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Abstract N
Background: Corticosteroid treatment is an effective and common therapeutic strategy for various inflammatory lung pathologies |
and may be an effective treatment for coronavirus disease 2019 (COVID-19). The purpose of this systematic review and meta-

analysis of current literature was to investigate the clinical outcomes associated with corticosteroid treatment of COVID-19.

Methods: We systematically searched PubMed, medRxiv, Web of Science, and Scopus databases through March 10, 2021 to
identify randomized controlled trials (RCTs) that evaluated the effects of corticosteroid therapies for COVID-19 treatment. OQutcomes
of interest were mortality, need for mechanical ventilation, serious adverse events (SAEs), and superinfection.

Results: A total of 7737 patients from 8 RCTs were included in the quantitative meta-analysis, of which 2795 (36.1%) patients
received corticosteroids plus standard of care (SOC) while 4942 (63.9%) patients received placebo and/or SOC alone. The odds of
mortality were significantly lower in patients that received corticosteroids as compared to SOC (odds ratio [OR] =0.85 [95% Cl: 0.76;
0.95], P=.003). Corticosteroid treatment reduced the odds of a need for mechanical ventilation as compared to SOC (OR=0.76
[95% CI: 0.59; 0.97], P=.030). There was no significant difference between the corticosteroid and SOC groups with regards to SAEs
and superinfections.

Conclusion: Corticosteroid treatment can reduce the odds for mortality and the need for mechanical ventilation in severe COVID-
19 patients.

Abbreviations: ARDS = acute respiratory distress syndrome, COVID-19 = coronavirus disease 2019, ICU = intensive care unit,
OR = odds ratio, RCT = randomized controlled trial, SAE = serious adverse event, SARS-CoV = severe acute respiratory syndrome
coronavirus, SOC = standard of care.
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1. Introduction

There have been approximately 126.4 million cases of coronavi-
rus disease 2019 (COVID-19), which have resulted in approxi-
mately 2.8 million deaths worldwide as of March 28, 2021.!"!
COVID-19 is characterized by a hyperinflammatory response
consisting of pro-inflammatory cytokines and chemokines, such
as interleukin (IL)-1, IL-6, interferon-y (IFN-y), vascular
endothelial growth factor (VEGF), and tumor necrosis factor-a
(TNF-).!*! The elevated inflammatory response as a result of
COVID-19 can lead to acute respiratory distress syndrome
(ARDS) and poor prognosis.>=!

Corticosteroids exert anti-inflammatory effects by suppressing
the production of many initial phase cytokines (IL-18, IL-6, TNF-
a, etc).! Indeed, corticosteroid treatment is an effective and
common therapeutic strategy for several inflammatory lung
pathologies (e.g., asthma). However, results from studies of other
respiratory viruses (e.g., influenza, Middle Eastern respiratory
syndrome, severe acute respiratory syndrome coronavirus-1
[SARS-CoV-1]) failed to show a conclusive benefit with
corticosteroids,”! although these studies were largely observa-
tional and suffered from low statistical power.”®! Moreover,
corticosteroids were commonly administered to patients with the
greatest disease severity, which makes it difficult to compare
outcomes between groups.!®! Here, we performed a systematic
review and meta-analysis of randomized controlled trials (RCTs)
to investigate the clinical outcomes associated with corticosteroid
treatment of COVID-19.

2. Methods

2.1. Search protocol

We systematically searched PubMed, medRxiv, Web of Science,
and Scopus through March 10, 2021. We used the following
search strings:

1. (COVID-19 OR SARS-CoV-2 OR “novel coronavirus”) AND
(steroids OR corticosteroids OR glucocorticoids);

2. (COVID-19 OR SARS-CoV-2 OR “novel coronavirus”) AND
(steroids OR corticosteroids OR glucocorticoids) AND (RCT
OR “randomized controlled trial” OR randomized controlled
trial); and

3. (COVID-19 OR SARS-CoV-2 OR “novel coronavirus”) AND
(steroids OR corticosteroids OR glucocorticoids) AND (RCT
OR “randomized controlled trials”).

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. This study did not require ethics approval
or informed consent as no patient information was collected.

2.2. Study selection and risk of bias

We included all RCTs that evaluated the therapeutic effect of
corticosteroids in comparison to standard of care (SOC) for
treatment of moderate to severe COVID-19, provided that at least
one of the prespecified outcomes of interest was reported. Search
results were excluded if they were: study type — meta-analysis or
review, editorial, opinion article, correspondence, letter to the
editor, technical note, in vitro or in vivo study, methods article,
protocol, case report, recommendations, or guidelines. Studies
were also excluded if they did not report treatment for COVID-19
with corticosteroids, if they did not report patient outcomes, or if
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they were single-armed (had no comparison group). The literature
was independently screened by at least 2 authors per article.
The risk of bias and levels of evidence of each study was scored
using the Scottish.
Intercollegiate Guidelines Network (SIGN) checklists for
controlled clinical trials.””’ As such, individual items on checklists
were categorized as follows:

“Well covered” or “Yes”
“Adequately addressed”
“Poorly addressed”

“Not addressed” or “No”
“Not applicable (N/A)”

When individual items were determined to be only “adequately
addressed” or “poorly addressed,” detailed explanations were
provided in the risk of bias assessment form. The risk of bias
among individual studies was coded as follows:

e High quality (++)

e Acceptable quality (+)
e Low quality (—)

e Unacceptable (0)

2.3. Data extraction

Data were extracted by YSP, SK, and MS. Extracted data were
checked for accuracy independently by JMP, who also completed
statistical analyses. Outcomes collected were mortality, length of
hospital stay, intensive care unit (ICU) admission, mechanical
ventilation, days on mechanical ventilation support, serious
adverse events (SAEs), and superinfection.

2.4. Data analysis

All data were entered into a Microsoft Excel sheet and imported to
R for analysis using the metafor package''®! We used Higgin I*
statistics to estimate the percentage of variability in effect estimates
that is due to heterogeneity rather than sampling error.'"! Effect
sizes were computed as log transformed odds ratios (ORs). To aid
in interpretation, log transformed effect sizes were converted back
to their original scale after performing each meta-analysis. A
separate random effects model was fit for each outcome measure.
Accordingly, the between-study variance component was estimat-
ed using a restricted effects maximum likelihood (REML)
estimator with 95% Cls computed using the Q-profile method.!?
REML has been shown in various simulated meta-analyses to be
robust to small study effects and low-frequency binary outcomes
(e.g., mortality), while minimizing bias for the estimation of
variance components. The Q-profile method is the default method
for computing confidence intervals for REML in the metafor
package and has been shown to perform better than standard
Wald-type methods in simulated meta-analyses.'*! 95% predic-
tion intervals (PIs) were also calculated for each outcome
measure."'3! In brief, a 95% PI estimates where the true effects
are to be expected for 95% of similar (exchangeable) studies that
might be conducted in the future."*! All statistical analyses were
performed in RStudio (Version 1.3.959, RStudio, PBC).

3. Results

A total of 7737 patients from 8 RCTs were included in
the quantitative meta-analysis (Fig. 1).'*?! Six studies were
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Figure 1. PRISMA diagram of search records and included studies.

open-label trials,'®'®2%! and 2 studies were double-blinded

trials."51”! The following formulations of corticosteroids were
evaluated against placebo and/or SOC: hydrocortisone (CAPE
COVID; REMAP-CAP),>>'”I dexamethasone (CoDEX; RECOV-
ERY),"'*8! and methylprednisolone (GLUCOCOVID; MetCO-
VID, Edalatifard et al, and Tang et al)."”-**22! Among the study
population, 2795 (36.1%) patients received corticosteroids in
addition to SOC (steroids), and 4,942 (63.9%) received placebo
and/or alone SOC. Study and patient characteristics among the
included studies are provided in Table S1, Supplemental Digital
Content http:/links.lww.com/MD/G138.

3.1. Mortality

All included studies had data regarding mortality. Of note, 1
study evaluated mortality at 30 days,”" 3 studies evaluated
mortality at 28 days,!''® 1 study evaluated mortality at 21

days,'"*1 1 study evaluated mortality at 14 days,!**! and 2 studies
did not specify a date for mortality (time of death).*>*?! Across
all available studies, the overall mortality rate in the steroids
group was 22.9% (95% CI: 13.0%; 37.1%), while the overall
mortality rate for the SOC group was 31.0% (95% CI: 20.3%;
44.3%). The mortality rate in the steroids group was significantly
lower compared to the SOC group (OR=0.85 [95% CI: 0.76;
0.95], P=.003; Fig. 2). The estimated between-study variability
unrelated to sampling error ranged from low to high (I*=39.6%
[95% CI: 0.0%; 73.3%]).

3.2. Need for mechanical ventilation

Of the studies included in the quantitative meta-analysis, 5 had
data regarding mechanical ventilation rates.!'>!718:20:211 Across
all available studies, the overall mechanical ventilation rate in the
steroids group was 14.0% (95% CL: 5.6%; 30.4%), while the
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Mortality
Steroids socC
Study Events Total Events Total Odds Ratio OR 95% Cl Weight
Edalatifard et al. 2 34 12 28— 0.08 [0.02; 0.42] 0.5%
Tang et al. 0 43 3 43 : 0.33 [0.01; 8.22] 0.1%
CAPE COVID 11 76 20 73 ——%— 0.45 [0.20; 1.02] 1.8%
CoDEX 85 151 91 148 — 0.81 [0.51; 1.28] 5.6%
RECOVERY 482 2104 1110 4321 & 0.86 [0.76;0.97] 80.0%
REMAP-CAP 41 137 33 101 — 0.88 [0.51; 1.53] 3.9%
MetCOVID 72 194 76 199 — 0.96 [0.64; 1.44] 7.2%
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Figure 2. Forest plot of subgroup comparisons of mortality rates. Pooled results were computed using restricted effects maximum likelihood with 95% confidence
intervals (Cls) computed using the Q-profile method. A 95% prediction interval (Pl) was also computed (see red bar). OR = odds ratio, SOC = standard of care.

overall mechanical ventilation rate for the SOC group was 16.3%
(95% CI: 4.6%; 44.3%). The need for mechanical ventilation
in the steroids group was significantly lower compared to the
SOC group (OR=0.76 [95% CI: 0.59; 0.97], P=.030; Fig. 3).
The estimated between-study variability unrelated to sampling
error ranged from low to high (I*’=0.0% [95% CI: 0.0%;
75.1%]).

3.3. Serious adverse events (SAEs)

Of the studies included in the quantitative meta-analysis, 4 had
data regarding SAE rates.'>1%1%221 As determined by the trial
investigators, some SAEs included in the analysis were deemed to
be unattributable to the interventions studied (discussed below).
Across all available studies, the overall SAE rate in the steroids
group was 3.6% (95% CI: 2.1%; 6.0%), while the overall SAE
rate for the SOC group was 3.7% (95% CI: 1.4%; 9.5%). There
was no significant difference in SAE rates between the steroids
group and the SOC group (OR=1.09 [95% CI: 0.37; 3.33],
P=.871; Fig. 4). The estimated between-study variability

unrelated to sampling error ranged from low to high (*=
22.2% [95% CI: 0.0%; 88.1%]).

3.4. Superinfection

Of the studies included in the quantitative meta-analysis, 3 had
data regarding superinfection rates.'>1%221 Across all available
studies, the overall superinfection rate in the steroids group was
18.3% (95% CI: 5.1%; 48.5%), while the overall superinfection
rate for the SOC group was 22.4% (95% CIL: 5.7%; 58.1%).
There was no significant difference in superinfection rates
between the steroids group and the SOC group (OR=0.75
[95% CI: 0.505 1.13], P=.172; Fig. 5). The estimated between-
study variability unrelated to sampling error ranged from low to
high (I*=0.0% [95% CI: 0.0%; 73.2%]).

3.5. Risk of bias and qualitative synthesis

Based on the SIGN method for controlled trials, 2 studies were
considered high quality, 4 studies were considered acceptable

Mechanical Ventilation
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Figure 3. Forest plot of subgroup comparisons of need for mechanical ventilation. Pooled results were computed using restricted effects maximum likelihood with
95% confidence intervals (Cls) computed using the Q-profile method. A 95% prediction interval (Pl) was also computed (see red bar). OR = odds ratio, SOC =

standard of care.
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Figure 4. Forest plot of subgroup comparisons of serious adverse event rates. Pooled results were computed using restricted effects maximum likelihood with
95% confidence intervals (Cls) computed using the Q-profile method. OR = odds ratio, SOC = standard of care.

quality, and 2 studies were considered low quality. The results of 4. Discussion

our quality appraisal are summarized in File S1, Supplemental ~ Here, we performed a systematic review and meta-analysis of
Digital Content http:/links.lww.com/MD/G137. Outcome  randomized controlled clinical trials that investigated the efficacy
reporting was highly heterogenous among included RCTs, with  of corticosteroid treatment for COVID-19. Corticosteroid therapy
only mortality, mechanical ventilation, SAEs, and superinfection ~ reduced the odds of mortality and the need for mechanical
being reported in at least 3 studies. Accordingly, further  ventilationin COVID-19 patients, although the therapeutic benefit
quantitative synthesis was only performed on these outcomes.  occurred in patients that required oxygen support (e.g., severe to
Study-specific outcomes and conclusions for all included studies  critical status). Corticosteroid therapy did not increase the odds for
are provided in Table S2, Supplemental Digital Content http://  SAEs or superinfection. These data suggest that corticosteroid
links.lww.com/MD/G139. Five trials (CoDEX, GLUCOCOVID, treatment can improve clinical outcomes in moderate and severe-
RECOVERY, REMAP-CAP, and Edalatifard et al) recom-  critical COVID-19 patients, and it is not associated with greater
mended corticosteroid therapy for moderate or severe COVID-  odds of adverse outcomes above and beyond standard therapies.
19 cases, each demonstrating superiority in primary clinical Corticosteroids reduce inflammation at the transcriptional
outcomes compared to standard therapy. However, the results  level by enhancing anti-inflammatory mechanisms while reducing
from GLUCOCOVID were considered a low-quality early report,  pro-inflammatory mechanisms.!**! Well-described mechanisms
which only showed benefit with the composite primary outcome  of action along with the widespread availability of corticosteroids
(ICU admission, NIV, or death) and had unclear evidence  make them a desirable therapeutic option for a wide variety of
regarding individual clinical outcomes. In addition, Edalatifard ~ pathologies. However, the efficacy of corticosteroid treatment for
et al had a large proportion of patients with protocol deviations  respiratory viruses has been questionable, especially given the
in the SOC group (6/34, 17.6%), potentially impacting the results  greater risk of poor outcomes and adverse events observed with
of the trial. The CAPE COVID, MetCOVID, and Tang et al trials ~ treatment of other respiratory syndromes (e.g., influenza, SARS-
each detected no differences in primary or secondary clinical ~ CoV-1, Middle Eastern respiratory syndrome).!”’

outcomes with corticosteroid therapy. However, these trials were We detected an overall lower odds of mortality with
terminated early following release of the RECOVERY trial  corticosteroid treatment as compared to standard therapies.
results; thus, these 3 trials were underpowered to detect — Our results were largely influenced by the RECOVERY trial,!'®!

statistically significant results. which consisted of approximately 83% of the total number of
Superinfection
Steroids sOcC
Study Events Total Events Total Odds Ratio OR 95% Cl Weight
CoDEX 33 151 43 148 —':—— 0.68 [0.40; 1.15] 60.3%
CAPE COVID 28 76 30 73 — 0.84 [0.43; 1.62] 38.1%
Edalatifard et al. 1 34 0 28 2.55 [0.10; 65.13] 1.6%
Pooled Results 62 261 73 249 - 0.75 [0.50; 1.13] 100.0%

Heterogeneity: 1 = 0.0% [0.0%; 73.2%], <° = 0 o ' ! L
0102 05 1 2 5 10
Favors Steroids Favors SOC
Figure 5. Forest plot of subgroup comparisons of superinfection rates. Pooled results were computed using restricted effects maximum likelihood with 95%
confidence intervals (Cls) computed using the Q-profile method. OR = odds ratio, SOC = standard of care.
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patients in the analysis. In the RECOVERY trial, corticosteroid
(dexamethasone) therapy provided greater mortality benefits in
patients that required invasive mechanical ventilation at randomi-
zation (29.3% vs 41.4%) and in patients that required oxygen
support without invasive mechanical ventilation at randomization
(23.3% vs 26.2%). In contrast, there was no mortality benefit with
corticosteroids in patients that required no respiratory support at
randomization (17.8% vs 14.0%). Of the remaining 7 studies, 1
study reported lower mortality with corticosteroid treatment,*?!
and 6 failed to detect significant differences in odds of mortality.'~
17,1921 However, 4 of the 6 studies exhibited trends for lower odds
of mortality with corticosteroid treatment.['>1%1%21 Moreover, 4
studies (CoDEX, CAPE COVID, REMAP-CAP, Tang et al) were
terminated early due to the results from the RECOVERY trial or a
lack of patients and were underpowered to detect statistically
significant differences in outcomes. The odds for mortality in the
CoDEX trial (OR: 0.81),/*®) which examined the effects of
dexamethasone treatment in COVID-19 patients with moderate to
severe ARDS, was of the same magnitude to that observed in the
RECOVERY trial (OR: 0.86). Moreover, the odds of mortality
were lower with corticosteroid treatment in CAPE COVID
(hydrocortisone) and REMAP-CAP trials (hydrocortisone), which
both consisted of COVID-19 patients admitted to the ICU (i.e.,
severe-critical disease).">!”! The odds of mortality could have
been lower with corticosteroid therapy in the REMAP-CAP trial as
15% of patients in the standard care group received corticosteroid
treatment as needed (e.g., postextubation stridor). The OR for
mortality with corticosteroid treatment (methylprednisolone) was
similar to standard treatment in the MetCOVID trial."'” However,
there was a distinct difference in mortality as a product of age and
treatment. Patients aged 60 years and older that received
corticosteroids exhibited lower rates of mortality at 28 days,
while patients under the age of 60 exhibited greater rates of
mortality with corticosteroids. Older patients expressed a greater
systemic inflammatory response as evidenced by elevated C-
reactive protein levels as compared to younger patients. While not
statistically significant, patients who received corticosteroid
treatment were ventilated for a longer duration before receiving
treatment, which could have influenced the treatment effect. The
preliminary results of the GLUCOCOVID trial (methylpredniso-
lone) were obtained from patients not in the ICU (less severe
disease); however, the initial mortality data from this ongoing
study were highly variable.*”! Taken together, these data indicate
that corticosteroid treatment does provide a mortality benefit in
COVID-19 patients that require oxygen support. Mortality
benefits with corticosteroid treatment may be greater in patients
that require mechanical ventilation.

Five studies reported a need for mechanical ventilation following
treatment, and the results largely reflected the quality and magnitude
of results observed with mortality. The odds for a need to
mechanically ventilate a patient were lower with corticosteroid
treatment in CAPE COVID and RECOVERY trials.'>"!¥ In the
RECOVERY trial, the need for mechanical ventilation was further
reduced in a subanalysis that examined only those patients that
required oxygen support at randomization. In contrast, the odds of a
need for mechanical ventilation in the GLUCOCOVID trial,?”!
which consisted of patients with relatively lesser forms of disease, did
not suggest a benefit with corticosteroid treatment. Aside from
mortality, there were no further analyses performed in the
MetCOVID trial to examine the effects of age (=60 years of age)
on clinical outcomes.!'”! Thus, it was unclear if the need for
mechanical ventilation would have been different in the subpopula-
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tion of patients 60 years of age or older in this trial. The CoDEX trial
consisted of patients already receiving mechanical ventilation at
enrolment."®! Patients that received corticosteroids had a signifi-
cantly greater number of ventilator-free days as compared to
standard therapy (6.6 vs 4.0). Collectively, these data indicate that
corticosteroid treatment lowers the odds of a need for mechanical
ventilation in severe-critical COVID-19 patients.

Corticosteroid therapy attenuates the immune response, which
could render patients more susceptible to infection and/or other
adverse events.**! We did not detect a difference in the odds for
SAEs or superinfection with corticosteroid treatment. It is
important to note that there were substantially fewer patients
included in SAE (n=748) and superinfection (n=510) analyses as
compared to mortality (n=7,737) and the need for mechanical
ventilation (n=757835) analyses. Aside from limited data, there was
substantial variability across studies in the odds for SAEs; however,
the overall rate of SAEs was relatively low (SOC: 3.4%, Steroids:
3.5%). Two of 4 studies (REMAP-CAP, CAPE COVID) exhibited
higher, albeit statistically insignificant, odds for SAEs with
corticosteroid treatment.!'>'*! None of the 3 SAEs were attributed
to corticosteroid treatment in the CAPE COVID trial, while only 2
of the 4 SAEs (severe neuromyopathy and fungemia) were
attributed to corticosteroid treatment in the REMAP-CAP trial.
Similarly, the odds for superinfection were the same for patients
that received corticosteroid or standard therapy. Corticosteroids
can dysregulate metabolic (carbohydrate, lipid), immune, and
inflammatory processes, which can lead to a wide variety of
adverse events.?®! Greater rates of hyperglycemia or a need for
insulin were reported in patients that received corticosteroids in
MetCOVID and GLUCOCOVID trials,!”-**! while similar rates of
hyperglycemia or a need for insulin were reported across study
groups in the CoDEX trial."®! Aside from hyperglycemia, adverse
event rates were similar between corticosteroid and standard care
arms, which was consistent with observations from studies that
utilized corticosteroid treatment for other severe disease states
(e.g., ARDS).?*?%! Taken together, corticosteroid treatment did
not increase the odds for SAEs or superinfection in COVID-19
patients, although these limited data were obtained in patients with
severe to critical forms of COVID-19.

The success of corticosteroid treatment of COVID-19 may
depend on the stage of disease at the time of treatment. In SARS-
CoV-1, the peak of viral replication and shedding occurs during the
2nd week of symptom onset; however, the peak of these processes
occurs earlier (1st week) with COVID-19 (SARS-CoV-2).126-281
The median duration of symptoms in the above mentioned trials
was in the second week of illness; as such, there were limited data
available to comment on the usefulness of corticosteroid treatment
in the early phase of the disease.!">™"%*!l Corticosteroid therapy
was associated with substantial reductions in CRP levels,*°! and
superior clinical outcomes (e.g., mortality) were observed in
subpopulations of patients with elevated CRP levels at baseline.”!
These data suggest that corticosteroid therapy is efficacious during
the hyperinflammatory stage of COVID-19.

4.1. Limitations

Due to limited data, small-study bias assessments were not
performed; as such, the pooled effect sizes for each outcome is
assumed to be affected by small study bias to some degree.
Furthermore, a limited number of studies and an inability to
access patient-level data prevented us from exploring further
sources of heterogeneity that may have impacted differences in
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clinical outcomes between treatment groups. In addition, the
steroids group also consisted of different dosing regimens, SOC
arms among studies were not consistent, and outcome reporting
was heterogenous. Another limitation is that some included trials
are still ongoing and have inconclusive results. Most of the data in
the present analysis were obtained from the RECOVERY trial.
Four of the other 7 studies were terminated early following
publication of the RECOVERY results or due to a lack of
patients.51¢1%21 The varying quality of studies included in our
meta-analysis may have also impacted the conclusions of our
study, with only 2 studies being considered high quality, double-
blinded RCTs while the rest were either moderate or low quality
open-label studies. Nevertheless, each study was deemed to be
applicable to the target population and were of sufficient quality
for inclusion based on the SIGN methodology for assessing the
risk of bias and quality of evidence of individual RCTs.

5. Conclusions

Based on a random effects meta-analysis of 8 RCTs, corticosteroid
treatment can reduce both the need for mechanical ventilation
support and mortality in moderate to severe COVID-19 patients.
Ongoing RCTs will provide evidence regarding the clinical benefit
of steroids compared to other investigational treatments.
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