomes
Participants self-reported outcome data for the 14 
days after enrolment, including improvement in 
covid-19 related respiratory symptoms, other covid-19 
symptoms, adherence to the trial intervention, side 
effects, and hospital admissions. Details of trial 
conduct are provided in the protocol and statistical 
analysis plan in the supplementary file.

We prespecified the primary outcome as the 
resolution of self-reported fever and all respiratory 
symptoms at day 7 of treatment. Respiratory symptoms 
included cough (wet or dry) or dyspnoea (which 
included the description of shortness of breath, chest 
congestion, or chest tightness as synonyms).

Key secondary outcomes included hospital admission 
or death with covid-19. Other secondary outcomes 
include evaluation of the primary outcome at day 14, 
improvement in overall feeling (self-reported feeling 
much or very much better) by days 7 and 14, resolution 
of dyspnoea (defined as the absence of shortness of 
breath, chest tightness, or chest congestion) in the 

subset who reported a dyspnoea equivalent at baseline 
on days 7 and 14, improvement in cough at days 7 and 
14 (defined as a 2 point decrease or a decrease to 0 
on a visual analogue scale that ranged from 0 for no 
symptoms to 10 for severe symptoms) in those who 
had cough at baseline, improvement in shortness of 
breath as measured by the PROMIS (patient reported 
outcomes measurement information system) dyspnoea 
score,8 in sleep as measured by the PROMIS sleep 
disturbance score 4a,9 and anxiety as measured by 
the PROMIS emotional distress anxiety score 7a (with 
meaningful improvement defined as a ≥3 point change 
on the T score).10

On each survey we collected adverse events using 
a combination of open ended free text questions 
about perceived side effects (which were categorised 
thematically) as well as specific questions about the 
presence of thrush, throat irritation, voice change, 
wheeze, nausea, and headache. Participants were 
also able to email or phone the study investigators if 
they developed worsening symptoms of covid-19 or 
possible side effects from the study drug, and these 
events were recorded.

Statistical analysis
Based on a previous covid-19 treatment trial with 
hydroxychloroquine, which was conducted in a similar 
population and used patient reported outcomes,11 
we anticipated that symptoms would resolve in 65% 
of participants by day 7 of treatment. Using Fisher’s 
exact method with a 15% absolute risk to increase 
the proportion with resolution of symptoms to 80%, a 
two sided α of 0.05, and 80% power, and accounting 
for up to a 15% dropout rate, we estimated that 318 
participants (159 in each group) would need to be 
enrolled.

Interim analyses
An independent data safety monitoring board 
reviewed the data after 50% of participants had been 
enrolled. No stopping criteria were provided, and the 
trial continued. A second meeting of the data safety 
monitoring board was held at the end of May in 2021, 
which led to the trial stopping early.

Analysis
TCL and AB analysed the data blinded to intervention 
group. We used binomial regression with an identity link 
to calculate risk differences for all proportions, which 
were adjusted for stratification by sex.12 All analyses 
were conducted with STATA software version 17 
according to the modified intention-to-treat principle, 
with two sided type I error with an α of 0.05. All risks 
and risk differences are presented as percentages. 
Participants were included in the modified intention-
to-treat analysis if they received the shipped study 
drug, took at least one dose, and completed at least one 
follow-up survey. To avoid problems related to multiple 
comparisons, we present P values only for the primary 
outcome. For participants with missing survey data, 
we carried forward their last day’s survey response. 
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We also conducted a per protocol analysis, which 
excluded participants who were non-adherent to the 
study protocol (see supplementary file for definition). 
Prespecified subgroups included age older and younger 
than 40 years, sex, day of treatment initiation (day 
1, 2, or 3 v day 4, 5, or 6), smoking status, ethnicity 
(white v other), number of baseline symptoms of fever, 
cough, or dyspnoea (1, 2, or 3), and before and after the 
emergence of the alpha variant (March 2021).

Patient and public involvement
No patients or members of the public were involved 
in this research. Owing to the covid-19 pandemic and 
the rapidity with which the trial was started we did not 
involve members of the public while our trial was being 
implemented. We used the validated PROMIS patient 
reported outcome scores, which have been developed 
with patients with funding from the National Institutes 
of Health.

Results
Enrolment to the trial began on 15 September 2020 
in Quebec, 9 February 2021 in Ontario, and 22 March 
2021 in British Columbia. The last participants were 
recruited on 8 June 2021.

Overall, 215 participants were randomised, and the 
modified intention-to-treat population included 203 
adults with respiratory symptoms or fever. Participants 
were assigned to either inhaled and intranasal 
ciclesonide (n=105; excluding two dropouts and 
one loss to follow-up) or inhaled and intranasal 
saline placebo (n=98; excluding three dropouts and 
six losses to follow-up) (fig 1). The median age of 
participants was 35 years (interquartile range 27-
47 years) and 54% (n=109) were women. Table 1 
shows the personal and clinical characteristics of the 
participants. A total of 20% (n=41) reported a chronic 

health condition and only 7% (n=15) were smokers. Of 
the mandatory symptoms for study inclusion, cough 
was the most prevalent (86%; n=175), followed by 
dyspnoea, shortness of breath, chest tightness, or chest 
congestion (50%; n=101) and fever (46%; n=93).

Fever and respiratory symptoms had resolved in 37% 
(n=76) of participants by day 7. The proportion with 
resolved symptoms by day 7 did not differ significantly 
between the intervention group (42/105, 40%) and 
control group (34/98, 35%) (table 2). The adjusted risk 
difference was 5.5% (95% confidence interval −7.8% 
to 18.8%). The per protocol analysis was comparable, 
with an adjusted risk difference of 3.4% (−10.4% to 
17.1%).

The proportion of participants with resolved 
symptoms at day 14 also did not differ significantly 
between the two groups, with 66% (69/105) showing 
resolution of symptoms by day 14 in the ciclesonide 
group compared with 58% (57/98) in the placebo 
group, with an adjusted risk difference of 7.5% (95% 
confidence interval −5.9% to 20.8%). Six participants 
in the ciclesonide group and three in the placebo group 
were admitted to hospital. No deaths occurred. The 
supplementary file presents the subgroup analyses 
along with the results of the PROMIS sleep, anxiety, 
and dyspnoea questionnaires, which did not detect 
statistically significant differences between groups.

Overall adherence was high—94% of participants 
in the ciclesonide group (99/105) and 93% in the 
placebo group (91/98) took the study drug on most 
survey days or at least until symptom resolution. Side 
effects were reported in 22% (23/105) of participants 
in the ciclesonide group and 15% (15/98) in the 
placebo group (table 3). The most common reported 
side effects were headache and nausea, and these 
were more common in the treatment group. Overall, 
blinding was well maintained (see supplementary file).

Participants assessed for eligibility
522

Enrolled and randomised
215

Excluded
Discontinued treatment
Lost to follow-up (took one
  dose then stopped contact)
Withdrew

3
3

3

Included in modified intention-to-treat analysis

9

Ineligible

Assigned to ciclesonide

307

108
Assigned to placebo

107

98

Excluded
Discontinued treatment
Lost to follow-up (took one
  dose then stopped contact)
Took off-label inhaled steroid

1
1

1

Included in modified intention-to-treat analysis

3

105

Fig 1 | Flow of participants through study
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Discussion
In this randomised double blind placebo controlled 
trial of intranasal and inhaled ciclesonide for the 
early treatment of covid-19, we were unable to detect 
a statistically significant improvement in respiratory 
symptoms of at day 7. Participants in this study 
were young and healthy and had a high burden of 
symptomatic respiratory disease. Most had a cough, 
and many had shortness of breath, chest congestion, 
and chest tightness. Adherence to the study drug was 
excellent, and blinding was adequately maintained. 
For the most part, treatment was initiated early in 

the course of the disease (median time to enrolment 
three days after the development of symptoms) and 
despite receiving a high dose of inhaled and intranasal 
ciclesonide, participants were not more likely to show 
symptom resolution by day 7 or 14 than those who 
received placebo.

Comparison with other studies
Two other randomised controlled trials of inhaled 
corticosteroids have been conducted. STOIC (Steroids 
in COVID-19) was an open label trial that compared 
inhaled budesonide with no budesonide in 146 adults 
with cough and with fever or anosmia, or both.13 The 
primary outcome was a composite of visits for urgent 
care, emergency department visits, and hospital 
admission. In a modified intention-to-treat analysis 
(n=139), the primary outcome occurred in 11 (15%) 
participants in the usual care group and two (3%) 
in the budesonide group (difference in proportions 
0.12, 95% confidence interval 0.03 to 0.21; P=0.009). 
Clinical recovery was also one day shorter in the 
budesonide group than usual care group (median 7 
days (95% confidence interval 6 to 9 days) v 8 days (7 
to 11 days); log rank test P=0.007). The lack of placebo 
and the lack of blinding of study nurses, however, 
might have led to bias in care seeking behaviour in the 
usual care arm. This is especially relevant as inhaled 
drugs have been shown to have substantial placebo 
effects in respiratory diseases.14 The inclusion of 
urgent care visits (as opposed to hospital admissions) 
could have exacerbated this bias.

A second open label trial, the Platform Randomised 
Trial of Treatments in the Community for Epidemic 
and Pandemic Illnesses (PRINCIPLE) study15 also 
suggested a possible effect of inhaled budesonide, with 
a benefit in time to first self-reported recovery of 2.94 
days (95% bayesian credible interval 1.19 to 5.12 days) 
(11.8 days (10.0 to 14.1 days) in the budesonide group 
v 14.7 days (12.3 to 18.0 days) in the usual care group; 
hazard ratio 1.21 (95% bayesian credible interval 1.08 
to 1.36)). The observed effect on symptom resolution 
was equally apparent among participants aged 50 to 
65 years with comorbidities, and in people older than 
65 years. Although our study was unable to detect a 
statistically significant effect on symptom resolution, 
we mainly enrolled younger, healthier participants. 
Similar to STOIC, a crucial limitation of the PRINCIPLE 
trial was a lack of placebo control such that the 
comparison of inhalers with usual care rendered it 
prone to the same potential for placebo effect and bias 
in healthcare seeking behaviour as the STOIC trial.

Strengths and limitations of this study
Our study has several strengths. It was placebo 
controlled, minimising bias; we explored adjunctive 
intranasal corticosteroids that directly deliver 
drugs to the nasal epithelium, the site of early viral 
replication; we selected the corticosteroid ciclesonide, 
which has in vitro antiviral effects6 and known anti-
inflammatory effects; and we studied a high dose to 
minimise the chance of a false negative study result 

Table 1 | Baseline personal and clinical characteristics of Canadian adults with 
laboratory confirmed covid-19 presenting with fever, cough, or dyspnoea by treatment 
assignment. Values are numbers (percentages) unless stated otherwise
Characteristics Placebo* (n=98) Ciclesonide† (n=105)
Personal
Median (IQR) age (years) 35 (27-45) 35 (27-47)
Women 55 (56) 54 (51)
Current smoker 5 (5) 10 (10)
Ethnicity:
  African Canadian 2 (2) 3 (3)
  Asian 16 (16) 18 (17)
  White 58 (59) 65 (62)
  Hispanic or Latino 7 (7) 6 (6)
  Middle Eastern 12 (12) 6 (6)
  South Asian 6 (6) 6 (6)
  Other 2 (2) 3 (3)
Province:
  British Columbia 51 (52) 51 (49)
  Ontario 13 (13) 19 (18)
  Quebec 34 (35) 35 (33)
Symptoms:
  Median (IQR) days of illness before screening 3 (2-4) 3 (2-4)
  Median (IQR) overall VAS (cm) 5.0 (3.6-5.9) 5.0 (3.2-5.8)
  Fever 45 (46) 48 (46)
  Cough 86 (88) 89 (85)
  Shortness of breath 25 (26) 32 (30)
  Chest tightness or chest congestion 38 (39) 46 (44)
  Dyspnoea‡ 49 (50) 53 (50)
  Anosmia 26 (27) 15 (14)
  Loss of taste 26 (27) 16 (15)
  Sore throat 41 (42) 39 (37)
  Runny nose 39 (40) 30 (29)
  Sinus congestion 50 (51) 51 (49)
  Fatigue 75 (77) 77 (73)
  Myalgia 58 (59) 66 (63)
  Diarrhoea 22 (22) 17 (16)
Health and comorbidities
Overall self-reported health:
  Very good 44 (45) 54 (51)
  Good 45 (46) 41 (39)
  Moderate 8 (8) 8 (8)
  Very bad 1 (1) 0 (0)
Comorbidities:
  None 76 (78) 86 (82)
  Active cancer 1 (1) 1 (1)
  Asthma (no treatment) 6 (6) 4 (4)
  Diabetes mellitus 4 (4) 1 (1)
  Hypertension 5 (5) 7 (7)
  Ischaemic heart disease 1 (1) 0 (0)
IQR=interquartile range; VAS=visual analogue scale.
Data represent patients from modified intention-to-treat population (those who took at least one dose of 
study drug and completed at least one follow-up questionnaire related to symptom resolution compared with 
baseline).
*Metered dose inhaler and nasal saline placebo.
†Inhaled and intranasal.
‡Reported either shortness of breath or chest tightness or chest congestion.
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due to inadequate exposure. Finally, we recruited 
participants with important respiratory symptoms, 
comprising the population most likely to benefit from 
inhaled steroids. Moreover, participants were enrolled 
early in the course of their disease (within an average 
of three days), which is probably similar to what is 
achievable in a real world setting when factoring in 
delays to seeking medical attention.

Despite these strengths, our study has some 
limitations. We were unable to recruit the intended 
sample size given a rapid decline in cases of covid-19 
in Canada following increases in vaccination. However, 
we recruited more participants than the STOIC trial, 

which found a difference in effect. In addition, we 
did not enrich the study population for older high 
risk people and cannot exclude a possible benefit in 
earlier symptom resolution and prevention of clinical 
deterioration in this group. That said, the overall rate 
of hospital admissions in our study was similar to those 
of other outpatient trials,11 including one that enriched 
for higher risk participants.16 We elected to examine the 
primary outcome at seven days after enrolment based 
on previous data that suggested up to 65% resolution 
over this timeframe.11 Although the overall resolution 
of symptoms by day 7 after enrolment was lower than 
expected, no appreciable difference was found in 
the secondary outcome at day 14. It is important to 
mention that vaccinated participants were excluded 
from this trial. It was assumed vaccination would 
decrease the burden and duration of symptoms and 
risk of severe complications, which were our primary 
and secondary outcomes. It remains to be determined 
whether inhaled corticosteroids can reduce symptoms 
in vaccinated populations, but we expect that any 
observed effect would be smaller than in unvaccinated 
people.

As our trial was stopped prematurely, we might 
have been underpowered to show a small benefit of 
ciclesonide on early symptom resolution. Recently, 
another placebo controlled study (400 participants) of 
ciclesonide was published as a preprint and also failed 
to show any effect on symptom resolution.17 Although 
our study found an absolute risk reduction of 5.5%, the 
confidence interval was wide. A meta-analysis might 
further elucidate whether this relatively inexpensive 

Table 2 | Primary outcome of respiratory symptom resolution in Canadian adults with laboratory confirmed covid-19 
presenting with fever, cough, or dyspnoea by treatment assignment. Values are numbers (percentages) unless stated 
otherwise
Outcomes Placebo* (n=98) Ciclesonide† (n=105) Adjusted risk difference‡, % (95% CI)
Primary outcome on day 7§
Modified intention to treat 34 (35) 42 (40) 5.5 (−7.8 to 18.8)
Per protocol 32 (35); (n=91) 38 (38); (n=99) 3.4 (−10.4 to 17.1)
Secondary outcomes
Primary outcome on day 14 57 (58) 69 (66) 7.5 (−5.9 to 20.8)
Overall feeling of improvement:
  Day 7 74 (76) 77 (73) −2.1 (−14.2 to 9.9)
  Day 14 91 (93) 95 (90) −2.4 (−10.0 to 5.1)
Resolution of symptoms:
  Day 7 22 (22) 25 (24) 0.8 (−10.6 to 12.2)
  Day 14 44 (45) 57 (54) 9.1 (−4.6 to 22.8)
Admission to hospital: day 14 3 (3) 6 (6) 2.3 (−3.0 to 7.6)
Mortality:
  Day 14 0 (0) 0 (0) –
  Day 29 0 (0) 0 (0) –
Improvement in cough¶: (n=86) (n=89)
  Day 7 54 (63) 57 (64) 1.2 (−12.9 to 15.3)
  Day 14 72 (84) 74 (83) −0.9 (−11.9 to 10.1)
Resolution of dyspnoea**: (n=49) (n=53)
  Day 7 27 (55) 38 (71) 15.8 (−2.4 to 34.0)
  Day 14 40 (82) 45 (85) 3.9 (−10.7 to 18.5)
Data represent patients from modified intention-to-treat population (those who took at least one dose of study drug and completed at least one follow-up 
questionnaire related to symptom resolution compared with baseline).
*Metered dose inhaler and nasal saline placebo.
†Inhaled and intranasal.
‡Adjusted for stratification on sex.
§Resolution of fever and all respiratory symptoms by day 7.
¶Analysis limited to patients who reported dry or wet cough at baseline.
**Dyspnoea defined as shortness of breath, chest tightness, or chest congestion. Analysis limited to participants who reported dyspnoea at baseline.

Table 3 | Side effect profile in Canadian adults with laboratory confirmed covid-19 
presenting with fever, cough, or dyspnoea by treatment assignment. Values are numbers 
(percentages) unless stated otherwise
Side effects Placebo (n=98)* Ciclesonide (n=105)†
Overall 15 (15) 23 (22)
Thrush 0 (0) 2 (2)
Voice change 2 (2) 2 (2)
Throat irritation 5 (5) 7 (7)
Dry mouth 3 (3) 2 (2)
Dry nose, irritated nose, or nosebleed 1 (1) 4 (4)
Headache 5 (5) 13 (12)
Dizziness 0 (0) 1 (1)
Nausea 2 (2) 11 (10)
Wheeze 1 (1) 0 (0)
Other 3 (3) 6 (6)
Data represent patients from modified intention-to-treat population (those who took at least one dose of 
study drug and completed at least one follow-up questionnaire related to symptom resolution compared with 
baseline).
*Metered dose inhaler and nasal saline placebo.
†Inhaled and intranasal.
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and generally well tolerated treatment shows clinical 
benefit.

Conclusion
Inhaled corticosteroids might improve the resolution of 
covid19 symptoms among older high risk adults, and 
younger healthier populations could be less likely to 
benefit. In vitro data suggest that ciclesonide possesses 
antiviral activity against SARS-CoV-2. However, our 
placebo controlled randomised trial failed to show 
statistically significant improvement in symptoms 
among healthy, young participants who presented 
with prominent respiratory symptoms. Based on our 
findings, we suggest that future studies should enrich 
for patients reporting baseline shortness of breath 
and examine outcomes to day 14, given the prolonged 
time to symptom resolution that we, and others, have 
observed. Open label studies should be avoided, and 
additional placebo controlled studies should examine 
the effect of different classes of inhaled corticosteroids.
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