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ABSTRACT

BACKGROUND: Very little direct evidence
exists on use of corticosteroids in patients
with coronavirus disease 2019 (COVID-19).
Indirect evidence from related conditions
must therefore inform inferences regard-
ing benefits and harms. To support a
guideline for managing COVID-19, we con-
ducted systematic reviews examining the
impact of corticosteroids in COVID-19 and
related severe acute respiratory illnesses.

METHODS: We searched standard interna-
tional and Chinese biomedical literature
databases and prepublication sources for
randomized controlled trials (RCTs) and
observational studies comparing cortico-
steroids versus no corticosteroids in
patients with COVID-19, severe acute
respiratory syndrome (SARS) or Middle
East respiratory syndrome (MERS). For

See related article at www.cmaj.ca/lookup/doi/10.1503/cmaj.200648

acute respiratory distress syndrome
(ARDS), influenza and community-
acquired pneumonia (CAP), we updated
the most recent rigorous systematic
review. We conducted random-effects
meta-analyses to pool relative risks and
then used baseline risk in patients with
COVID-19 to generate absolute effects.

RESULTS: In ARDS, according to 1 small
cohort study in patients with COVID-19
and 7 RCTs in non-COVID-19 populations
(risk ratio [RR] 0.72, 95% confidence
interval [CI] 0.55 to 0.93, mean difference
17.3% fewer; low-quality evidence), corti-
costeroids may reduce mortality. In
patients with severe COVID-19 but with-
out ARDS, direct evidence from 2 obser-
vational studies provided very low-
quality evidence of an increase in

mortality with corticosteroids (hazard
ratio [HR] 2.30, 95% Cl 1.00 to 5.29, mean
difference 11.9% more), as did observa-
tional data from influenza studies. Obser-
vational data from SARS and MERS
studies provided very low-quality evi-
dence of a small or no reduction in mor-
tality. Randomized controlled trials in
CAP suggest that corticosteroids may
reduce mortality (RR 0.70, 95% Cl 0.50 to
0.98, 3.1% lower; very low-quality evi-
dence), and may increase hyperglycemia.

INTERPRETATION: Corticosteroids may
reduce mortality for patients with
COVID-19 and ARDS. For patients with
severe COVID-19 but without ARDS, evi-
dence regarding benefit from different
bodies of evidence is inconsistent and of
very low quality.

n Mar. 11, 2020, the World Health Organization declared
o coronavirus disease 2019 (COVID-19) a pandemic. The
worldwide spread of COVID-19 represents a profound

threat to human health.
Clinicians frequently treat patients with COVID-19 with corti-

costeroids.? Their use is controversial: 2 commentaries published
recently in The Lancet expressed opposing views based partly on

original studies of severe acute respiratory syndrome (SARS),
Middle East respiratory syndrome (MERS) and influenza: 1 rec-
ommended against using corticosteroids, while the other recom-
mended using corticosteroids in some patients with COVID-19.3#
Formulating recommendations for clinicians regarding use of
corticosteroids in patients with COVID-19 requires systematic sum-
maries of the available evidence. Therefore, to support a clinical
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practice guideline addressing management of patients with
COVID-19,° we conducted a series of systematic reviews. Because
we anticipated a paucity of direct evidence from patients with
COVID-19, we included available evidence addressing cortico-
steroids in the treatment of acute respiratory distress syndrome
(ARDS), SARS, MERS, influenza and community-acquired pneumo-
nia (CAP), all providing indirect evidence that informs the efficacy
and safety of corticosteroid use in patients with COVID-19.

Methods

For ARDS, we used definitions in eligible studies. For severe
COVID-19, we used the World Health Organization definition of
severity: fever or suspected respiratory infection, plus 1 of the fol-
lowing: respiratory rate > 30 breaths/min, severe respiratory dis-
tress, or peripheral oxygen saturation (Sp0O,) < 93% on room air.®

For COVID-19, SARS and MERS, we conducted systematic
reviews that sought all eligible primary studies. For ARDS, influ-
enza and CAP, we chose the most recent methodologically rigor-
ous systematic reviews and searched for recent eligible primary
studies. Choice of outcomes were informed by our preliminary
protocol, by guidance from the guideline panel, and from what
authors of eligible studies reported.

Search strategies and selection criteria

Appendix 1 (available at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.200645/-/DC1) presents the protocol we developed before
launching these systematic reviews, which follow the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).”

COVID-19, SARS and MERS

With the assistance of a medical librarian (R.J.C.), we searched
MEDLINE, Embase, PubMed and the Cochrane Central Register of
Controlled Trials from the date of their inception to Apr. 19, 2020,
and searched medRxiv until Apr. 25, 2020. For studies of patients
with COVID-19, we also searched Chinese databases, including
China National Knowledge Infrastructure (CNKI), Wanfang,
Chongging VIP Information (CQVIP), and ChinaXiv. Appendix 2
(available at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.200645/-/DC1) presents the complete search strategy.

We included randomized controlled trials (RCTs), cohort and
case-control studies comparing corticosteroids versus no corti-
costeroids in patients with COVID-19, SARS or MERS. For cohort
studies and case-control studies, we included only studies that
performed adjusted analysis unless all studies failed to conduct
an adjusted analysis, in which case we included unadjusted
analyses. For overlapping studies (studies that included patients
from the same data sources), we included only the larger unless
there was a specific additional helpful analysis in the smaller.

ARDS, influenza and CAP

We conducted separate searches for ARDS, influenza and CAP using a
2-stage process (for search strategy, see Appendix 2). First, to identify
systematic reviews that examined the effect of corticosteroids on
ARDS, influenza or CAP, we searched MEDLINE, Embase, the Cochrane
Database of Systematic Reviews and Epistemonikos, and chose the

most recent methodologically rigorous one. Second, we searched
MEDLINE, Embase and ClinicalTrials.gov for ARDS and CAP, and
searched MEDLINE, Embase, PubMed and the Cochrane Central Regis-
ter of Controlled Trials for influenza, for studies published subsequent
to the search of the chosen reviews. For ARDS and CAP, we included
only RCTs. For influenza, we included RCTs and cohort studies.

For all searches, 2 reviewers independently screened titles and
abstracts and, subsequently, full texts of potentially eligible
studies to determine final eligibility. Disagreements were resolved
by discussion or, if necessary, referral to a third reviewer. We
applied no language restriction.

Data analysis

Two reviewers independently extracted study characteristics,
with adjudication by a third reviewer if necessary. Outcomes
included mortality, length of intensive care unit (ICU) stay, length
of hospital stay, duration of mechanical ventilation, need for
mechanical ventilation, viral ribonucleic acid (RNA) clearance,
viral shedding time, serious hyperglycemia, superinfection,
neuromuscular weakness and gastrointestinal bleeding.

We calculated summary estimates using Stata or Review Manager
and calculated relative effects (odds ratios [ORs], risk ratios [RRs] or
hazard ratios [HRs]) and 95% confidence intervals (95% Cls) for
dichotomous outcomes, and mean differences (MDs) and 95% Cls for
continuous outcomes using a random-effects model. For continuous
outcomes and adjusted estimates, we used the inverse variance
(DerSimonian and Laird) method; for dichotomous outcomes from
RCTs, we used the Mantel-Haenszel method. We assessed inconsis-
tency among studies by differences in point estimates and overlap of
the confidence intervals, and the /? statistic. For dichotomous out-
comes, we calculated the absolute treatment effects by applying rela-
tive effects to risk in patients not receiving corticosteroids in 2 groups:
patients with severe COVID-19 and patients with COVID-19 and ARDS.
We chose the baseline mortality risk of patients with COVID-19 and
ARDS from an observational study of patients with COVID-19 and
ARDS,® and the baseline mortality risk of patients with severe COVID-
19 from an observational study of patients with severe COVID-19.2 For
other outcomes, we relied for baseline risks on the medians of the
groups not receiving corticosteroids in the included studies.

Risk of bias assessment

We used the ROBIS risk of bias tool® to choose the most
methodologically rigorous systematic review to be updated. We
used a modified version of the Cochrane risk of bias tool* to assess
risk of bias in RCTs, and a revised version of the Newcastle-Ottawa
Scale™? for observational studies (details available at www.
evidencepartners.com/resources/methodological-resources/). Two
reviewers independently assessed risk of bias, resolving disagree-
ments with a third reviewer if necessary.

Rating of evidence quality

We used the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) approach to rate the quality of evi-
dence for each outcome as high, moderate, low or very low.® The
assessment included judgments addressing risk of bias,** impreci-
sion,*® inconsistency,® indirectness!” and publication bias.?® If
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there were serious concerns in any of these domains (for instance,
in risk of bias), we rated down the quality of the evidence. Because
the effect of corticosteroids in these diseases might differ from
effects in the COVID-19 population, using the GRADE approach, for
benefit outcomes in SARS and MERS, we rated down 1 level for
indirectness, and for ARDS, influenza and CAP, we rated down
2 levels. Because we considered estimates of harm to be more
likely to apply across populations than benefit outcomes, for all
populations we rated down 1 level for harms.

Ethics approval
Ethics approval was not required for this systematic review.

Results

Appendix 3 (available at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.200645/-/DC1) presents the study selection process. Our
search for COVID-19, SARS and MERS identified 5120 citations.
After removing duplicates, screening titles and abstracts, and
reviewing full texts, we ultimately included 1 cohort study?® includ-
ing 84 patients with COVID-19 and ARDS, 5 cohort studies®*%
including 679 patients with COVID-19 but without ARDS, 3 studies
(2 cohort studies?*?* and 1 RCT%) including 7087 patients with
SARS, and 2 cohort studies?”?® including 623 patients with MERS.

Our search for systematic reviews of ARDS identified 836 cita-
tions; we ultimately chose a systematic review published in 2019 as
the target for updating.?® Our search for primary studies identified
1 new eligible RCT published in 2020.% Including 6 RCTs identified
from the previous review, we included 7 RCTs**-3¢ with 851 patients.

Our search for systematic reviews for influenza identified
525 citations; we ultimately chose a systematic review published
in 2019 as the target for updating.3” Our search for primary
studies identified 1 new eligible study published in 2020.3¢
Including 30 studies identified from the previous review, we iden-
tified 31 eligible studies,**-*° of which 21 with 9536 patients were
included in meta_analyses.41,43747,50,52,53,55761,63765,68,69

Control

Our search for systematic reviews for CAP identified 346 citations.
We ultimately chose a systematic review published in 2015 as the tar-
get for updating.” Our search for primary studies identified 1 new eligi-
ble study published in 2016.™ With 12 RCTs from the previous review,
our systematic review included 13 RCTs"*-# including 2095 patients.

Appendix 4 (available at www.cmaj.ca/lookup/suppl/
doi:10.1503/cmaj.200645/-/DC1) presents characteristics of the
included studies. Appendix 5 (available at www.cmaj.ca/lookup/
suppl/doi:10.1503/cmaj.200645/-/DC1) presents the risk of bias
assessment for each study. Forest plots of the meta-analysis
results are shown in Figures 1-5 for mortality and in Appendix 6
(available at www.cmaj.ca/lookup/suppl/doi:10.1503/
€maj.200645/-/DC1) for other outcomes.

ARDS

Evidence for patients with COVID-19 and ARDS was available
from a single observational study of 84 patients® that suggested
corticosteroids may result in a large mortality reduction com-
pared with no corticosteroids (HR 0.41, 95% CI 0.20 to 0.83,
MD 29.2% lower; very low-quality evidence) (Table 1).

Evidence for ARDS without COVID-19 was available from 7 RCTs3-%¢
including 851 patients (Table 2). We considered the evidence for most
outcomes to be high quality for patients with ARDS in general. After
rating down 2 levels for indirectness of populations, we considered the
evidence to be low quality for COVID-19. These RCTs suggest that cor-
ticosteroids may substantially reduce mortality (RR 0.72, 95% CI 0.55
to 0.93, MD 17.3% lower; low-quality evidence) (Figure 1). Very low-
quality evidence raised the possibility that corticosteroids may have
little or no impact on length of ICU stay®-3* (MD 0.1 days longer, 95% Cl
3.0 days shorter to 3.2 days longer) but may reduce length of hospital
stay®3*3 (MD 3.6 days shorter, 95% CI 0.02 to 7.2 days shorter). Low-
quality evidence shows that corticosteroids may reduce the duration
of mechanical ventilation (MD -4.8 days, 95% CI -7.0 to -2.6),33133-%
but increase serious hyperglycemia (risk increase 8.1%, 95% Cl 0.7% to
16.2%),2%335 with few or no adverse effects on neuromuscular weak-
ness,*3 gastrointestinal bleeding®>*® and superinfection.33-%6

Corticosteroid Risk ratio Favours corticosteroid Favours no corticosteroid

Study or subgroup; year Events  Total Events Total M-H, random, 95% Cl «—  —>
Liu et al., 20123 2 12 7 14 0.33 (0.08 to 1.31) :
Meduri et al., 2007* 15 63 12 28 0.56 (0.30t0 1.03) —
Rezk et al., 2013* 0 18 3 9 0.08 (0.00to 1.32) ¢ T

|
Steinberg et al., 2006* 28 89 29 91 0.99 (0.64 to 1.52) ——
Tongyoo et al., 2016* 34 98 40 99 0.86 (0.60 to 1.23) ——
Villar et al., 2020% 29 139 50 138 0.58 (0.39 to 0.85) -
Zhao et al., 2014% 9 24 13 29 0.84 (0.43 to 1.61) —_—

,

|
Total (95% Cl) 443 408 0.72 (0.55 t0 0.93) ‘ '
Total events 117 154 1
Heterogeneity: I =32% 1

T T T T
0.05 0.2 1 5 20
Risk ratio

M-H, random, 95% Cl

Figure 1: Effect of corticosteroids on mortality in patients with acute respiratory distress syndrome without coronavirus disease 2019. Note: Cl = confidence

interval, M-H = Mantel-Haenszel.
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%

Favours corticosteroid

Favours no corticosteroid

Study; year HR (95% Cl) Weight «— —
Li etal., 2020® 2.12 (0.78 t0 5.76) 69.23 —
Lu et al., 2020% 2.78 (0.96t019.26)  30.77 PN
Overall (2=0.0%, p=0.768) 2.30(1.00t05.29)  100.00
0.0519 1 19.3

Hazard ratio

IV, random, 95% CI

Figure 2: Effect of corticosteroids on mortality in patients with severe coronavirus disease 2019. Weights are from random-effects analysis. Note: CI =

confidence interval, HR = hazard ratio, IV = inverse variance.

% Favours corticosteroid Favours no corticosteroid
Study; year HR (95% ClI) Weight <« —>
Long et al., 2016* 0.62 (0.4 to 0.96) 60.96 —’—'—
Lau et al., 2009% 1.29 (0.55 t0 2.70) 39.04 : s
Overall (*=60.5%,p=0.111) 0.83(0.41to 1.66) 100.00

Figure 3: Effect of corticosteroids on mortality in patients with severe acute respiratory syndrome. Weights are from random-effects analysis. Note: CI =

confidence interval, HR = hazard ratio, IV = inverse variance.

0.37

1 2.7

Hazard ratio
IV, random, 95% CI

Odds ratio Favours corticosteroid . Favoursno corticosteroid
Study or subgroup; year Log (odds ratio) SE IV, random, 95% Cl «—  —>
Brun-Buisson et al., 2011% 0.9517 0.3066 2.59 (1.42t0 4.72) E _—
Caoetal., 2016* 0.5933 0.3679 1.81(0.88t03.72) —
Delaney et al., 2016* 0.6152 0.2561 1.85(1.12 to 3.06) T
Kim et al., 20112 0.7885 0.3872 2.20 (1.03 to 4.70) —_—
Leeetal., 2015% 0.5481 0.2128 1.73 (1.14 t0 2.63) | ——
Lietal.,2017°" -0.223 0.182 0.80 (0.56 to 1.14) —-—E—
Liem et al., 2009%® 1.4134 0.6543 4.11 (1.14 to 14.82) !
Linko et al., 2011% 1.1939 0.9628 3.30(0.50 t0 21.78) ;
Moreno et al., 2018% 0.2776 0.1024 1.32(1.08 to 1.61) E-'—
Sheu et al., 20174 0.5935 0.2803 1.81 (1.05 to 3.14) | —
Xietal.,, 2010% 1.3002 0.6685 3.67 (0.99 to 13.60) b
1
Total (95% Cl) 1.70 (1.31t02.21) R g
Heterogeneity: I*=58% T 1 T
0.01 0.1 1 10 100
0Odds ratio
IV, random, 95% Cl

Figure 4: Effect of corticosteroids on mortality in patients with influenza. Note: Cl = confidence interval, IV = inverse variance, SE = standard error.
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Severe COVID-19: direct evidence from observational (HR 2.30, 95% CI 1.00 to 5.29, MD 11.9% more) (Table 3, Figure 2).
studies One cohort study? reported an increase in the composite outcome
Very low-quality evidence from 2 cohort studies®®? including  of mortality or ICU admission with steroid use. Two cohort
331 patients with severe COVID-19 raised the possibility that cortico-  studies??? suggested that corticosteroids use was associated with
steroids may increase mortality compared with no corticosteroids  prolonged viral shedding (very low-quality evidence).

Corticosteroid Usual care i X . .
Risk ratio Favours corticosteroid ! Favours no corticosteroid
Study or subgroup; year Events Total Events  Total M-H, random, 95% Cl <+ E —>
Severe E
Confalonieri et al., 2005™ 0 23 8 23 0.06 (0.00 to 0.96) < :
El-Ghamrawy et al., 20067 3 17 6 17 0.50 (0.15t0 1.68) _
Gangetal., 2016™ 3 29 3 29 1.00 (0.22 to 4.55) -
Marik et al., 1993 1 14 3 16 0.38 (0.04 to 3.26) E
Nafae et al., 2013 4 60 6 20 0.22 (0.07 t0 0.71) —
Sabry etal,, 2011% 2 40 6 40 0.33 (0.07 to 1.55) -
Torres et al., 2015% 6 61 ) 59 0.64 (0.24 to0 1.70) —
Subtotal (95% Cl) 244 204 0.43(0.2600.73) o
Total events 19 41 !
Heterogeneity: 2= 0% .
Less severe ,
Blum et al., 20157 16 392 13 393 1.23 (0.60 to 2.53) ——
Fernandez-Serrano et al., 20117 1 23 1 22 0.96 (0.06 to 14.37) E
McHardy et al., 1972 3 40 9 86 0.72 (0.20 to 2.51) _—
Meijvis et al., 201178 9 151 11 153 0.83 (0.35t0 1.94) —-E—
Snijders et al., 2010* 6 104 6 109 1.05(0.35t0 3.15) _:'_
Wagner et al., 1956% 52 61 1.17 (0.08 to 18.30) L
Subtotal (95% Cl) 762 824 1.00 (0.64 to 1.56) ’
Total events 36 41 I
Heterogeneity: = 0% E
Total 95% ClI 1006 1028 0.70 (0.50 to 0.98) ‘E
Total events 55 82 !
Heterogeneity: 2= 0% : : : :
0.01 0.1 1 10 100
Risk ratio

M-H, random, 95% Cl

Figure 5: Effect of corticosteroids on mortality in patients with community-acquired pneumonia. Note: Cl = confidence interval, M-H = Mantel-Haenszel.

Table 1: GRADE summary of findings: corticosteroids in patients with COVID-19 and ARDS, based on direct evidence from

observational studies of patients with COVID-19 and ARDS

Absolute effect estimates

Baseline risk

for control Difference Plain language
Outcomes Relative effects group,* % (95% CI1)% Quality of evidence summary
Mortality HR 0.41 (95% C1 0.20 to 0.83) 61.8 -29.2 Very low We are very uncertain of
Based on data from 84 patients (-44.3t0 -6.8) (serious the effect of
with COVID-19 and ARDS in imprecisiont) corticosteroids on
1 observational study?® mortality

Note: ARDS = acute respiratory distress syndrome, Cl = confidence interval, COVID-19 = coronavirus disease 2019, GRADE = Grading of Recommendations Assessment, Development
and Evaluation, HR = hazard ratio.

*Mortality baseline risk from patients with COVID-19 and ARDS without corticosteroid treatment.®

tObservational study started at low quality of evidence. Although the Cl appears narrow, the small sample size and implausibly large effect led to rating down for imprecision.
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Severe COVID-19: indirect evidence from observational
studies and a randomized trial of SARS

Two cohort studies?*? including 6129 patients with SARS provide
low-quality evidence for corticosteroid impact on mortality in these
patients, with additional consideration of indirectness in serious
COVID-19 pneumonia (HR 0.83, 95% Cl 0.41 to 1.66; very low-quality
evidence) (Table 4, Figure 3). An RCT? in which 16 patients with SARS
treated with ribavirin were randomized to corticosteroids or no corti-
costeroids raised the possibility that early (< 7 days of illness) hydro-
cortisone therapy may increase the median time for SARS-associated

coronavirus (SARS-CoV) RNA to become undetectable in plasma
(MD 4.0 days longer, 95% Cl 2.0-6.0 days; very low-quality evidence
for SARS with additional consideration of indirectness in COVID-19)
(Table 4).

Severe COVID-19: indirect evidence from observational
studies of MERS

One cohort study? that enrolled 290 patients with MERS suggests
a possible reduction in mortality with administration of cortico-
steroids (OR 0.75, 95% Cl 0.52 to 1.07; very low-quality evidence

RESEARCH

Table 2: GRADE summary of findings: corticosteroids in patients with COVID-19 and ARDS, based on indirect evidence from

randomized controlled trials of patients with ARDS but without COVID-19

Absolute effect estimates

Baseline risk for Difference Plain language
Outcomes Relative effects control group* (95% Cl) Quality of evidence summary
Mortality RR 0.72 (95% CI 0.55 to 61.8% -17.3% Low Corticosteroids may
0.93) (-27.8%t0o-4.3%) (very serious resultin a large
Based on data from indirectnesst) reduction in mortality
851 patients and ARDS
in 7 RCTs**-%
Length of ICUstay = Based ondatafrom297  The median duration MD 0.1 days Very low We are very uncertain
patients in 3 RCTs®34 of length of ICU stay (-3.0t03.2) (serious inconsistency, of the effect of
was 8.0 days very serious indirectness corticosteroids on
and serious imprecisionf)  length of ICU stay
Length of hospital ~ Based on data from The median duration MD -3.6 days Very low We are very uncertain
stay 324 patients in of length of hospital (-7.2t0-0.02) (very serious of the effect of
3 RCIsE= stay was 18.0 days indirectness and serious  corticosteroids on
imprecision§) length of hospital stay
Duration of Based on data from The median duration of MD -4.8 days Low Corticosteroids may
mechanical 888 patients in mechanical ventilation (-7.0to -2.6) (very serious reduce duration of
ventilation 6 RCTs3031,33-36 was 14.5 days indirectnesst) mechanical ventilation
Serious RR 1.12 (95% CI 1.01 to 67.6% 8.1% Low Corticosteroids may
hyperglycemia 1.24) (0.7% to 16.2%) (serious indirectness increase serious
Based on data from 565 and serious hyperglycemia events
patients in 3 RCTs%*33 imprecision9)
Neuromuscular RR 0.85 (95% Cl 0.62 to 26.4% -3.9% Low Corticosteroids may
weakness 1.18) (-10% to 4.7%) (serious indirectness, not increase
Based on data from 271 serious imprecision**) neuromuscular
patients in 2 RCTs**3* weakness
Gastrointestinal RR0.71 (95% CI1 0.30 to 14.0% -4.0% Low Corticosteroids may
bleeding 1.73) (-9.8%t0 10.2%)  (serious indirectness, not increase
Based on data from 250 serious imprecision**) gastrointestinal
patients in 2 RCTs*2* bleeding
Superinfection RR 0.82 (95% CI 0.67 to 33.0% -5.9% Moderate Corticosteroids
1.02) (-10.8%1t0 0.6%)  (serious indirectnesstt) probably do not
Based on data from 798 increase

patients in 5 RCTs*33-36

superinfection events

Note: ARDS = acute respiratory distress syndrome, CI = confidence interval, COVID-19 = coronavirus disease 2019, GRADE = Grading of Recommendations Assessment, Development
and Evaluation, ICU = intensive care unit, MD = mean difference, RCTs = randomized controlled trials, RR = risk ratio.
*Mortality baseline risk from patients with COVID-19 and ARDS who do not receive corticosteroid treatment. The baseline risk for the length of ICU stay, hospital stay, duration of
mechanical ventilation and adverse events was obtained from the median estimate from the control group in the included RCTs.

tWe rated down 2 levels owing to indirectness; the cause of ARDS across the studies is inconsistent and might not represent the COVID-19 population.
1We rated down 2 levels owing to indirectness; 1 for inconsistency (/2 = 73%, heterogeneity p value 0.03) and 1 for imprecision because effect estimate is consistent with benefit or harm.
§We rated down 2 levels owing to indirectness and 1 for imprecision owing to the Cl including a trivial reduction in hospital stay.
Y We rated down by 1 level owing to indirectness, as we do not expect that the COVID-19 population differs as much from other populations in adverse effects as in benefits; and we
rated down by 1 level for imprecision owing to the lower Cl, 0.7% representing an unimportant increase in hyperglycemia.
**We rated down by 1 level owing to indirectness as we do not expect that the COVID-19 population differs as much from other populations in adverse effects as in benefits; we rated
down by 1 level for imprecision, effect estimate consistent with benefit or harm.
tTWe rated down by 1 level owing to indirectness as we do not expect that the COVID-19 population differs as much from other populations in adverse effects as in benefits; we did not
rate down owing to imprecision because the largest degree of harm consistent with the evidence is 7 in 1000, which we judge to be unimportant.
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for MERS with additional consideration of indirectness in COVID-
19) (Table 5). Data from 189 patients in the same study? suggest
that corticosteroid use may be associated with a delay in Middle
East respiratory syndrome coronavirus (MERS-CoV) RNA clear-
ance (HR 0.35, 95% 0.17 to 0.72; very low-quality evidence for
MERS with additional consideration of indirectness for COVID-19)
(Table 5).

Severe COVID-19: indirect evidence from observational
studies of influenza

Evidence in patients with influenza from 11 cohort stud-
ies#3-45:47,525557-596L88 including 8530 patients with adjusted effect esti-
mates for mortality suggests that corticosteroids may increase mor-
tality (OR 1.70, 95% CI 1.31 to 2.21, MD 6.1% higher; low-quality
evidence for influenza rated down to very low for indirectness)
(Table 6, Figure 4). Very low-quality evidence for influenza with addi-
tional consideration of indirectness when applied to COVID-19 from

cohort studies that failed to conduct an adjusted analysis raised the
possibility that corticosteroids may increase the rate of superinfec-
tion (OR 2.74, 95% Cl 1.51 to 4.95)*#34447:52555765 and increase the num-
ber of patients requiring mechanical ventilation (OR 5.54, 95% ClI
1.83 to 16.80)5257:%95 (Table 6).

Severe COVID-19: indirect evidence from randomized
trials of CAP

Thirteen RCTs™# including 2034 patients with CAP addressed a
number of important efficacy outcomes. For patients with CAP in
general, evidence varied from high to low quality. After we rated
down 2 levels for indirectness, all evidence for these outcomes
was of low or very low quality. Corticosteroids were associated
with reductions in mortality (RR 0.70, 95% CI 0.50 to 0.98, MD 3.1%
lower), need for mechanical ventilation™7>767982 (risk difference
[RD] 10.4%, 95% CI 4.3% to 13.8%), duration of mechanical ventila-
tion™-73747980 (MD 3.5 days shorter, 95% Cl 1.8 to 5.2 days), length of

Table 3: GRADE summary of findings: corticosteroids in patients with severe COVID-19, based on direct evidence from

observational studies of patients with severe COVID-19

Absolute effect estimates

Baseline risk for

Outcomes Relative effects control group,* %

Mortality HR 2.30 (95% CI 1.00 to 5.29) 10.4
Based on data from

331 patients with severe

COVID-19in 2 observational

studies!®?

(95% ClI), %

Difference

Quality of evidence Plain language summary

11.9 (0to 33.7) Very low We are very uncertain of
(serious imprecisiont) the effect of
corticosteroids on
mortality

Note: Cl = confidence interval, COVID-19 = coronavirus disease 2019, GRADE = Grading of Recommendations Assessment, Development and Evaluation, HR = hazard ratio.

*Baseline risk from a study of the patients with severe COVID-19 without corticosteroids use.?

tObservational study started at low quality of evidence. We rated down 1 level owing to serious imprecision (wide Cl).

Table 4: GRADE summary of findings: corticosteroids in patients with severe COVID-19, based on indirect evidence from

randomized controlled trials and observational studies of patients admitted to hospital with SARS

Absolute effect estimates

Baseline risk for

Outcomes Relative effects control group
Mortality HR 0.83 (95% Cl 0.41 to 1.66) 10.4%*
Based on data from
6129 patients with SARS in 2
observational studies?*
Median time for Based on data from 16 patients 8.0 dayst

SARS-CoV RNA to
become
undetectable in
plasma

with SARS in 1 RCT*

Difference
(95% Cl) Quality of evidence  Plain language summary
-1.7% Very low We are very uncertain of
(-6.0% to 6.3%) (serious indirectness  the effect of
and serious corticosteroids on
imprecisiont) mortality

MD 4.0 days
(2.0t0 6.0)

Very low

(serious risk of bias,
serious indirectness
and serious
imprecision§)

We are very uncertain of
the effect of
corticosteroids on time
for SARS-CoV RNA to
become undetectable in
plasma

Note: CI = confidence interval, COVID-19 = coronavirus disease 2019, GRADE = Grading of Recommendations Assessment, Development and Evaluation, HR = hazard ratio, MD = mean
difference, RCT = randomized controlled trial, RNA = ribonucleic acid, SARS = severe acute respiratory syndrome, SARS-CoV = SARS-associated coronavirus.

*Baseline risk from a study of patients with severe COVID-19 without corticosteroid use.

tObservational studies start as low quality of evidence. We rated down 1 level owing to serious indirectness (we applied the results to patients with severe COVID-19, but the relative
effect was derived from patients with SARS) and 1 level owing to serious imprecision (the Cl includes both an important benefit and an important harm).

1Baseline risk from the RCT that reported median time for SARS-CoV RNA to become undetectable in plasma for the no corticosteroids group.?

§Randomized controlled trial started at high quality of evidence. We rated down owing to serious risk of bias, serious indirectness (we applied the results to patients with severe
COVID-19, but the relative effect was derived from patients with SARS) and serious imprecision (because of small sample size).
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ICU stay;"> 6787582 and length of hospital stay™ 76787981828 (Table 7,
Figure 5). Meta-analysis of 8 RCTs"72757879818284 showed that corti-
costeroids may increase the rate of serious hyperglycemia
(RD 5.7%, 95% CI 0.18% to 15.3%; moderate-quality evidence for
CAP, low quality after rating down 1 level for indirectness).
Mortality results suggested a possible subgroup effect of cor-
ticosteroids by pneumonia severity (severe pneumonia, RR 0.43,
95% CI 0.26 to 0.73; less severe pneumonia, RR 1.00, 95% CI 0.64

to 1.56; p for interaction 0.02). However, the apparent effect is
based on differences between rather than within studies, is
driven to a considerable extent by a small study™ that was
stopped early for benefit, almost certainly represents a large
overestimate of effect, and does not appear with any other out-
come. Thus, the subgroup effect has low credibility.

For other adverse events (neuropsychiatric events;’8182:8
superinfection™ 7478818284 and gastrointestinal bleeding™7>798082),

Table 5: GRADE summary of findings: corticosteroids in patients with severe COVID-19, based on indirect evidence from

observational studies of patients admitted to hospital with MERS

Absolute effect estimates

Baseline risk

for control Difference
Outcomes Relative effects group, % (95% Cl), %
Mortality OR0.75 (95% Cl 0.52 to 1.07) 10.4* -2.4
Based on data from 290 patients (-4.7t0 0.6)
with MERS in 1 observational study?®
MERS-CoV RNA HR 0.35 (95% CI 0.17 t0 0.72) 29.8T -18.2
clearance Based on data from 189 patients (-24.0to -7.3)

with MERS in 1 observational study?®

Quality of evidence

Very low
(serious indirectness and
serious imprecisions§)

Very low
(serious indirectness and
serious imprecision®|)

Plain language
summary

We are very uncertain of
the effect of corticosteroids
on mortality

We are very uncertain of
the effect of corticosteroids
on MERS-CoV RNA
clearance

Note: Cl = confidence interval, COVID-19 = coronavirus disease 2019, GRADE = Grading of Recommendations Assessment, Development and Evaluation, HR = hazard ratio, MERS =
Middle East respiratory syndrome, MERS-CoV = Middle East respiratory syndrome coronavirus, OR = odds ratio, RNA = ribonucleic acid.
*Baseline risk from a study of patients with severe COVID-19 without corticosteroid use.?

tBaseline risk from the observational study that reported MERS-CoV RNA clearance for no corticosteroids group.?

§Observational studies started at low quality of evidence. We rated down 1 level owing to serious indirectness (we applied the results to patients with severe COVID-19, but the relative
effect was derived from patients with MERS), and 1 level owing to serious imprecision (the Cl includes both a trivial and an important effect).
Y Observational studies started at low quality of evidence. We rated down 1 level owing to serious indirectness (we applied the results to patients with severe COVID-19, but the relative
effect was derived from patients with MERS), and 1 level owing to serious imprecision because of the small sample size.

Table 6: GRADE summary of findings: corticosteroids in patients with severe COVID-19, based on indirect evidence from

observational studies of patients admitted to hospital with influenza

Absolute effect estimates

Baseline risk
for control Difference

Outcomes Relative effects group, % (95% Cl), %
Mortality OR 1.70 (95% Cl 1.31 t0 2.21) 10.4* 6.1

Based on data from (2.8 t0 10.0)

8530 participants from

11 observational

studies?3-45:47,52,55,57-59,61,68
Superinfection OR2.74 (95% CI 1.51 to 4.95) 7.21 10.3

Based on data from (3.3t020.5)

6114 participants from

7 observational

studies?3:4447.52,55,57,65
Mechanical OR5.54 (95% CI 1.83 to 16.80) 41.8§ 38.1
ventilation Based on data from (15.0 to 50.6)

4364 participants from
4 observational studies®°7:596

Quality of evidence

Very low
(serious indirectnesst)

Very low
(serious risk of bias
and indirectness§)

Very low
(serious risk of bias
and indirectnessT)

Plain language summary

We are very uncertain of
the effect of corticosteroids
on mortality

We are very uncertain of
the effect of corticosteroids
on superinfections

We are very uncertain of
the effect of corticosteroids
on need for mechanical
ventilation

Note: CI = confidence interval, COVID-19 = coronavirus disease 2019, GRADE = Grading of Recommendations Assessment, Development and Evaluation, OR = odds ratio.
*Baseline risk from a study of patients with severe COVID-19 without corticosteroids use.?
tBaseline risk comes from the median effect of the control group in the included studies.
tObservational studies started at low quality of evidence. Additional concern was indirectness (we applied the results to patients with severe COVID-19, but the relative effect was
derived from patients admitted to hospital with influenza).
§Observational studies started at low quality of evidence. Additional concerns included high risk of indication bias because unadjusted estimates were included, and indirectness
(we applied the results to patients with severe COVID-19, but the relative effect was derived from patients admitted to hospital with influenza).
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Table 7: GRADE summary of findings: corticosteroids in patients with severe COVID-19, based on indirect evidence from

randomized controlled trials of patients admitted to hospital with community-acquired pneumonia

Outcomes

Mortality

Length of ICU stay

Length of hospital stay

Need for mechanical
ventilation

Duration of mechanical
ventilation

Serious hyperglycemia

Gastrointestinal

bleeding

Neuropsychiatric events

Superinfection

Relative effects

RR 0.70 (95% CI 0.50 to 0.98)
Based on data from
2034 patients in 13 RCTs™-#

Based on data from 1376
patients in 8 RCTs"2 76787982

Based on data from
1636 patientsin
10 RCTs7L-76.78,79,81,82,84

RR 0.42 (95% Cl1 0.23 to 0.76)
Based on data from 1017
patients in 5 RCTs"%7576:79,82
Based on data from

199 patients in

5 RCTS71,73,74,79,80

RR 1.62 (95% CI 1.02 to 2.67)
Based on data from

1476 patients in

8 RCTS7L7275,78,79,81,82,84

RR 0.99 (95% Cl 0.43 to 2.24)
Based on data from 1228
patients in 8 RCTs1-7>79:8082

RR 1.91 (95% CI 0.68 to 5.39)
Based on data from

1142 patients from

4 RCTs72818284

RR 1.31 (95% CI 0.69 to 2.50)
Based on data from 1500
patients in 8 RCTs! 7478818284

Absolute effect estimates

Baseline risk
for control
group*

10.4%

The median
length of ICU
stay was
8.3 days

The median
length of
hospital stay
was 14.3 days

18.0%

The median
duration of
mechanical
ventilation was
11.3 days

9.2%

3.0%

1.6%

3.7%

Difference
(95% ClI)

-3.1%
(<0.2% to
-5.2%)

MD -1.7 days
(-3.4t00.1)

MD -1.8 days
(-2.8t0-0.8)

-10.4%
(-13.8% to
-4.3%)
MD -3.5 days
(-5.2 t0 -1.8)

5.7%
(0.18% to
15.3%)

-0.03%
(-1.7% to 3.7%)

1.4%
(-0.5% to 7%)

1.1%
(-1.1% to 5.5%)

Quality of evidence

Very low

(very serious
indirectnesst and
serious
inconsistency)

Very low

(serious
inconsistency, very
serious indirectness
and serious
imprecisiont)

Very low

(serious
inconsistency, very
serious indirectness
and serious
imprecision§)

Low

(very serious
indirectnesst)

Very low

(serious risk of bias
and very serious
indirectnessq|)

Low

(serious indirectness
and serious
imprecision**)

Low

(serious indirectness
and serious
imprecision**)

Low

(serious indirectness
and serious
imprecision9|)

Low

(serious indirectness
and serious
imprecision€|)

Plain language
summary

We are very uncertain
of the effect of
corticosteroids on
mortality

We are very uncertain
of the effect of
corticosteroids on
length of ICU stay

We are very uncertain
of the effect of
corticosteroids on
length of hospital stay

Corticosteroids may
reduce need for
mechanical ventilation
We are very uncertain
of the effect of
corticosteroids on
duration of mechanical
ventilation

Corticosteroids may
increase serious
hyperglycemia events

Corticosteroids may
have little or no impact
on gastrointestinal
bleeding
Corticosteroids may
result in a small
increase in
neuropsychiatric
events

Corticosteroids may
resultin a small or no
increase in
superinfection events

Note: CAP = community-acquired pneumonia, Cl = confidence interval, COVID-19 = coronavirus disease 2019, GRADE = Grading of Recommendations Assessment, Development and
Evaluation, ICU = intensive care unit, MD = mean difference, RCT = randomized controlled trial, RR = risk ratio.
*Mortality baseline risk was obtained from patients with COVID-19 and ARDS without corticosteroid treatment.2 The baseline risk for the length of ICU stay, hospital stay, duration of
mechanical ventilation and adverse events comes from the median effect of the control group in the included RCTs.
tWe rated down 2 levels owing to indirectness; the cause of pneumonia across the studies is inconsistent and might not represent the COVID-19 population. We also rated down for
inconsistency because of a possible subgroup effect that suggests mortality benefit was restricted to those with severe pneumonia.
1We rated down 2 levels owing to indirectness; 1 for inconsistency (/> = 76%, heterogeneity p value = 0.0001); and 1 for imprecision because the effect estimates are consistent with

important benefit and harm.

§We rated down 2 levels owing to indirectness; 1 for inconsistency (/> = 47%, heterogeneity p value = 0.006) and 1 for imprecision because the lower Cl includes important benefit and

important harm.

Y We rated down 1 level owing to risk of bias and 2 levels owing to indirectness. We did not rate down owing to inconsistencyj; the effect estimates were in the same direction, despite

the 2 54% and the p value of 0.07.

**We rated down by 1 level owing to indirectness, as we do not expect that the COVID-19 population differs as much from other populations in adverse effects as in benefits, and 1 for
imprecision because effect estimates are not consistent with benefit or harm.

CMAJ

HOYUV3iS3y



RESEARCH

evidence was moderate quality for small, no, or uncertain harms
of corticosteroids in patients with CAP, and low quality after
rating down once for indirectness (Table 7).

Interpretation

This series of systematic reviews informed a guideline addressing
management of patients with COVID-19.5 Direct evidence from
1 observational study® of 84 patients with COVID-19 and ARDS was
consistent with the findings of our systematic review of RCTs of
patients without COVID-19 that suggested corticosteroids may
reduce mortality in patients with COVID-19 and ARDS by more than
15% and reduce the duration of mechanical ventilation. The evi-
dence suggested corticosteroids may increase the rate of serious
hyperglycemia, although not of other potentially worrisome adverse
effects. The evidence for these effects is mostly of low quality.

For patients who have severe COVID-19 but are not critically ill,
direct evidence from observational studies provided very low-quality
evidence of an increase in mortality with corticosteroids. In SARS and
MERS, evidence from observational studies raises the possibility of a
modest mortality reduction with corticosteroids, but also of a delay
in viral clearance. In CAP, RCT evidence also raises the possibility of a
mortality reduction with corticosteroids and other benefits including
reduction in length of hospital and ICU stay, and need for and dura-
tion of mechanical ventilation. Low-quality evidence suggests a likely
increase in hyperglycemia and possible small increases in neuropsy-
chiatric events and superinfection, but not in gastrointestinal bleed-
ing. Observational studies in influenza provide discrepant findings,
raising the possibility of substantial increases in mortality, superin-
fection and mechanical ventilation with corticosteroids.

Strengths of this review include a comprehensive search, indepen-
dent study selection, data abstraction and risk of bias assessment by
2 reviewers and presentation of absolute effects for dichotomous out-
comes. We rated the quality of evidence with the GRADE approach,
paying close attention to important methodological issues such as
differences in the impact of indirectness of evidence on benefit and
harm outcomes. We are more skeptical of making inferences regard-
ing benefits in patients with COVID-19 from other patient populations
than we are of making inferences on harms. For observational studies,
we included, as far as possible, only those with adjusted analyses.
Finally, a particular strength is the presentation of a comprehensive
assessment of all the indirect evidence, including from ARDS, SARS,
MERS, influenza and CAP, together in a single document.

We compared our review with another published systematic
review addressing corticosteroid therapy in COVID-19.% Apart from
COVID-19, SARS and MERS, our review included 3 additional popu-
lations: ARDS, CAP and influenza. We updated our search until
Apr. 19, including evidence published more recently than the previ-
ous systematic review, which searched until Mar. 15.%1*2 Third, we
included, as far as possible, only cohort and case-control studies
with adjusted effect estimates. Finally, we used GRADE to rate the
quality of evidence.

For ARDS, our review showed similar results to the 1 other pub-
lished systematic review? that included the latest published
studies. For CAP, the results on which we focus are similar to those
of other recent reviews®-% that showed that corticosteroids may

reduce mortality and length of hospital stay, and increase
hyperglycemia.

The findings for influenza are consistent with other previous
systematic reviews®**2 that also found increased mortality associ-
ated with corticosteroid use. One review®® focused on patients
with influenza pneumonia only, excluding those with mild illness
or those in the ICU. The results showed that corticosteroids were
associated with higher mortality. In contrast, another review®
studied severe forms of influenza and reported that among studies
with adjusted estimates, results showed no statistically significant
difference between the corticosteroid and control groups.

Limitations

The limitations of this study are largely those of the underlying
evidence, which is either of low or, for benefits, very low quality
for the most part. One could argue that we should have broad-
ened our consideration of indirect evidence. For instance, we
could have included Pneumocystis jiroveci pneumonia, in which
evidence supports corticosteroid use. Our threshold was based
on patients with viral pneumonia being included in the popula-
tion, which is clearly the case for SARS, MERS and influenza, but
also true for ARDS and CAP.

Similarly, with respect to harms, consideration of evidence from
RCTs of short-term use of corticosteroids in other conditions might
have strengthened our findings. We have, however, moderate-
quality evidence in patients with ARDS of no important increase in
superinfection, and low-quality evidence of an increase in serious
hyperglycemia. Low-quality evidence suggests a possible small
increase in neuropsychiatric events. For this outcome, evidence
from other conditions might have been particularly helpful.

Conclusion

Given the paucity of direct evidence and the limitations of indirect
evidence, it is critical for clinicians and researchers to cooperate in
conducting high-quality studies, in particular large and rigorous
RCTs, to evaluate the effect of corticosteroids in both patients with
COVID-19 and ARDS and patients with severe COVID-19 but who are
not critically ill. Fortunately, RCTs, including those that address cor-
ticosteroid treatment, are ongoing.
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