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Abstract

Background: Coronavirus disease 2019 (COVID-19) can lead to severe hypoxic res-
piratory failure and death. Corticosteroids decrease mortality in severely or critically
ill patients with COVID-19. However, the optimal dose remains unresolved. The on-
going randomised COVID STEROID 2 trial investigates the effects of higher vs lower
doses of dexamethasone (12 vs 6 mg intravenously daily for up to 10 days) in 1,000
adult patients with COVID-19 and severe hypoxia.

Methods: This protocol outlines the rationale and statistical methods for a second-
ary, pre-planned Bayesian analysis of the primary outcome (days alive without life
support at day 28) and all secondary outcomes registered up to day 90. We will use
hurdle-negative binomial models to estimate the mean number of days alive without
life support in each group and present results as mean differences and incidence rate
ratios with 95% credibility intervals (Crls). Additional count outcomes will be ana-
lysed similarly and binary outcomes will be analysed using logistic regression models
with results presented as probabilities, relative risks and risk differences with 95%
Crls. We will present probabilities of any benefit/harm, clinically important benefit/
harm and probabilities of effects smaller than pre-defined clinically minimally impor-
tant differences for all outcomes analysed. Analyses will be adjusted for stratification
variables and conducted using weakly informative priors supplemented by sensitivity
analyses using sceptic priors.

Discussion: This secondary, pre-planned Bayesian analysis will supplement the pri-
mary, conventional analysis and may help clinicians, researchers and policymakers
interpret the results of the COVID STEROID 2 trial while avoiding arbitrarily dichot-
omised interpretations of the results.

Trial registration: ClinicalTrials.gov: NCT04509973; EudraCT: 2020-003363-25.
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1 | INTRODUCTION

Severe acute respiratory syndrome corona-virus-2 (SARS-CoV-2)
has caused an ongoing pandemic of coronavirus disease 2019
(COVID-19). The manifestations of COVID-19 vary from asymptom-
atic infections over fever and mild symptoms from the respiratory
tract to viral pneumonia and severe acute respiratory distress syn-
drome (ARDS).>2 As of January 24 2021, COVID-19 has caused over
2.1 million deaths worldwide and strained the capacity of hospitals
and intensive care units (ICUs) in particular."?

Preliminary results from the Randomised Evaluation of COVid-19
thERapY (RECOVERY) trial demonstrated a 28-day mortality rate
ratio of 0.83 (95% confidence interval [CI] 0.75 to 0.93) with 6 mg
daily of dexamethasone for up to 10 days compared to usual care in
hospitalised patients with suspected or confirmed COVID-19.% The
results also indicated a possible larger effect in patients on invasive
mechanical ventilation.® Following this, a World Health Organization
(WHO)-initiated prospective meta-analysis summarised the results
from all critically ill patients from the RECOVERY trial and 6 other
randomised clinical trials (RCTs) comparing corticosteroids to usual
care or placebo.* This meta-analysis confirmed the findings from the
RECOVERY trial with a pooled odds ratio (OR) of 0.66 (95% CI 0.53
to 0.82) for 28-day mortality with corticosteroids.* Consequently,
corticosteroid therapy has become standard practice in severely and
critically ill patients with COVID-19 and added to clinical practice
guidelines.>”

The optimal dose of corticosteroids in COVID-19 patients with
severe hypoxia remains uncertain, and a recent RCT conducted in
non-COVID-19 ARDS patients suggested improved outcomes with
a higher dose of dexamethasone compared to control.® The Higher
vs Lower Doses of Dexamethasone in Patients with COVID-19 and
Severe Hypoxia (COVID STEROID 2) trial investigates the effects of
12 vs 6 mg of dexamethasone in adult patients with COVID-19 and
severe hypoxia.” The trial will primarily be analysed using conven-
tional, frequentist statistical methods.” Bayesian statistical methods
are increasingly used and recommended in clinical trials in critical
care as they may offer advantages or supplementary information in
addition to the conventional analyses.'®*® This protocol and statisti-
cal analysis plan outline the rationale and methodology for a second-
ary, pre-planned Bayesian analysis of the COVID STEROID 2 trial.
We hypothesise that a higher dose of dexamethasone will improve
outcomes in adult patients with COVID-19 and severe hypoxia, and
that Bayesian analyses provide additional information that will help
clinicians, researchers and policymakers interpret the findings of the

trial.

2 | METHODS
2.1 | Study design and conduct

The COVID STEROID 2 trial is an investigator-initiated, international,

parallel-group, blinded, centrally randomised and stratified (for site,

use of invasive mechanical ventilation and age <70 years) clinical trial
assessing the effects of higher (12 mg) vs lower (6 mg) doses of dexa-
methasone in adult patients with COVID-19 and severe hypoxia. The
design was based on the COVID STEROID trial, which compared
low-dose hydrocortisone with placebo in adult COVID-19 patients
with severe hypoxia.’” The COVID STEROID trial was paused follow-
ing the preliminary results from the RECOVERY trial and afterwards
terminated after publication of the WHO meta-analysis.>*
Additional details on the COVID STEROID 2 trial including de-
tailed variable definitions are available in the primary protocol’ and

on the trial website (www.cric.nu/covid-steroid-2).

2.2 | Approvals and reporting

The COVID STEROID 2 trial was approved by the Committee
on Health Research Ethics in the Capital Region of Denmark (H-
20051056); the Danish Medicines Agency (2020-07-16); the Capital
Region Knowledge Centre for Data Compliance in Denmark (P-
2020-842); and registered at ClinicalTrials.gov (NCT04509973)
and the European Union Drug Regulating Authorities Clinical Trials
Database (2020-003363-25). Additional local/national registrations
and approvals in other participating countries will be or have been
obtained prior to start of enrolment in these countries as required
(not listed in this secondary study protocol); informed consent will
be obtained for all patients according to applicable local/national
laws.

The primary trial protocol’ was prepared according to the
Standard Protocol Items: Recommendations for Interventional Trials
(SPIRIT) statement?®; this secondary study protocol was prepared in
accordance with the STrengthening the Reporting of OBservational
studies in Epidemiology (STROBE) statement!’? (completed checklist
included in the supplement) with the Bayesian analyses specified
in accordance with the Reporting Of Bayes Used in clinical STudies
(ROBUST) guideline.?’ The primary trial results will be reported in
accordance with the Consolidated Standards of Reporting Trials
(CONSORT) statement,?! and the results from this secondary anal-
ysis will be reported in accordance with the STROBE statement and
the ROBUST guideline regardless of the results.

2.3 | Enrolment criteria

Adult patients aged 18 years or above with documented SARS-
CoV-2/COVID-19 requiring hospitalisation and receiving at least 10
L/min of supplemental oxygen (regardless of delivery system) or me-
chanical ventilation (ie non-invasive ventilation, continuous use of
continuous positive airway pressure or invasive mechanical ventila-
tion) are screened for inclusion. Exclusion criteria are use of systemic
corticosteroids for other indications than COVID-19 in doses higher
than 6 mg dexamethasone equivalents; use of systemic corticoster-
oids for COVID-19 for 5 consecutive days or more; invasive fungal

invasion; active tuberculosis; fertile woman (below 60 years of age)
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with positive urine or plasma human chorionic gonadotropin; known
hypersensitivity to dexamethasone; previously randomised in the
COVID STEROID 2 trial and informed consent not obtainable. Co-
enrolment with other clinical trials is allowed if the interventions or

protocols do not collide.”

2.4 | Interventions

Patients will be randomised in a 1:1 ratio to either 12 mg (higher
dose, intervention group) or 6 mg (lower dose, control group) of
dexamethasone intravenously once daily for up to 10 days (until
death, hospital discharge or total 10 days of consecutive corti-
costeroid use, including days with corticosteroid use before inclu-
sion). Shelf medication is used, and betamethasone is allowed if
dexamethasone is not available.” To ensure blinding of clinicians,
participants and outcome assessors, trial medication is prepared
by unblinded trial staff not involved in patient care or outcome

assessment.”

2.5 | Outcomes

This secondary study will assess all outcomes registered within
90 days of randomisation using Bayesian statistical methods; we do
not plan to include outcomes registered at 180 days in this second-
ary analysis. The primary trial outcome is days alive without life sup-
port (ie invasive mechanical ventilation, circulatory support or renal
replacement therapy, including days in between intermittent renal
replacement therapy) from randomisation to day 28. Secondary out-
comes assessed in this study include:

e One or more serious adverse reactions from randomisation to day
28, including new episodes of septic shock, invasive fungal inva-
sion, clinically important gastrointestinal bleeding or anaphylactic
reaction to intravenous dexamethasone

e All-cause mortality at day 28 and day 90

e Days alive without life support (as defined for the primary out-
come) at day 90

e Days alive and out of hospital at day 90

2.6 | Sample size and trial status

Detailed sample size justifications for the conventional, frequentist
analyses are available in the primary protocol.” At maximum, we plan
to randomise 1000 patients and conduct an interim analysis with
pre-specified stopping rules after the first 500 participants have
been followed for 28 days.9 Regardless of whether the trial includes
the full sample size or is stopped early, this secondary analysis will
be conducted including all randomised patients from the intention-

to-treat population.

Anaesthesiologica
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The trial was initiated on August 27 2020 and enrolment is
expected to conclude in August 2021. As of January 25 2021,
492/1,000 patients (49.2%) have been enrolled at 27 sites in

Denmark, India, Switzerland and Sweden.

2.7 | Statistical analyses

We will conduct analyses using R (R Core Team, R Foundation for
Statistical Computing, Vienna, Austria) with the Tidyverse?? packages
and Stan?® through the brms R package.?* All analyses will include the
stratification variables (site, use of invasive mechanical ventilation at
baseline and age below 70 years). Models are described below with
additional details in the supplement. Baseline data will be presented

in the primary trial publication as specified elsewhere.’?

2.7.1 | Principles of Bayesian analyses

Bayesian analyses differ from their conventional, frequentist coun-
terparts in several aspects. Importantly, Bayesian analyses starts
with prior beliefs about the effect estimates expressed using prob-
ability distributions, which are updated when the data have been
collected to posterior probability distributions.}>2>%¢ The posterior
probability distributions can be summarised in multiple ways, includ-
ing calculation of direct probabilities for any effect size of interest (ie
any or clinically important benefit or harm, or no clinically important
difference), and calculation of 95% credible intervals (Crls) that rep-
resent the 95% most plausible effect sizes given the prior, the model
and the data.122%2¢

2.7.2 | Priors

We will use weakly informative priors centred on no difference and
including all plausible effect sizes for all parameters in the primary
Bayesian analyses, including adjustment (stratification) variables.
Weakly informative priors are used as no high-quality direct evi-
dence on the effects of higher vs lower doses of corticosteroids in
patients with COVID-19 and severe hypoxia was available at trial
initiation.” These priors will be overwhelmed by the data and have
minimal influence on the results.

Sensitivity analyses will be conducted using sceptic priors for the
intervention effects, which are sceptic of large effects and “shrink”
effect estimates towards no difference, as many previous interven-
tions in critical care have shown either small, clinically unimportant

2728 |f relevant external ev-

or statistically insignificant differences.
idence of sufficient quality becomes available during the trial, we
will consider additional sensitivity analyses incorporating these data
in evidence-based priors for the intervention effects. The sensitivity
analyses will use the same weakly informative priors for all parame-

ters not of primary interest as the primary analyses.
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we will analyse it using a Bayesian hurdle-negative binomial regres-
sion model. This model consists of two parts that are simultaneously
estimated: 1) a logistic regression model, estimating the probability
of having 0 days alive without life support, and 2) a zero-truncated
negative binomial model (an over-dispersed count model??), which
estimates the mean number of days alive without life support for
all patients with at least 1 day alive without life support. There may
be some inflation of patients with 28 days alive without life support
(patients who never received life support and are alive at day 28) due
to truncation of follow-up at this time-point; the negative binomial
model is able to estimate the mean number of days alive without
life support in patients with at least 1 day alive without life support,
even if truncation of higher values means that data do not perfectly
follow a negative binomial distribution. Of note, the hurdle-negative
binomial model has conceptual similarities with the Kryger Jensen
and Lange test,®® which will be used in the primary, frequentist
analyses.”

We will estimate the adjusted mean number of days alive without
life support in each group and estimate differences on the absolute
scale using the mean difference (MD) and on the relative scale using
the incidence rate ratio (IRR). This will be done by combining both
parts of the model comparing the higher vs lower dose with all ad-
justment variables set to the most common group. In addition, we
will calculate probabilities of any benefit/harm, clinically important
benefit/harm (defined as a MD 2 1 or <-1 day) or no clinically import-
ant difference. Results from the model will be presented as outlined
in Table 1.

2.7.5 | Analysis of the secondary outcomes

Secondary count outcomes (days alive without life support at day
90 and days alive and out of hospital at day 90) will be analysed as
the primary outcome and clinically important benefit/harm will be
defined similarly.

Secondary binary outcomes will be analysed using Bayesian lo-
gistic regression models. Results will be presented as probabilities
of the outcome in each group with groups compared using adjusted
relative risks (RRs) and adjusted absolute risk differences (RDs).
Probabilities, RRs and RDs will be calculated with all adjustment
variables set to the most common group as for the primary outcome.
In addition, we will calculate probabilities of any benefit/harm, clin-
ically important benefit/harm (defined as a RD of = 2 or <-2 per-
centage points) and no clinically important differences. The results
for the binary secondary outcomes will be presented as outlined in
Table 1.

2.7.6 | Missing data handling

The amount of missing data will be reported. We expect limited
missing data for the outcomes included in this study and for all strati-

fication variables; if 25% of patients have missing data for variables

Anaesthesiologica
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included in any of the specified analyses, we will multiply impute

missing data using the same strategy as in the primary analyses of
the trial.>?

2.7.7 | Model settings and diagnostics

Models will generally be assessed as previously described.!%>32
We will use Stan's default dynamic Hamiltonian Monte Carlo sam-
pler with 4 chains with at least 50,000 post-warm-up samples in
total, and with bulk/tail effective sample sizes of at least 10,000 for
the parameters of interest. We will tune sampler settings to avoid
divergent transitions and assess chain convergence by visual in-
spection of overlain density and trace plots, and by requiring Rhat
statistics < 1.01 for all parameters.®*>3* We will assess model fit by
using graphical posterior predictive checks? and Pareto-smoothed
importance sampling leave-one-out cross validation.>>¢ If multiple
imputation is used, models will be fitted and assessed separately in
each imputed dataset before posteriors are pooled, with the require-
ments for the number of post-warm-up samples and effective sam-

ple sizes applying to the pooled samples.

3 | DISCUSSION

The outlined, pre-planned, secondary Bayesian analysis of the
COVID STEROID 2 trial will provide additional information on the
effects of higher vs lower doses of dexamethasone in adult patients
with COVID-19 and severe hypoxia as a supplement to the conven-
tional frequentist analyses. These Bayesian analyses may help clini-
cians, researchers and policymakers interpret the results and guide
care and further research.

In frequentist analyses, P-values <.05 are conventionally inter-
preted as evidence for different intervention effects. This dichot-
omisation frequently leads to the common misinterpretation that
absence of evidence (ie P = .05) equals evidence of absence (ie no

difference),”%8

although the reason for P > .05 can be either no dif-
ference, random variation, too little accrued data or an effect size
smaller than expected when the trial was planned. Moreover, com-
parable problems exist when interpreting P-values < .05 of single
trials.3? As P-values offer no information on the effect size, esti-
mates of effect sizes and associated uncertainty measures are more
informative.*° Frequentist methods assess uncertainty using 95%
confidence intervals (Cls); if the study was repeated an indefinite
number of times, 95% of these would contain the true intervention
effect. However, 95% Cls are frequently misinterpreted as the 95%
most likely values.3®

Results from Bayesian analyses may be easier to interpret,
as direct probabilities of any effect size of interest can be calcu-
lated, and as 95% Crls do represent the 95% most likely values,
given the prior, the data and the model.'? In addition, the use of
Bayesian analyses may help avoid common errors in interpreta-

tion and may, as recently recommended,** help shift focus away
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from dichotomised interpretations of trial results and towards a
focus on effect sizes and interpretation of evidence as a contin-
uous measure. Regardless of how the COVID STEROID 2 trial is
analysed, some uncertainty is expected to remain even after the
results are available. However, as corticosteroids are generally
considered safe and are widely used in critically ill patients, the
clinical threshold for using a higher dose of corticosteroids in
COVID-19 may be different from thresholds for introducing new,
potentially expensive and potentially invasive treatments.*? Given
the current pandemic, it may be considered reasonable to act on
probabilities in spite of uncertainty, as has recently been argued

for other treatment decisions in the critically ill. 4243

3.1 | Strengths and limitations

The proposed study has several strengths in addition to the gen-
eral strengths of the COVID STEROID 2 trial outlined in the primary
protocol.9 The Bayesian approach offers potential advantages when
interpreting the results, as outlined above. In addition, we will pre-
sent results on both the absolute and relative effect scales; while
relative effect measures are generally more transportable to other
populations and settings, absolute effect measures may be easier to
interpret from a clinical point of view.

The study comes with limitations, too. As discussed above, un-
certainty may remain after the results are known, and no statisti-
cal method will prevent this. Furthermore, the effects of different
doses of dexamethasone may differ in patients with different co-
morbidities or by interacting with other treatments that may not
be identified in this study. Moreover, our choice of what consti-
tutes minimally important clinical differences may be challenged,
and both smaller and larger effects may be relevant; this limitation,
however, is mitigated by graphical presentation of probabilities for

all effect sizes.

4 | CONCLUSION

In conclusion, the proposed secondary, pre-planned Bayesian analy-
sis of the COVID STEROID 2 trial will provide additional information
on the effects of higher vs lower doses of dexamethasone in adult
patients with COVID-19 and severe hypoxia. These results will sup-
plement the conventional, frequentist analyses and may help clini-
cians, researchers and policymakers interpret the results and guide
care and further research while avoiding arbitrary dichotomisations
and potentially erroneous claims of “no difference” between interven-

tion effects.
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