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Effect of 12 mg vs 6 mg of Dexamethasone on the Number of Days Alive
Without Life Support in Adults With COVID-19 and Severe Hypoxemia
The COVID STEROID 2 Randomized Trial

The COVID STEROID 2 Trial Group

Visual Abstract
IMPORTANCE A daily dose with 6 mg of dexamethasone is recommended for up to 10 days in Editorial
patients with severe and critical COVID-19, but a higher dose may benefit those with more

severe disease Supplemental content

OBJECTIVE To assess the effects of 12 mg/d vs 6 mg/d of dexamethasone in patients with
COVID-19 and severe hypoxemia.

DESIGN, SETTING, AND PARTICIPANTS A multicenter, randomized clinical trial was conducted
between August 2020 and May 2021 at 26 hospitals in Europe and India and included 1000
adults with confirmed COVID-19 requiring at least 10 L/min of oxygen or mechanical
ventilation. End of 90-day follow-up was on August 19, 2021.

INTERVENTIONS Patients were randomized 1:1to 12 mg/d of intravenous dexamethasone
(n = 503) or 6 mg/d of intravenous dexamethasone (n = 497) for up to 10 days.

MAIN OUTCOMES AND MEASURES The primary outcome was the number of days alive without
life support (invasive mechanical ventilation, circulatory support, or kidney replacement
therapy) at 28 days and was adjusted for stratification variables. Of the 8 prespecified
secondary outcomes, 5 are included in this analysis (the number of days alive without life
support at 90 days, the number of days alive out of the hospital at 90 days, mortality at 28
days and at 90 days, and =1 serious adverse reactions at 28 days).

RESULTS Of the 1000 randomized patients, 982 were included (median age, 65 [IQR, 55-73]
years; 305 [31%] women) and primary outcome data were available for 971 (491in the 12 mg
of dexamethasone group and 480 in the 6 mg of dexamethasone group). The median
number of days alive without life support was 22.0 days (IQR, 6.0-28.0 days) in the 12 mg of
dexamethasone group and 20.5 days (IQR, 4.0-28.0 days) in the 6 mg of dexamethasone
group (adjusted mean difference, 1.3 days [95% Cl, 0-2.6 days]; P = .07). Mortality at 28 days
was 27.1% in the 12 mg of dexamethasone group vs 32.3% in the 6 mg of dexamethasone
group (adjusted relative risk, 0.86 [99% Cl, 0.68-1.08]). Mortality at 90 days was 32.0% in
the 12 mg of dexamethasone group vs 37.7% in the 6 mg of dexamethasone group (adjusted
relative risk, 0.87 [99% Cl, 0.70-1.07]). Serious adverse reactions, including septic shock and
invasive fungal infections, occurred in 11.3% in the 12 mg of dexamethasone group vs 13.4% in
the 6 mg of dexamethasone group (adjusted relative risk, 0.83 [99% Cl, 0.54-1.29]).

CONCLUSIONS AND RELEVANCE Among patients with COVID-19 and severe hypoxemia,

12 mg/d of dexamethasone compared with 6 mg/d of dexamethasone did not result in

statistically significantly more days alive without life support at 28 days. However, the trial

may have been underpowered to identify a significant difference. Authors and Group Information:
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atients with critical COVID-19 are characterized by se-
vere pulmonary inflammation and hypoxemia, which
often leads to use of high-flow oxygen, mechanical ven-
tilation and, in case of further disease progression, circula-
tory support and kidney replacement therapy.!
Dexamethasone is recommended by the World Health
Organization? for patients with severe and critical COVID-19
based on a prospective meta-analysis® of 7 randomized trials
reporting reduced short-term mortality with the use of sys-
temic glucocorticoids. The largest of these trials, the Ran-
domized Evaluation of COVID-19 Therapy (RECOVERY)
trial,* demonstrated a mortality benefit with 6 mg/d of dexa-
methasone for up to 10 days. Among the remaining 6 trials
in the meta-analysis,> most evaluated daily doses of gluco-
corticoids that were higher than 6 mg of dexamethasone
(median dose in dexamethasone equivalents, 12 mg [range,
6-16 mg]).>"® Higher doses of dexamethasone also have
been reported as beneficial in a randomized trial including
patients without COVID-19 who had acute respiratory dis-
tress syndrome.® Pharmacodynamic studies suggest dose-
dependent activation of the corticosteroid receptor with
increasing doses up to 60 mg of prednisone (equivalent to 12
mg of dexamethasone).1°
These findings suggest the possibility that higher doses of
dexamethasone than the recommended dose of 6 mg/d may
benefit patients with COVID-19 who have more severe dis-
ease. However, there are concerns about adverse reactions with
the use of higher doses of glucocorticoids,! particularly re-
ports of severe fungal infections, such as mucormycosis, in pa-
tients with COVID-19 treated with glucocorticoids.'?!3
The COVID STEROID 2 trial was conducted to evaluate the
efficacy and safety of a higher dose of dexamethasone in hos-
pitalized adults with COVID-19 and severe hypoxemia. The hy-
pothesis was that a higher daily dose of dexamethasone (12 mg)
compared with the currently recommended daily dose (6 mg)
would increase the number of days alive without life support
at 28 days in these patients.

Methods

Trial Design and Oversight

This trial was an investigator-initiated, international, parallel-
group, stratified, blinded randomized clinical trial. The trial
protocol was approved by the Danish Medicines Agency, the
ethics committee of the Capital Region of Denmark, and in-
stitutionally at each trial site. Before enrollment was com-
pleted, the trial protocol and statistical analysis plan were
published'* and also appear in Supplement 1. The trial was over-
seen by the Collaboration for Research in Intensive Care and
the George Institute for Global Health. A data and safety moni-
toring committee oversaw the safety of the trial participants
and conducted 1 planned interim analysis.

Informed consent was obtained from the patients or their
legal surrogates according to national regulations. At many in-
stitutions, enrollment was allowed as an emergency proce-
dure (ie, assent was provided by a physician who was not in-
volved in the trial and consent was later obtained from the
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Key Points

Question What is the effect of 12 mg vs 6 mg of dexamethasone
on the number of days alive without life support at 28 days in
patients with COVID-19 and severe hypoxemia?

Findings In this randomized trial that included 1000 patients with
COVID-19 and severe hypoxemia, treatment with 12 mg/d of
dexamethasone resulted in 22.0 days alive without life support at
28 days compared with 20.5 days in those receiving 6 mg/d of
dexamethasone. This difference was not statistically significant.

Meaning Compared with 6 mg of dexamethasone, 12 mg of
dexamethasone did not statistically significantly reduce the
number of days alive without life support at 28 days.

patient or arelative to continue participation). If consent was
withdrawn or not granted, permission was sought from the pa-
tient or a relative to continue the collection and use of data.

Trial Sites and Patients
Patients underwent screening and randomization between
August 27, 2020, and May 20, 2021, at 26 hospitals (11 in
Denmark, 12 in India, 2 in Sweden, and 1 in Switzerland). At 2
of the Danish hospitals, there were multiple sites at intensive
care units and departments of infectious diseases and pulmo-
nary medicine so the total number of trial sites was 31.
Eligible patients were aged 18 years or older, hospitalized
with confirmed SARS-CoV-2 infection, and required (1) supple-
mentary oxygen at a flow rate of at least 10 L/min (indepen-
dent of delivery system), (2) noninvasive ventilation or con-
tinuous positive airway pressure for hypoxemia, or (3) invasive
mechanical ventilation. We excluded patients who (1) were
treated with systemic glucocorticoids in doses higher than 6
mg of dexamethasone equivalents for indications other than
COVID-19 or had been treated with systemic glucocorticoids
for COVID-19 for 5 days or longer, (2) had invasive fungal in-
fection or active tuberculosis, (3) had known hypersensitiv-
ity to dexamethasone, and (4) were pregnant. The full details
regarding the inclusion and exclusion criteria appear in the
eMethods in Supplement 2.

Randomization

Randomization was performed using a centralized, computer-
generated allocation sequence stratified by trial site, by age of
younger than 70 years, and by whether the patient required
invasive mechanical ventilation at the time of screening. Eli-
gible patients were randomly allocated in a 1:1ratio to 12 mg/d
of dexamethasone or 6 mg/d of dexamethasone using vary-
ing permuted block sizes of 6 or 8 (Figure 1). Treatment as-
signments were concealed from patients, clinicians, investi-
gators, trial statisticians, the data and safety monitoring
committee, and the management committee when it wrote the
first version of the abstract (eMethods in Supplement 2).

Interventions

A daily dose with 12 mg of dexamethasone (as 14.4 mg of
dexamethasone phosphate) or 6 mg of dexamethasone
(as 7.2 mg of dexamethasone phosphate) was suspended
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Figure 1. Screening, Randomization, and Follow-up of Patients in the COVID STEROID 2 Trial

1414 Adults hospitalized for COVID-19 and
severe hypoxemia assessed for eligibility

414 Excluded?

213 Already received glucocorticoids for 5 d
167 Did not provide consent
53 Received higher-dose steroid for another condition
7 Had invasive fungal infection
4 Were pregnant
3 Had active tuberculosis
1 Had known hypersensitivity to dexamethasone

(" 1000 Randomized

503 Randomized to receive of 12 mg/d of dexamethasone
499 Received dexamethasone as randomized
4 Withdrew consent prior to initiation of therapy

497 Randomized to receive of 6 mg/d of dexamethasone
488 Received dexamethasone as randomized
9 Withdrew consent prior to initiation of therapy

|

|

491 Included in the primary analysis at 28 d
8 Not included in primary analysis at 28 d
6 Withdrew consent prior to 28 dP
2 Excluded because consent was not granted®

480 Included in the primary analysis at 28 d
8 Not included in primary analysis at 28 d
5 Withdrew consent prior to 28 dP
3 Excluded because consent was not granted®

2 There were 33 patients who met
more than 1 criterion.

!

i ®Provided data at baseline and for

490 Included in secondary analysis at 90 d
1 Not included in secondary analysis at 90 d
(lost to follow-up after 28 d)

478 Included in secondary analysis at 90 d
2 Not included in secondary analysis at 90 d
(withdrew consent after 28 d)

the analysis of serious adverse
reactions.

¢ Required exclusion by the Swiss

ethics committee.

in sodium chloride 0.9% (eFigure 1 in Supplement 2) and
administered as a masked bolus injection (total volume of
5 mL) intravenously once daily for up to 10 days from
randomization. The use of betamethasone was allowed
at sites where dexamethasone was not available (1 hospital
in Sweden) because the drugs are diastereomers and are
likely equipotent.'®

A team of unblinded trial staff, who were not involved in
the care of trial patients or in the entry of outcome data or the
statistical analysis, prepared the masked trial medication from
the medication available at local hospital pharmacies (the brand
names appear in eFigure 1in Supplement 2). The staff was in-
structed not to reveal the treatment allocation unless the par-
ticipant was subject to emergency unblinding (occurred in 1
patient who was randomized to 6 mg of dexamethasone).

If the patient had been treated with dexamethasone for
COVID-19 prior to enrollment, the intervention period was
shortened so that no patients received dexamethasone for more
than 10 days per the trial protocol. All other interventions were
at the discretion of the clinicians; however, we recom-
mended against the use of other immunosuppressive agents
for COVID-19. Starting on January 9, 2021, the use of tocili-
zumab was allowed after the publication of results from the
IL-6 receptor antagonists domain of the Randomized, Embed-
ded, Multifactorial, Adaptive Platform Trial for Community-
Acquired Pneumonia (REMAP-CAP) trial.'®

Data Collection and Monitoring

The trial investigators or staff reported any serious adverse
events to the coordinating centers and entered the baseline
characteristics, process variables, and outcome data from the
patient files into web-based case report forms for days 1to 14,

jama.com

28-day follow-up, and 90-day follow-up. When available, re-
gional and national registries were used for follow-up and pa-
tients or their surrogates were contacted directly if additional
data were needed. Trial data were monitored at the sites (in-
cluding consent and source data verification) by indepen-
dent monitors according to a prespecified monitoring plan and
centrally by staff from the coordinating centers.

Outcomes

The primary outcome was the number of days alive without
life support (invasive mechanical ventilation, circulatory sup-
port, or kidney replacement therapy) at 28 days after random-
ization. All outcome definitions appear in the eMethods in
Supplement 2).

The secondary outcomes were the number of days alive
without life support at 90 days, the number of days alive
out of the hospital at 90 days, mortality at 28 days and at 90
days, and the number of patients with 1 or more serious ad-
verse reactions at 28 days (ie, new episodes of septic shock,
invasive fungal infection, clinically important gastrointesti-
nal bleeding, or anaphylactic reaction to dexamethasone).
Three additional secondary outcomes, including health-
related quality of life measured using the 5-dimension, 5-level
European Quality of Life questionnaire and the European
Quality of Life visual analog scale, will be assessed at 180 days
after randomization (Supplement 1).

Sample Size Calculation

We estimated that 1000 patients were required for the trial
to have 85% power to show a relative reduction of 15% in
28-day mortality, which is within the range observed
in other critical care trials,!” combined with a reduction of
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10% in the time requiring life support at a 2-sided a level of
5%, assuming that 30% of patients would die and 10% of
patients would still require life support at 28 days in the con-
trol group (6 mg of dexamethasone).!

Statistical Analysis

The statistician on the data and safety monitoring committee
conducted the interim analysis after the first 500 patients had
been followed up for 28 days. The a threshold for the interim
analysis was .005 and for the final analysis was .049 per
O’Brien-Fleming boundary points.!® Therefore, P < .049 was
considered statistically significant and 95.08% CIs (rounded
to 95%) were used for the primary outcome analysis. For the
secondary mortality outcomes, a hierarchical testing proce-
dure was specified. If the primary outcome was statistically
significantly different, the a threshold was reused for 28-day
mortality. If 28-day mortality also differed significantly, the
a threshold was reused for 90-day mortality; otherwise,
an a threshold of .01 was used. For the other secondary out-
comes, P < .01 was considered statistically significant and ad-
justed 99% CIs were used because of multiple comparisons.

The statistical analyses were performed according to the
statistical analysis plan with some modifications (a 2-step pro-
cedure was used to analyze all binary outcomes due to con-
vergence problems and post hoc sensitivity analyses were
added; the details appear in Supplement 1).!* Patients were ana-
lyzed according to their randomization group unless they with-
drew consent for the use of any data. In the per-protocol popu-
lation, patients with 1 or more major protocol violations were
excluded (eMethods in Supplement 2).

In the primary outcome analysis, the number of days
alive without life support within the 28-day period was ana-
lyzed using the Kryger Jensen and Lange test'® and was
adjusted for stratification variables. The Kryger Jensen and
Lange test increases power when used for data sets with zero
values (ie, many patients who were expected to have O days
alive without life support). The results are presented as
adjusted means and medians with 95% ClIs. The secondary
analysis of the primary outcome was adjusted for the stratifi-
cation variables and additional predefined risk factors at
baseline (history of ischemic heart disease or heart failure,
diabetes, chronic obstructive pulmonary disease, use of
immunosuppressive therapy within prior 3 months, use of
circulatory support, and use of kidney replacement therapy)
and was performed in the per-protocol population and in
prespecified subgroups (including test of interaction using
the Wald test). The prespecified subgroups were enrollment
geographic region (Europe vs India), age (<70 years vs 270
years), chronic use of systemic glucocorticoids vs no use at
baseline, presence vs absence of limitations in care, required
vs did not require invasive mechanical ventilation, prior
use vs no prior use of IL-6 receptor antagonists, and prior use
of dexamethasone for up to 2 days vs use for 3 to 4 days prior
to randomization. The protocol was changed on January 9,
2021, to include the subgroup analyses by enrollment geo-
graphic region and by use of IL-6 receptor antagonists and to
exclude septic shock (to reduce the overall number of sub-
group analyses).'*
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For the secondary outcomes, the Kryger Jensen and Lange
test!® was used and the logistic regression adjusted for the
stratification variables and g-computation or for the general-
ized linear models with log links and binomial error distribu-
tions. Unadjusted Fisher exact testing also was performed.

Logical imputations were made for missing primary out-
come data for 2 patients. One patient was declared by a phy-
sician on day 25 as being well enough to board an airplane; how-
ever, this patient was lost to follow-up and assumed to be alive
without life support from days 25 to 28. The relatives of an-
other patient (who died on day 46) reported that the patient
had been treated with kidney replacement therapy after hos-
pital discharge, therefore, this patient was assumed to have
been receiving kidney replacement therapy from hospital dis-
charge to day 28 (eMethods in Supplement 2).

Best-worst and worst-best imputations were made for 11
patients (Who withdrew consent during the 28-day data col-
lection period) without data on the use of life support or vital
status from the date of withdrawal. These 11 patients were in-
cluded in the analysis of serious adverse reactions without im-
putation of missing data. An additional 2 patients withdrew
consent before 90 days (1 was lost to follow-up and 1 had miss-
inglife support data at day 90). The 90-day outcomes were ana-
lyzed without any imputation. These analyses were per-
formed using R versions 3.6.3 and 4.1.0 (R Foundation for
Statistical Computing).

The primary analyses of days alive without life support at
28 days and at 90 days were supplemented post hoc with
bootstrapped-adjusted mean differences (50 000 samples)
because the observed distribution of these outcomes was
markedly skewed (41.4% of all participants were alive with-
out life support at 28 days). In another post hoc analysis
decided before database lock, we analyzed the primary out-
come by assigning dead participants the worst possible out-
come (ie, O days alive without life support) as was done in
previous trials.?° During the manuscript review process, we
added a post hoc analysis of the primary outcome using a lin-
ear mixed-effects model with random effects for site and
fixed effects for other stratification variables. An additional
post hoc analysis for time to death compared the 2 groups
using unadjusted Cox regression.

. |
Results

Participants

Between August 27, 2020, and May 20, 2021, 1414 patients
were screened and 1000 were randomized (503 were ran-
domized to receive 12 mg/d of dexamethasone and 497 were
randomized to receive 6 mg/d of dexamethasone; Figure 1).
Of the 1000 patients, 18 did not provide consent to allow the
use of any data, therefore, 982 were included in the full
analysis data set (median age, 65 [IQR, 55-73] years; 305
[31%] women). Another 8 patients were erroneously random-
ized and were included in the analyses (eTables 1A-1B and
eFigures 2-3 in Supplement 2). Data for the primary outcome
were obtained for 971 patients (491 in the 12-mg group and
480 in the 6-mg group). Patient characteristics at baseline
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were largely similar in the 2 groups; however, the prevalence
of coexisting diabetes differed (Table 1). The end of 90-day
follow-up was on August 19, 2021.

Trial and Concomitant Interventions

Both groups had received dexamethasone for a median of 1
day before enrollment. The use of respiratory, circulatory,
and kidney support and the use of other anti-inflammatory,
antiviral, and antibacterial agents was similar between
groups at baseline (Table 1).

The assigned trial intervention was received per protocol
by 461 of 497 patients (92.7%) in the 12 mg of dexamethasone
group and by 446 of 485 (91.9%) in the 6 mg of dexametha-
sone group (eTable 2 in Supplement 2). The duration of the
intervention was similar in the 2 groups (median, 7 days
[IQR, 5.0-9.0 days] in the 12-mg group and 7 days [IQR, 6.0-
9.0 days] in the 6-mg group; eTable 2 in Supplement 2). Dur-
ing the intervention period, 10 of 497 patients (2.0%) in the
12-mg group and 9 of 485 (1.9%) in the 6-mg group received
open-label glucocorticoids (eTable 2 in Supplement 2). Nine
(1.8%) patients in the 12-mg group and 11 (2.3%) in the 6-mg
group were discharged from the hospital against medical
advice within 28 days (eTable 3 in Supplement 2).

Primary Outcome

At 28 days after randomization, the median number of days alive
without life support was 22.0 days (IQR, 6.0-28.0 days) in the
12 mg of dexamethasone group and 20.5 days (IQR, 4.0-28.0
days) in the 6 mg of dexamethasone group (adjusted mean dif-
ference, 1.3 days [95% CI, 0-2.6 daysl], P = .07; Figure 2 and
Table 2). The results were similar in the preplanned (Table 2 and
eTables 4-5 in Supplement 2) and in the post hoc sensitivity
analyses (Table 2; eFigure 4 and eTables 6-7 in Supplement 2).
In the predefined subgroup analysis, no statistically signifi-
cant heterogeneity was found for the effect of the trial inter-
vention on the primary outcome (Figure 3). The single compo-
nents of the composite primary outcome were similar between
groups (Table 2 and eTable 8 in Supplement 2). The percent-
ages of patients with 28 days alive without life support were
42.6% in the 12-mg group and 40.2% in the 6-mg group.

Secondary Outcomes

Days Alive Without Life Support and Days Alive Out of the Hospital
at 90 Days

At 90 days, the median number of days alive without life sup-
port was 84.0 days (IQR, 9.3t0 90.0 days) in the 12 mg of dexa-
methasone group and 80.0 days (IQR, 6.0 to 90.0 days) in the
6 mg of dexamethasone group (adjusted mean difference, 4.4
days [99% CI, -1.6 to 10.4 days]; Table 2 and eFigure 5 in
Supplement 2). At 90 days, the median number of days alive
and out of the hospital was 61.5 days (IQR, O to 78.0 days) in
the 12-mg group and 48.0 days (IQR, O to 76.0 days) in the 6-mg
group (adjusted mean difference, 4.1days [99% CI, -1.3t0 9.5
days]; Table 2 and eFigure 6 in Supplement 2).

28-Day and 90-Day Mortality
At 28 days, a total of 133 of 491 patients (27.1%) had died in
the 12 mg of dexamethasone group and 155 of 480 patients
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(32.3%) had died in the 6 mg of dexamethasone group (ad-
justed relative risk, 0.86 [99% CI, 0.68-1.08]; Figure 2,
Table 2, and eTable 9 in Supplement 2). At 90 days, 157 of
490 patients (32.0%) had died in the 12-mg group and 180 of
478 patients (37.7%) had died in the 6-mg group (adjusted
relative risk, 0.87 [99% CI, 0.70-1.07]; Figure 2, Table 2, and
eTable 9 in Supplement 2).

Serious Adverse Reactions and Events

At 28 days, 56 of 497 patients in the 12 mg of dexamethasone
group (11.3%) had 1 or more serious adverse reactions com-
pared with 65 of 485 patients (13.4%) in the 6 mg of dexameth-
asone group (adjusted relative risk, 0.83 [99% CI, 0.54-1.29];
Table 2 and eTable 9in Supplement 2). The components of the
composite adverse reaction outcome appear in Table 2 and
eTable 8 in Supplement 2; none had an anaphylactic reaction
to dexamethasone.

The total number of patients with 1 or more serious
adverse reactions or serious adverse events was 102 (20.5%)
in the 12-mg group and 123 (25.4%) in the 6-mg group
(eTable 10 in Supplement 2). Extracorporeal membrane oxy-
genation was used in 3 patients (0.6%) in the 12-mg group
and in 14 patients (2.9%) in the 6-mg group (eTable 11 in
Supplement 2).

|
Discussion

In this international, blinded, randomized clinical trial
including adults with COVID-19 and severe hypoxemia, treat-
ment with 12 mg/d of dexamethasone compared with 6 mg/d
of dexamethasone did not result in significantly more days
alive without life support at 28 days. None of the analyzed
secondary outcomes were statistically significant and the
subgroup analyses did not support heterogeneity for the
intervention effect. The number of patients with serious
adverse reactions (ie, septic shock, invasive fungal infection,
and clinically important gastrointestinal bleeding) appeared
similar between the groups.

Other trials have assessed treatments providing anti-
inflammatory effects in addition to that of 6 mg of dexa-
methasone in patients with COVID-19.16-2! Most patients
also received dexamethasone as part of usual care in the
IL-6 receptor antagonists domains of the REMAP-CAP!® and
RECOVERY?! trials. Both trials showed improvements in
organ support-free days, short-term mortality, or both; the
absolute short-term mortality benefit with tocilizumab was
8 percentage points in the REMAP-CAP trial and 4 percent-
age points in the RECOVERY trial.'®2! In the current trial,
the adjusted point estimate for 28-day mortality was 4.5
percentage points lower in the 12 mg of dexamethasone
group than in the 6 mg of dexamethasone group, but this
was not statistically significantly different. These differ-
ences may be due to differences in anti-inflammatory
modulation, patient populations, outcome definitions, sta-
tistical frameworks (REMAP-CAP used bayesian statistics),
or sample sizes and event rates. Additional analyses of the
current trial (outcomes at 180 days and a bayesian analysis

JAMA Published online October 21,2021

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by Sharon Micallef on 10/22/2021

E5


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.18295?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.18295
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Table 1. Baseline Characteristics of the Patients®

12 mg of dexamethasone 6 mg of dexamethasone

Characteristic (n=497) (n = 485)
Country of enrollment, No. (%)

Denmark 251 (51) 234 (48)

India 182 (37) 187 (39)

Sweden 40 (8) 39(8)

Switzerland 24 (5) 25 (5)
Age, median (IQR), y 65 (56-74) 64 (54-72)
Sex, No. (%)

Male 346 (70) 331 (68)
Female 151 (30) 154 (32)
Weight, median (IQR), kg 80 (68-96) 80 (68-95)

Coexisting conditions, No. (%)°
Diabetes 135(27) 163 (34)
Ischemic heart disease 67 (14) 69 (14)
or heart failure
Chronic obstructive pulmonary 57 (12) 56 (12)
disease
Immunosuppressive therapy 40 (8) 43 (9)
within 3 mo prior to randomization
Chronic use of systemic 13(3) 16 (3)
glucocorticoids
Limitations in the use of life support 30 (6) 25 (5)
or CPR at randomization, No. (%)
Time from onset of symptoms (n = 465) (n =467)
to hospitalization, 7 (4-9) 7 (4-10)
median (IQR), d
Time from hospitalization 2(1-3) 2(1-3)
to randomization,
median (IQR), d
Place of enrollment, No. (%)
Intensive care unit 389 (78) 393 (81)
Hospital ward 66 (13) 54 (11)
Emergency department 22 (4) 21 (4)
Intermediate care unit 20 (4) 17 (4)
Type of oxygen supplementation
Nasal cannula or open mask, 272 (55) 258 (53)
No. (%)

Flow rate, median (IQR), L/min 22 (15-40) 24 (15-40)
Noninvasive ventilation 118 (24) 128 (26)
or continuous positive airway pressure,

No. (%)
Fio,, median (IQR), % (n=114) (n=120)
58 (50-78) 60 (50-71)

Duration before randomization, 1(0-1) 1(0-1)

median (IQR), d
Invasive mechanical ventilation, 107 (22) 99 (20)
No. (%)

Fio,, median (IQR), % (n =106) (n=99)

60 (45-70) 60 (45-85)
Duration before randomization, 1(0-1) 1(0-1)
median (IQR), d
Level, median (IQR)“
Pao,, mm Hg (n = 469) (n = 462)
72 (62-87) 71(61-83)
Sao,, % (n=492) (n=476)
94 (91-96) 94 (91-96)
Lactate concentration, (n = 440) (n = 436)
median (IQR), mmol/L¢ 1.6(1.1-2.3) 1.7 (1.2-2.3)
(continued)
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Table 1. Baseline Characteristics of the Patients® (continued)

12 mg of dexamethasone

6 mg of dexamethasone

Characteristic (n=497) (n = 485)
Therapies in use
at randomization®
Dexamethasone, 1(1-2) 1(1-3)
median (IQR), d
Antiviral agents 312 (63) 318 (66)
Remdesivir 307 (62) 310 (64)
Convalescent plasma 11(2) 17 (4)
Other 9(2) 6(1)
Systemic antibacterial 312 (63) 318 (66)
agents
Vasopressors or inotropes 81 (16) 68 (14)
Anti-inflammatory agents 58(12) 57 (12)
IL-6 receptor antagonists 52(11) 47 (10)
Janus kinase inhibitors 8(2) 7(1)
Other 9(2) 10(2)
Kidney replacement 11(2) 14 (3)
therapy
Abbreviations: CPR, cardiopulmonary resuscitation; Fio,, fraction of inspired ®These were considered as potential effect modifiers and the data were
oxygen; Sao,, arterial oxygen saturation. collected from chart review.
S| conversion factor: To convert lactate to mg/dL, divide by O.111. ¢ Level while receiving oxygen supplementation.

2 The definitions of the baseline characteristics appear in the eMethods in

9Normal level is less than 2.0 mmol/L.

Supplement 2. € Expressed as No. (%) unless otherwise indicated.

Figure 2. Distributions of the Primary Outcome and Time to Death Curves to Day 90

E No. of days alive without life support at 28 d as horizontally stacked proportions
12 mg (- 49%) [
12 mg (n=491)

Dexamethasone
6 mg (n=480)

|
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Time since randomization, d
No. at risk

12 mg of dexamethasone
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6 mg of dexamethasone

485 416 365 322 314 305 301 300 299 298

A, Life support was defined as
invasive mechanical ventilation,
circulatory support, or kidney
replacement therapy. There were
missing data in 11 patients for the
primary outcome. Red represents the
worse outcomes and blue represents
better outcomes. B, There were 14
patients who were not followed up
for the full 90 days (7 patients in each
intervention group) and who were
included until the last day they were
known to be alive. The median
follow-up time was 90 days (IQR,
24-90 days) in the 12 mg of
dexamethasone group and 90 days
(IQR, 20-90 days) in the 6 mg of
dexamethasone group. The time to
death was compared post hoc using
unadjusted Cox regression.
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Figure 3. Median Days Alive Without Life Support and the Adjusted Mean Differences in the 7 Predefined Subgroups

Days alive without life support by

dexamethasone dose, median (IQR) dAi[::‘l;sr;dc;nean dexametGhlaT;?)r(l];c ;sxr:nqlgtfhasone P value for

Subgroup 12 mg 6 mg (95% C1)2 better | better heterogeneity
Enrollment geographic region

Europe 22.0(7.0t028.0) (n=298) 20.0 (4.0t028.0) (n=315) 1.8(0.2t03.4) - 57

India 28.0 (4.8t028.0) (n=187) 25.0 (5.0t028.0) (n=182) 0.5(-1.7t0 2.6) - '
Age, y

270 12.0(3.0t028.0) (n=167) 8.0(3.0t028.0) (n=167) 1.6 (-0.7 t0 4.0) o 83

<70 26.0(9.0t0 28.0) (n=318) 25.0(5.0t0 28.0) (n=330) 1.2(-0.4t02.8) - ’
Chronic use of systemic glucocorticoids at baseline

Yes 22.0(6.0t0 28.0) (n=16) 5.0(0.8t08.0) (n=13) 8.4(-5.9t022.7) —_—> 53

No 22.0(6.0to0 28.0) (n=469) 21.5(4.0t028.0) (n=484) 1.0(-0.3t02.3) - ’
Limitations in careP

Yes 9.0 (3.3t028.0) (n=25) 6.0 (3.0t0 28.0) (n=30) 6.6 (0.1t013.1) 1

No 22.0(7.0t0 28.0) (n=460) 22.0(5.0t028.0) (n=467) 1.2(-0.1t02.5) - ’
Required invasive mechanical ventilation

Yes 9.0 (0t0 21.0) (n=99) 2.5(0to0 15.0) (n=107) 2.4(-0.2t05.0) — 44

No 28.0(9.0t0 28.0) (n=386) 28.0(6.0to0 28.0) (n=390) 1.1(-0.5t02.6) - ’
Prior use of IL-6 receptor antagonists

Yes 27.0(9.5t028.0) (n=47) 28.0(24.0t028.0) (n=52) -1.4(-5.3t02.4) —_— 59

No 22.0(5.0t028.0) (n=438) 18.0 (4.0 t0 28.0) (n=445) 1.7 (0.3t03.1) - ’
Prior use of dexamethasone before randomization, d

0-2 22.0 (4.5 t028.0) (n=355) 23.0(5.0t028.0) (n=384) 1.6 (0.1t03.1) - 64

3-4 22.0(6.8t028.0) (n=130) 19.0(4.0t028.0) (n=113) -0.4(-3.4t02.7) —— ’
All patients 22.0(6.0t0 28.0) (n=491) 20.5 (4.0to 28.0) (n=480) 1.3(0to02.6) -

72‘0 71‘0 0 1‘0 2‘0

Adjusted mean difference (95% Cl)

2 Adjusted for the stratification variables of site, age younger than 70 years, and
use of invasive mechanical ventilation unless otherwise indicated. The median
differences for the outcomes of days alive without life support and days out of

the hospital and the analyses of the single components of the composite
outcomes appear in eTable 8 in Supplement 2.
® Defined as life support or cardiopulmonary resuscitation at randomization.

of outcomes at 28 days and at 90 days),'*2? and a planned
prospective meta-analysis of the trials assessing high-dose
vs standard-dose dexamethasone in patients with COVID-19
and hypoxemia®® may provide additional insights.

The strengths of this trial include the pragmatic protocol,
its relatively large sample size, inclusion of most of the eli-
gible patients, allocation concealment and blinding, the high
percentage of follow-up at 28 days, and the variety of hospi-
tals and countries involved. Patients were enrolled in both
Europe (62%) and India (38%), reflecting different patient
characteristics and risk factors, practice patterns, and health
care systems. Septic shock and invasive fungal infections
were prespecified secondary safety outcomes and therefore
accurately captured. The results were consistent in multiple
sensitivity analyses, as well as in analyses of the per-protocol
population and in the prespecified subgroups. Together,
these characteristics increase the internal and external valid-
ity of our results.

Limitations
This trial had several limitations. First, the null result may re-
flect limited power to detect statistically significant differ-
ences for the primary outcome as well other outcomes and in
the subgroup analyses.

Second, some baseline variables such as ethnicity were not
collected, and some characteristics such as prevalence of dia-
betes differed between the groups. However, a predefined sec-

jama.com

ondary analysis adjusting for diabetes and other important risk
factors supported the primary result.

Third, the intervention period was only 6 days in some pa-
tients per protocol because the trial design allowed up to 4 days
of dexamethasone use before enrollment, which may have re-
duced any effect of the intervention.

Fourth, the distribution of the primary and secondary out-
come data was not normal. To mitigate this, a newly devel-
oped statistical test that accounts for data sets with many zero
values was used, and post hoc bootstrapping was used to test
the results further.'®

Fifth, the sample size estimation for the primary out-
come was based on expected relative differences of 15% in 28-
day mortality and of 10% in time requiring life support; these
differences may have been too large.

Sixth, changes in the treatment of COVID-19 during the trial
(such as increased use of IL-6 receptor antagonists) may have
influenced the results.

. |
Conclusions

Among patients with COVID-19 and severe hypoxemia, 12 mg/d
of dexamethasone compared with 6 mg/d of dexamethasone
did not result in statistically significantly more days alive with-
out life support at 28 days. However, the trial may have been
underpowered to identify a significant difference.
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