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Summary

Purpose To determine whether a 6-day course of
methylprednisolone (MP) improves outcome in pa-
tients with severe SARS-CoV-2 (Corona Virus Disease
2019 [COVID-19])).

Methods The study was a multicentric open-label trial
of COVID-19 patients who were aged >18 years, re-
ceiving oxygen without mechanical ventilation, and
with evidence of systemic inflammatory response who
were assigned to standard of care (SOC) or SOC plus
intravenous MP (40mg bid for 3 days followed by
20mg bid for 3 days). The primary outcome was
a composite of death, admission to the intensive care
unit, or requirement for noninvasive ventilation. Both
intention-to-treat (ITT) and per protocol (PP) analyses
were performed.

Results A total of 91 patients were screened, and 64
were randomized (mean age70+ 12 years). In the ITT
analysis, 14 of 29 patients (48%) in the SOC group and
14 of 35 (40%) in the MP group suffered the composite
endpoint (40% versus 20% in patients under 72 years
and 67% versus 48% in those over 72 years; p=0.25).
In the PP analysis, patients on MP had a significantly
lower risk of experiencing the composite endpoint
(age-adjusted risk ratio 0.42; 95% confidence interval,
CI 0.20-0.89; p=0.043).

Conclusion The planned sample size was not achieved,
and our results should therefore be interpreted with
caution. The use of MP had no significant effect on
the primary endpoint in ITT analysis; however, the PP
analysis showed a beneficial effect due to MP, which
consistent with other published trials support the use
of glucocorticoids in severe cases of COVID-19.

Keywords Glucocorticoids - SARS-CoV-2 - Mortality -
Coronavirus Infections - Humans

Introduction

It has been generally admitted that corticosteroid
therapy should not be routinely recommended in
cases of viral pneumonia because the steroids might
exacerbate lung injury [1]. This is the reason why
guidance from the World Health Organization (WHO)
at the start of the SARS-CoV-2 (COVID-19) pandemic
advised against systematic use of corticosteroids in
COVID-19 patients [2].

The rapid clinical deterioration of severely ill
COVID-19 patients with viral pneumonia progresses
into a disorder similar to the acute respiratory dis-
tress syndrome (ARDS) with multiple organ failure
and death [3, 4]. The association of increasing inter-
leukin (IL) levels and very high acute phase reactants
[5-9] act as signals for a highly systemic inflammatory
response. These two findings in COVID-19 patients
have led clinicians to question the recommendations
against using corticosteroids. Besides, the potential
benefit of corticosteroids in ARDS due to other causes
has prompted interest in using them in COVID-19

[10]. During the first month of the pandemic, several
authors recommended prescribing corticosteroids
based on anecdotal observations and retrospective
uncontrolled series of patients [11-14]. In contrast,
other studies argued that corticosteroids may be dele-
terious and cause delayed viral clearance in COVID-
19 patients [15] as was also found in SARS patients
[16].

On 17 July 2020, the RECOVERY trial was published
[17] in which glucocorticoid use showed a clear ben-
eficial effect in patients with COVID-19 who were on
mechanical ventilation at the time of randomization
in the United Kingdom (UK). Other studies have con-
firmed a decrease in the number of ventilator-free
days (CoDEX [18]) after steroid administration. In
addition, two studies of critically ill patients (CAPE-
COVID [19] and REMAP-CAP-COVID [20]) showed
a tendency for improvement in patients receiving cor-
ticosteroids; however, both were stopped early after
the RECOVERY publication. In contrast, METCOVID
[21] did not show differences in mortality after a short
course of methylprednisolone (MP). The evidence for
the association of systemic corticosteroids with a re-
duction in critically ill COVID patient mortality has
been summarized in two systematic reviews [22, 23].

The RECOVERY trial results showed a modest ben-
efit of corticosteroids in less severely ill patients re-
ceiving oxygen without invasive mechanical ventila-
tion (IMV). No benefits from the use of corticosteroids
were found in patients without respiratory support on
admission.

The lack of data in patients with moderate to se-
vere disease but not yet requiring intensive care or
mechanical respiratory support prompted us to re-
port the results of a planned interim analysis of the
patients who are included in our study to date. Data
are needed to perform meta-analyses to better char-
acterize the glucocorticoid outcomes in this subgroup
of patients who show evidence of moderate to severe
lung disease and a marked inflammatory response but
still do not require mechanical ventilation.

Patients, material and methods
Study design

GLUCOCOVID is a randomized, open-label, con-
trolled, two-arm, parallel-group, trial conducted at
five hospitals in Spain (Hospital Universitario Mar-
qués de Valdecilla, Hospital Universitario Rio Hort-
ega, Hospital El Bierzo, Hospital Laredo, and Hospital
Sierrallana). The study was designed to address the
efficacy of adding MP to standard therapy in patients
with moderate to severe COVID-19.

We designed a pragmatic, randomized trial. In ad-
dition to the randomized trial, we also collected data
from patients who had not been randomized either
because the patient had a treatment preference or be-
cause their doctor preferred a specific treatment. The

Short course corticosteroids in COVID-19

@ Springer



original article

data from the patients included in this preference arm
were analyzed separately from the data of the patients
included in the randomized clinical trial. The reason
for including this preference arm was an attempt to
avoid inclusion bias in the current setting in which
many physicians feel glucocorticoids may have a ben-
eficial effect in COVID-19 despite the absence of ev-
idence from controlled clinical trials. The incorpora-
tion of patient and/or physician preferences is based
on the well-described preference trial designs, which
allows incorporation of patient preferences [24, 25].

The study was registered at the European Clini-
cal Trials Register (EudraCT number: 2020-001934-
37) and the Spanish Registry of Clinical Studies (2020-
001934-37).

Participants

Eligible patients were hospitalized subjects over
18 years of age with a laboratory confirmed diag-
nosis of SARS-CoV-2 infection. Additional inclusion
criteria consisted of several parameters:

1. Symptom duration of at least 7 days

2. Radiological evidence of lung disease on chest X-ray
or computed tomography (CT) scan

3. Moderate to severe disease with abnormal gas ex-
change:

(a) partial pressure of oxygen/fraction of inspired
oxygen (PaO2/FiO2 or PaFi) <300,

(b) arterial oxygen saturation/fraction of inspired
oxygen (Sa02/FiO2 or SaFi) <400 or

(c) at least two criteria of the BRESCIA-COVID Res-
piratory Severity Scale (BCRSS) [26].

4. Evidence of a systemic inflammatory response
with any of the following: serum C-reactive pro-
tein (CRP) >15mg/dl, D-dimer >800ng/ml, fer-
ritin >1000mg/dl, or interleukin-6 (IL-6) levels
>20pg/ml (the available biochemical tests in ev-
ery hospital depended on local protocols).

Patients were excluded if they were mechanically ven-
tilated, hospitalized in the intensive care unit (ICU),
treated with corticosteroids or immunosuppressive
drugs at the time of enrolment, had chronic kidney
disease on dialysis, or were pregnant.

The study was approved by the institutional review
boards of participating hospitals, and patients gave
informed consent.

Treatment allocation

Once an eligible patient was identified, and the clin-
ical team decided that a strong preference for glu-
cocorticoid therapy existed based on either patient’s
and/or treating physician’s preferences, the patient
was allocated to the preference arm and they were
not randomized. Otherwise, the patient was random-
ized and allocated to the MP or control arm accord-
ingly. Patients were randomized based on a spread-

sheet that transformed every medical record number
into a group allocation using a concealed mathemat-
ical formula.

Interventions

Patients in both study groups received standard of
care (SOC) therapy according to the local hospital
protocols. The SOC protocols were similar across
the participating hospitals and were based on the
Spanish Ministry of Health [27] and WHO recom-
mendations [2]. The SOC included symptomatic
treatment with acetaminophen, oxygen therapy, low-
molecular weight heparin, and antibiotics for co-
infections. Azithromycin, hydroxychloroquine, and
lopinavir plus ritonavir were frequently prescribed.

Biochemical tests and imaging studies were per-
formed according to clinical criteria and local proto-
cols using standard techniques.

In addition to SOC, patients in the experimental
group received intravenous (iv) MP 40mg bid for 3
days and then 20mg bid for 3 more days. The initi-
ation of MP occurred on the same day of inclusion
in the trial. The clinical teams freely prescribed in-
terleukin-blocking agents and other therapies as indi-
cated.

Outcome

The primary outcome measure was a composite end-
point that included in-hospital all-cause mortality, es-
calation to ICU admission, or progression of respira-
tory insufficiency that required noninvasive ventila-
tion (NIV).

The secondary outcomes included the effects on
the individual components of the composite endpoint
and the variation of the laboratory biomarkers be-
tween baseline and 6 days after inclusion (time win-
dow 4-8 days).

The recorded prespecified adverse events were hy-
perglycemia (>180mg/dl based on the fasting blood
glucose test) in the first 6 days after being included in
the study (period of MP administration) and nosoco-
mial infection (infection confirmed with positive cul-
tures that was not present at the time trial inclusion
but occurring within 3-28 days after first dose of MP).

Sample size and statistical analysis

With an event rate of 40% in the control arm, and
a 50% risk reduction by MP, 180 patients would be
needed. Due to the marked decline of new cases in
our area after May 2020, the sample size could not be
achieved. The study was interrupted in July 2020 after
the publication of the RECOVERY trial. In this paper,
we report the results of the interim analysis, which
was planned a priori after inclusion of 90 patients to
avoid delaying the communication of clinically useful
data in the current pandemic scenario.

@ Springer
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Continuous variables were compared using Stu-
dent’s t-test and analysis of variance (ANOVA) or
Mann-Whitney U and Kruskal-Wallis tests if vari-
ables were not normally distributed. We compared
categorical variables using Fisher’s exact test. Rela-
tive risk ratio and differences in absolute risks were
derived from the estimated risks of the primary com-
posite endpoint. In stratified analyses, the combined
risk ratio was computed with the Mantel-Haenszel
method. Survival plots were constructed with the Ka-
plan-Meier method and compared with the log-rank
test. Patients were followed until hospital discharge
or day 28 after inclusion.

The analysis was performed according to the inten-
tion-to-treat (ITT) principle. The main analysis was
complemented with a per protocol (PP) analysis. For
the latter method, we considered those patients in the
MP group who had received at least three doses of the
drug (thus at least 24 h after inclusion) before the pri-
mary endpoint was reached. The treatment arms were
independently studied considering the preference and
randomization arms in addition to combining both
MP arms.

Results

From April to July 2020, 91 patients were included in
GLUCOCOVID trial (Fig. 1) and 5 patients were later
eliminated from the analysis (2 were previously on
corticosteroids, 1 was on NIV, 1 was taken to the ICU

after MP initiation, and 1 patient with initial suspicion
of COVID-19 was finally diagnosed with vasculitis). A
total of 22 patients received MP according to the clin-
ician’s preference, and 64 patients were randomized
to 1 of 2 groups (35 to MP and 29 to SOC). In two
patients in the SOC group but none in the MP group,
clinicians prescribed MP boluses after initial alloca-
tion because of deterioration of the patient’s condi-
tion. One patient in SOC group received MP boluses
before clinical deterioration.

Those in the MP arm were older (73 versus 66 years;
p=0.012), but the baseline characteristics were other-
wise very similar across groups (Table 1 and Supple-
mentary Material, Appendix 1). In line with available
protocols at the time, more than 90% of the patients
received hydroxychloroquine and/or azithromycin
during hospital admission. Although an active search
for arrhythmia was not planned in the study protocol,
no clinically significant arrhythmias were reported.

At baseline, study groups had similar biomarker
levels. The CRP levels were lower in both groups 6
days later but the decrease was more pronounced in
the MP group (77% decrease versus 43%, p=0.034).
Other biomarkers were similar in the control and MP
groups (Supplementary Material, Appendix 2).

In the ITT analysis, the primary composite end-
point tended to be less frequent in the MP group than
in the SOC group, but the difference did not reach
statistical significance with a relative risk (RR) of 0.68
(95% confidence interval, CI 0.37-1.26; p=0.250).

Fig. 1
diagram

GLUCOCOVID flow

91 hospitalized patients with COVID-19
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Table 1 Baseline characteristics of the study groups at randomization

Total

(n=164)
Age, years, mean = SD 7012
Sex (male, %) 39 (61)
Days from symptom onset to inclusion, mean + SD 12+6

COVID-19 characteristics
SAFI (Sa02/FI 02), median (IQR)
Creatinine, mg/dl, median (IQR)
Lymphocytes 109/L, median (IQR)
Platelets 109/L, median (IOR)
CRP, mg/dl, median (1QR)
D-dimer, ng/ml, median (IQR)
Ferritin, mg/dl, median (IQR)

0.9 (0.7-1.1)
0.8 (0.6-10)

16 (12-24)

qSOFA (points), median (IQR) 1(1-1)
Comorbidities

Hypertension, 1 (%) 30 (47)
Cardiac disease, n (%) 8(13)
Respiratory disease, 1 (%) 5(8)
Diabetes, n (%) 11(17)
Therapy

Azithromycin, n (%) 58 (91)
Hydroxychloroquine, n (%) 61 (95)
Lopinavir/ritonavir, n (%) 53 (83)
LMWH (prophylactic dose), n (%) 49 (77)
LMWH (anticoagulant dose), n (%) 9(14)

262 (179-350)

232 (180-335)

1240 (681-2093)
1052 (517-1504)

S0C MP Mean differences SOC vs. MP
(n=29) (n=35) (95% Cl)

66+12 73+ 11 -7 (-13t0-2)

16 (55) 23 (66) -11% (=33 to 13)

12+7 12+5 0.3(-2.6103.2)

319 (169-406) 254 (180-337) 18 (-38 1o 74)

09(0.7-1.1)  09(0.8-1.1)  -0.1(-0.3100.2)
0.8(0.6-10)  0.8(0.6-10) -0.2 (0.6 10 0.3)
244 (215-359) 216 (159-338) 19 (41 t0 80)

16 (11-24) 16 (12-24) 0.1 (-4t04)

980 (557-1856) 1340 (712-2152) —1912 (—4879 to 1054)
976 (449-1355) 1100 (627-1574) —182 (—661 to 297)
1(1-1) 1(1-1) —0.06 (-0.310 0.2)

12 (41) 18 (51) —10% (32 to 14)
4(14) 4(11) 3% (~14 to 20)
1(3) 4(11) —8% (2210 7)
4(14) 7 (20) —6% (24 t0 13)
29 (100) 29 (83) 17% (-2 to 33)
29 (100) 32 (91) 9% (-4 to 22)

28 (97) 25 (71) 26% (7 t0 42)

22 (76) 27 (77) 1% (~22 to 18)
4(14) 5 (14) 0.5 (-17 10 18)

Cl confidence interval, CRP C-reactive protein, /QR interquartile range, LMWH low molecular weight heparin, MP methylprednisolone, gSOFA Quick Sequential
Organ Failure Assessment, SAFI hemoglobin 02 saturation/fraction of inspired oxygen, SD standard deviation, SOC standard of care, SOFA sequential organ

failure assessment

Table 2 Comparison of patients in the control and methylprednisolone (MP) arms. Age-stratified analyses

Outcome Methylprednisolone Standard of care
Intention-to-treat

<72years 2/10 (20%) 8/20 (40%)
>72years 12/25 (48%) 6/9 (67%)

Total 14/35 (40%) 14/29 (48%)
Per protocol

<72years 1/9 (11%) 8/20 (40%)
>72years 8/21 (38%) 6/8 (75%)

Total 9/30 (30%) 14/28 (50%)

aMantel-Haenszel, age-stratified risk

Advanced age was unbalanced between group and
significantly associated with an adverse outcome
(p=0.024). Thus, to adjust age imbalance between
groups, we performed an age-adjusted analysis by
stratifying patients into two groups. We selected
the median age (72 years) as the cut-off to split the
groups (Table 2 and Fig. 2). Neither the average time
from symptom onset to inclusion (11+6 days for
the patients who achieved the endpoint, 12+5 days
for patients who did not achieve the endpoint, dif-
ference -1 day, 95% CI —4-2 days) nor the average
time from hospital admission to inclusion (4+6 days
versus 4+4 days, difference -0.3 days, 95% CI -2-3
days) were associated with the achievement of the

Relative risk (95% CI) p

0.50 (0.13-1.93) 0.273
0.72 (0.39-1.33) 0.336
0.68 (0.37-1.26)2 0.250
0.28 (0.04-1.90) 0.120
0.51 (0.26-1.00) 0.074
0.42 (0.20-0.89)? 0.043

endpoint. Data of the individual components of the
primary endpoint are described in detail in Sect. 3 of
Supplementary Material.

In the PP analysis, we included patients who re-
ceived at least three MP doses before the compos-
ite endpoint occurred (this step indicates at least 24h
elapsed between inclusion and the occurrence of an
endpoint event). The use of MP was associated with
a significantly lower risk of the composite outcome
with a 20% absolute risk reduction (30% versus 50%)
and RR 0.42 (95% CI 0.20-0.89; p=0.043) as shown
in Table 2 and Supplementary Material, Appendix 3.
In the age-stratified analysis, RR was 0.28 (95% CI
0.04-1.90) in the group up to 72 years of age and 0.51

@ Springer
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Randomized patient (n=64) [intention to treat]

50 Standard of care

Methylprednisolone

Composite endpaint (%)
8
1

T T T T T
0 7 14 21 28
No. at risk Days since randomization
Standard of care 29 16 15 15 15
Methyprednisolone 35 25 22 21 21
a
Fig. 2

Randomized patient according age group (n=64) [intention to treat]

Standard of care (>=72yr)

Methviprednisolone (>=72vr)

ool Standard of care (<72yr)

Methylprednisolone (<72yr)

Composite endpaint (%)
8
1

<72yrp=0329
>=72vyrp=0402
All patients p=0.133

T T T T T

0 7 14 21 28
No. at risk Days since randomization
Standard of care <70yr 19 " " 1" "
Standard of care 270yr 10 5 4 4 4
Methyprednisolone <70yr 9 7 7 7 7
Methyprednisolone 270yr 26 18 15 14 14
b

Intention to treat analysis. Kaplan—Meier plots showing the probability of occurrence of the primary composite endpoint

(ICU admission, need of NIV or death) on the control vs. methylprednisolone groups (a Total group, b stratified by age)

Randomized patient (n=58) [per protocol]

70
60 Standard of care
50
£
E
8 40
° Methviprednisolone
5
z
2 30
a
E
=]
o
20
104
o
T T T T T
0 7 14 21 28
No. at risk Days since randomization
Standard of care 28 15 14 14 14
Methyprednisolone 30 25 22 21 21

a

Randomized patient according age group (n=58) [per protocol]

70
Standard of care (>=72yr)
60+
_ 50
£ Standard of care (<72yr)
E
8 40 J
=t
2 .
2 H
2 [R———— i
g 37 _, Methylprednisolone (>=72yr)
£ §
o
201 H
Methylprednisolone (<72yr)
104
<72yr p=0.149
>=T2yr p=0.059
07 All patients p=0.008
T T T T T
0 7 14 2 28
No. at risk Days since randomization
Standard of care <70yr 19 " " " 1
Standard of care 270yr 9 4 3 3 3
Methyprednisolone <70yr 8 7 7 7 7
Methyprednisolone 270yr 22 18 15 14 14

Fig. 3 Per protocol analysis. Kaplan—Meier plots showing the probability of occurrence of the primary composite endpoint (ICU
admission, need of NIV or death) on the control vs. methylprednisolone groups (a Total group, b stratified by age)

(95% CI 0.26-1.00) in the group over 72 years (Ta-
ble 2). Thus, although age was a confounding vari-
able, no statistically significant interaction between
age and the effect of MP was noted. Survival analysis
confirmed those results with a significant difference
between SOC and MP groups (p=0.008, Fig. 3).

Of the patients 10 received the IL-6 blocking agent,
tocilizumab, 6 (17%) in the MP randomized group
and 4 (14%) in the control group; in four patients
on the MP group (11%), the IL-1 blocking agent,
anakinra, was prescribed. After patients treated with
tocilizumab and/or anakinra were excluded from the
analysis, the results were similar to those found in the
whole group, RR 0.62 (95% CI 0.31-1.22) in intention

to treat analysis, and RR 0.48 (95% CI 0.22-1.05) in
per protocol analysis.

Patients receiving MP in the preference arm had
similar characteristics to those in the randomized
groups (Supplementary Material, Appendix 1). The
comparison of the whole MP group (combining pa-
tients in both MP arms, preference or randomized)
and the SOC group confirmed the beneficial effect
of MP both in the intention to treat analysis (age-
adjusted RR 0.56, 95% CI 0.32-0.96, p=0.041) and
in the per protocol analysis (age adjusted RR 0.33,
95% CI 0.17-0.65, p=0.003) (supplementary material,
appendix 3).

Hyperglycemia (>180mg/dl) was more frequent in
the MP group (9 patients in the MP group, 26%, and
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none in the SOC group, p=0.015). Nosocomial infec-
tions also tended to be more common in the MP group
(14% versus 3% p=0.637) as shown in Supplementary
Material and Appendix 4. The length of stay in the
hospital was similar for both groups (SOC 20+ 14 days,
MP 23 + 13 days, difference 3 days, 95% CI-10—4 days).

Discussion

In this trial, MP administration was associated with
a reduced risk of primary outcome as shown in the
PP analysis but not in the ITT analysis. Due to the
decline of new cases in our area after the implemen-
tation of social distancing and quarantining in March
2020 and the premature end of our trial after the pub-
lication of RECOVERY [17] results, we were not able to
achieve the planned sample size. In the PP analysis,
we included patients who received at least three MP
doses; however, we did not include those who experi-
enced an endpoint event less than 24 h after the first
MP dose in the analysis. Albeit somewhat arbitrary,
we reasoned that 24 h was the shortest time to expe-
rience a drug beneficial effect. Furthermore, similar
results were obtained in the analysis combining the
preference and randomized arms.

Despite the limited statistical power of our sample,
the outcomes of our PP analysis are consistent with
already published data. The RECOVERY trial showed
a lower 28-day mortality in patients receiving a 10-
day course of dexamethasone among hospitalized pa-
tients with severe COVID-19 (patients were receiving
either oxygen alone or IMV). The METCOVID trial
confirmed this beneficial effect with a short course
of MP only in patients over 60 years with severe
COVID 19 (with SpO2<94% in room air, use of sup-
plementary oxygen, or under IMV) [21]. Our study did
not include critically ill patients or patients with mild
disease. Nevertheless, the study results confirm the
beneficial effects of glucocorticoids in a well-defined
subset of patients, including those with evidence of
abnormal gas exchange and systemic inflammatory
response, who are at risk of developing ARDS, thus
becoming critically ill and requiring IMV; however,
close follow-up is needed, paying particular attention
to glucocorticoid-related side effects, such as hyper-
glycemia and higher risk of nosocomial infections.

Patients in the MP arm were somewhat older than
those in the control arm. This finding is an important
issue in this study since we confirmed that advanced
age is a risk factor for poor outcome in this study,
a finding that is in line with previously reported series
[12, 28, 29]. The confounding effect of age is complex
as it may influence not only the course of the disease
but also decisions about escalation to ICU admission
in a scenario of limited resources. Thus, age stratifi-
cation is important for an adequate interpretation of
the results. In the METCOVID trial [21] the authors
observed only a reduction in mortality with MP use in
patients over 60 years old but not in younger individ-

uals. We did not find evidence of interaction between
treatment and patient age. In other words, MP had
a similar beneficial effect both in younger and older
individuals in our study as opposed to the findings
from the METCOVID trial in which the youngest pa-
tients seem to have more fatal outcomes. The sample
size of our study hampered the possibility for achiev-
ing significance in individual endpoints, but there was
a change in the direction of the effects with more fa-
tal outcomes in the SOC group of patients who were
>72 years (50% in SOC group versus 24% in the MP
group, difference 26%, 95% CI -9-58%, in PP analysis).
Our results are also consistent with those of a recent
quasi experimental study [14] that used similar end-
points and MP doses. The primary composite end-
point occurred in 54% patients in the SOC group and
in 35% in the early glucocorticoid group. Those fig-
ures resemble our PP analysis (50% versus 30%). On
the negative side, hyperglycemia and coinfections, es-
pecially in the ICU, appear to be the more frequent
adverse events in the MP group.

Our study has several limitations. First, the sample
size was not achieved due to the aforementioned rea-
sons. Although statistical significance was achieved
in PP analysis and in the ITT analysis by combining
the randomized and preference arms, our study is un-
derpowered to detect treatment differences in the ITT
analysis limited to the randomized arms, particularly
for subgroup analyses and the secondary outcomes;
however, we feel that the results are important enough
to guide clinical decisions and to better define the ef-
fects described by larger controlled randomized trials
[30]. Second, the inclusion of a preferential arm
theoretically hampers the balance of baseline char-
acteristics across study arms. Thus, we restricted the
main analysis to the randomized arms. Neverthe-
less, the analysis combining all patients who received
MP confirmed the main results. Third, differences
in patient management across the participating hos-
pitals might have existed. Fortunately, in practice
the protocols for COVID-19 were remarkably similar
because they were based on the recommendations of
the Spanish Ministry of Health that included the use
of azithromycin, hydroxychloroquine, and lopinavir/
ritonavir. Fourth, due to the rapidly deteriorating
course of some COVID-19 patients, they were trans-
ferred to the ICU or NIV within the first 24h of study
inclusion. Therefore, they received only 1 or 2 doses
of MP, thus impeding assessment of the effects of
the drug. We included a PP analysis excluding those
patients in an attempt to obtain a measure of drug
effect that would be more relevant from the practical
point of view; however, since such analysis departs
from the more robust ITT analysis, the results should
be interpreted with caution.

In summary, although the study was terminated be-
fore achieving the complete sample size and no sig-
nificant differences in ITT analysis were found, our
PP analysis suggests that MP most likely has a clin-
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original article

ically relevant effect in reducing the risk of develop-
ing severe respiratory insufficiency and ARDS, thus
helping clinicians tailor therapy in non-mechanically
ventilated patients with lung disease and systemic in-
flammation. These data should be interpreted with
caution along with the outcomes of other trials of cor-
ticosteroid use in COVID-19 patients.
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