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Clinical Question Box

<p>In adults with severe community-acquired pneumonia, does adjunctive systemic corticosteroid

therapy improve mortality and clinical outcomes compared with standard care alone?</p>

<p>The primary benefit of corticosteroids in severe community-acquired pneumonia appears to
involve improved clinical recovery and better healthcare resource utilization rather than a clear
survival advantage. Adjunctive systemic corticosteroid therapy probably does not reduce short-
term or long-term all-cause mortality, based on moderate-certainty. evidence. Corticosteroid
therapy reduces hospital length of stay with moderate-certainty evidence and reduces ICU length
of stay with high-certainty evidence. Corticosteroid use is not associated with an increased risk of

serious adverse events, based on moderate-certainty evidence.</p>



Abstract

Background: The benefit of adjunctive systemic corticosteroids in severe community-acquired
pneumonia (sCAP) remains uncertain. Randomized trials have reported inconsistent effects on
mortality and other key clinical outcomes.

Methods: Randomized controlled trials comparing systemic corticosteroids with placebo or
standard care in adults with sCAP were identified through searches of PubMed, Embase,
CENTRAL, and Web of Science through December 1, 2025. The primary outcome was short-term
all-cause mortality. Secondary outcomes included long-term mortality, hospital length of stay,
Intensive Care Unit (ICU) length of stay, and serious adverse events. Subgroup analyses evaluated
outcomes according to initial ICU admission status. Pooled estimates were calculated with
random-effects models.

Results: Ten randomized controlled trials including 4,757 patients met the inclusion criteria.
Corticosteroid therapy did not show a significant reduction in short-term mortality (odds ratio [OR]
0.74, 95% confidence interval [CI] 0.52—1.05) or long-term mortality (OR 0.95, 95% CI 0.53—
1.70). Sensitivity analyses indicated a possible reduction in short-term mortality among patients
not initially admitted to-the ICU, while no mortality benefit appeared among those admitted
directly to the ICU. Corticosteroids reduced hospital length of stay (mean difference —2.25 days,
95% CI —4.44 to =0.06) and ICU length of stay (mean difference —1.10 days, 95% CI —1.63 to
—0.58). No significant increase in serious adverse events was observed.

Conclusions: In adults with SCAP, adjunctive systemic corticosteroids shorten hospital and ICU
stays without increasing serious adverse events, while the effect on mortality remains uncertain.

These findings support selective rather than routine use of corticosteroids in SCAP.
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Introduction

Pneumonia accounts for a major proportion of severe infectious disease burden and related
mortality.! Community-acquired pneumonia (CAP), in particular, remains a significant global
contributor to infectious disease-related morbidity and mortality, with older adults and individuals
with comorbid conditions demonstrating greater vulnerability.? Reported global incidence ranges
from approximately 1.5 to 14 cases per 1,000 person-years, reflecting substantial variation across
regions, seasons, and populations.> CAP ranks among the leading causes of death from infectious
diseases worldwide, especially among older adults and those with chronic illnesses. In adults aged
>65 years, CAP-related mortality rises sharply with increasing age and disease severity. Patients
with severe pneumonia who require ICU admission may face mortality rates approaching 23% or

higher, with older age and comorbidities serving as major predictors of poor outcomes.*

Assessment of disease severity is central to the management of CAP, as it directly informs
prognosis and guides clinical decision-making.” Validated clinical prediction tools, including the
Pneumonia Severity Index and CURB-65,° incorporate demographic factors, comorbid
conditions, and physiolegical parameters to stratify patients according to mortality risk and to
support decisions regarding the appropriate site and intensity of care. Identification of sCAP
carries important therapeutic implications. It necessitates early hospital or intensive care unit
admission, prompt initiation of empiric antimicrobial therapy, and implementation of advanced
supportive interventions such as close hemodynamic monitoring, respiratory support, and
management of sepsis or organ dysfunction.” The American Thoracic Society/Infectious Diseases
Society of America (ATS/IDSA) defines sCAP by the presence of at least one major criterion,

namely invasive mechanical ventilation or septic shock requiring vasopressors, or three or more



minor criteria reflecting severe physiological derangement.® Although ATS/IDSA criteria are the
most widely used, severe CAP has also been defined through alternative frameworks that rely on
intensive care unit admission, the need for mechanical ventilation or vasopressor support, sepsis-
related organ dysfunction, or high-risk severity scores. These approaches reflect variability in

operational definitions, despite broad agreement on the life-threatening nature ‘of the condition.”!°

Management of sCAP prioritizes early initiation of appropriate empiric broad-spectrum
antimicrobial therapy, aggressive supportive care, and timely treatment of Complications such as
acute respiratory failure or septic shock, often with the need for intensive care unit admission.!!
Adjunctive systemic corticosteroids have emerged as a potential therapeutic option in selected
patients with sCAP, particularly those who demonstrate evidence of excessive host inflammatory
responses.!? The pathobiology of sCAP is characterized by dysregulated inflammation that leads
to alveolar-capillary injury, acute respiratory distress syndrome (ARDS), shock, and multi-organ
dysfunction, which provides a strong mechanistic rationale for corticosteroid therapy.'® Potential
benefits include improved oxygenation, reduced progression to respiratory failure, and faster
clinical stabilization; however, these potential advantages must be weighed against risks such as
hyperglycemia, secondary-infection, gastrointestinal bleeding, neuromuscular weakness, and

impaired pathogen clearanee, especially in viral pneumonias.!'#

Randomized clinical trials (RCTs) evaluating corticosteroids in CAP and sCAP have
produced heterogeneous results, likely reflecting differences in severity definitions, causative
pathogens, inflammatory phenotypes, and corticosteroid regimens. The CAPE COD trial reported
a significant reduction in 28-day mortality with early hydrocortisone administration in patients

with ICU-treated sCAP, renewing interest in adjunctive corticosteroid therapy and prompting



debate regarding the optimal agent compared with alternatives such as methylprednisolone or
prednisone.!” In contrast, findings from the REMAP-CAP trial indicate that, among patients with
severe CAP, a 7-day course of hydrocortisone compared with usual care is unlikely to deliver a
substantial mortality benefit, although smaller benefits or potential harms cannot be excluded.!®
Taken together, these results emphasize persistent uncertainty regarding the role of corticosteroids

in sCAP and highlight the importance of appropriate patient selection, timing, and clinical context.

Guideline recommendations have evolved alongside the expanding evidence base. The
2019 ATS/IDSA guideline advised against routine corticosteroid use in. CAP, including sCAP,
because of inconsistent benefit and safety concerns.® Subsequent international guidance adopted a
more selective strategy, recommending corticosteroids in sCAP complicated by septic shock,
while more recent critical care-focused updates issued'stronger recommendations supporting
corticosteroid use in hospitalized patients with severe CAP.!” The 2025 ATS update now suggests
systemic corticosteroids for adults with. sCAP, while continuing to discourage their use in non-
severe CAP and generally excluding severe influenza pneumonia, underscoring the dynamic and
evolving nature of evidence-based practice in this field.!”® In view of recently published
randomized trials and ongoing uncertainty regarding the balance of benefit and harm, this meta-
analysis aimed to assess the effects of adjunctive corticosteroid therapy on mortality, key clinical

outcomes, and safety in adults with sCAP.



Methods
Study Design and Reporting Standards

A systematic review and meta-analysis of RCTs evaluating systemic corticosteroids in
adults with sCAP was conducted in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. The study design, eligibility criteria, outcomes,
and analytical approach were specified a priori in a predefined protocol and registered with the

Open Science Framework. "
Data Sources and Search Strategy

A comprehensive literature search was conducted in PubMed, Embase, CENTRAL, and
Web of Science from database inception to the most recent search .date. The search strategy
combined controlled vocabulary and free-text terms, ineluding “community-acquired pneumonia”
to identify the conditionj w, “glucocotticoids,”  “corticosteroids,”  “hydrocortisone,”
“methylprednisolone,” and ‘“dexamethasone” to identify the intervention; and “placebo” or
“randomized” to identify the control (Table S1). The search was completed on December 1, 2025.
Reference lists of relevant reviews and eligible studies were also manually screened to identify

additional trials.
Eligibility Criteria

Studies qualified for inclusion if they met the following criteria: (1) RCTs involving adults
(>18 years) with sCAP; (2) assessment of systemic corticosteroids administered intravenously or
orally, compared with placebo or standard care; and (3) reporting of at least one prespecified

clinical outcome of interest. Studies were excluded if they focused exclusively on (1) hospital-

acquired or ventilator-associated pneumonia, or viral pneumonia such as influenza or COVID-19;



(2) single-dose systemic corticosteroid administration; (3) studies with ethical concerns; or (4)

inhaled corticosteroids.

Outcomes

The primary outcome was short-term all-cause mortality. This outcome included 28-day
mortality, 30-day mortality, and in-hospital mortality. Secondary outcomes included long-term
mortality, defined as 90-day mortality, length of hospital stay, length of ICU stay, and severe
adverse events. Subgroup analyses were performed based on initial ICU admission status. Patients
admitted directly to the ICU formed the ICU group. Patients with unspecified ICU status formed

the ICU-unspecified group.

Study Selection and Data Extraction

Two reviewers (M.K. and H.S.) independently screened study titles and abstracts to
determine eligibility. Full-text articles. for potentially relevant studies were then assessed
independently to confirm inclusion. Any disagreements were resolved through discussion and
consensus, with input from a third reviewer (S.Y.) if needed. The two reviewers independently
extracted data using a standardized data collection form. Extracted information included study
characteristics; patient demographics, severity criteria, corticosteroid regimens (agent, dose, route,
duration, and tapering), comparator treatments, and reported outcomes. Study authors were

contacted when clarification or missing data were required.

Data Synthesis and Statistical Analysis

Dichotomous outcomes were summarized as ORs with 95% Cls. Continuous outcomes

were pooled as mean differences (MDs) when appropriate. Statistical heterogeneity was assessed



with the I? statistic. A random-effects model was used to account for expected clinical and
methodological heterogeneity. When heterogeneity was low (I < 50%), a fixed-effects model was
applied. Statistical analyses were performed using Review Manager, version 5.4 (The Cochrane
Collaboration, Copenhagen, Denmark). All tests were two-sided, and a P value below 0.05

indicated statistical significance.

Risk of Bias and Certainty of Evidence

The risk of bias for all included studies using the Cochrane Risk of Bias tool. Prespecified
subgroup analyses examined potential effect modification based on corticosteroid type, inclusion
of intensive care unit-only populations. Sensitivity analyses.assessed the robustness of the findings
by excluding studies judged to be at high risk of bias. Publication bias was evaluated visually with
funnel plots and statistically with Egger’s regression test when at least 10 studies were available
for an outcome. The overall certainty of evidence for each outcome was assessed using the Grading
of Recommendations Assessment, Development and Evaluation (GRADE) approach, which

considers risk of bias, inconsistency, indirectness, imprecision, and publication bias.



Result
Study Selection and Characteristics

After conducting a database search, 1,164 records were identified. Following the removal
of duplicates and the completion of the first and second screening stages, during which 117, 900,
and 80 articles were excluded respectively, 10 studies were ultimately included (Figure S1). These
10 RCTs published between 2005 and 2025, enrolled a total of 4,757 patients with sCAP and were
included in the final analysis (Table 1).!>1020-27 Sample sizes varied significantly, ranging from
small single-center trials with fewer than 50 participants per group. to large multicenter studies
enrolling over 2,000 patients. All studies included adult populations, with a predominance of male
participants, and mean ages generally ranged from the early 50s to the mid-70s. Three trials
specifically enrolled patients in the ICU group, while seven trials were classified as ICU
unspecified. Corticosteroid regimens varied across trials and included IV hydrocortisone
methylprednisolone and dexamethasone; as well as oral prednisone or prednisolone administered
for 4-20 days, with or without tapering. Primary outcomes were heterogeneous and included
mortality, clinical recovery treatment failure, respiratory outcomes organ dysfunction, and length
of hospital stay.

Short-Term Mortality

The meta-analysis of short-term mortality is presented in Figure 1 A. Among patients with
SsCAP in the ICU group, corticosteroid therapy was not associated with a significant reduction in
short-term mortality compared to placebo (OR 0.92, 95% CI 0.45-1.87, p = 0.81, I? = 79%)).
Among patients in the ICU unspecified group, corticosteroid therapy showed a trend toward lower
short-term mortality, although this did not reach statistical significance (OR 0.61, 95% CI 0.37—

1.02, p=0.06, I =30%). When all studies were pooled, corticosteroid therapy was associated with



a non-significant reduction in short-term mortality (OR 0.74, 95% CI 0.52-1.05, p = 0.09, I* =
50%).

Sensitivity analyses are shown in Figure S2. After excluding one study, heterogeneity
among patients in the ICU group remained substantial (OR 0.67, 95% CI1 0.37-1.21,p=0.18, I* =
64%). In contrast, a significant reduction in short-term mortality was observed in the ICU
unspecified group (OR 0.81, 95% CI 0.67-0.98, p = 0.03, I? = 0%). The overall pooled sensitivity
analysis demonstrated a significant reduction in short-term mortality (OR 0.76, 95% CL10.63-0.93,
p <0.001, I> = 4%).

Long-Term Mortality

Three trials reported long-term all-cause mortality outcomes, as shown in Figure 1B. All
were in the ICU unspecified group. Corticosteroid therapy was associated with a non-significant
trend toward reduced long-term mortality compared to placebo (OR 0.95, 95% CI 0.53-1.70, p =
0.86, I = 77%). Sensitivity analysis yielded similar results (OR 0.73, 95% CI 0.51-1.04, p = 0.08,
I = 32%), as shown in Figure S3.

Length of Hospital Stay

Hospital length-of stay outcomes are summarized in Figure 2A. Among patients in the ICU
group, corticosteroid therapy was associated with a significant reduction in hospital length of stay
compared to placebo (MD —1.39 days, 95% CI —2.35 to —0.43, p = 0.04, I? = 8%). In the ICU
unspecified group, corticosteroid therapy was associated with a greater numerical reduction in
hospital length of stay, although this did not reach statistical significance (MD —2.66 days, 95%
CI—6.07 t0 0.76, p = 0.13, I = 96%). The pooled analysis demonstrated a significant reduction in
hospital length of stay with corticosteroid therapy (MD —2.25 days, 95% CI —4.44 to —0.06, p =

0.04, I> = 94%).



Sensitivity analysis among patients not initially admitted to the ICU showed a MD of —0.50
days (95% CI —1.27 to 0.27, p = 0.20, I*> = 11%). The overall sensitivity analysis demonstrated a
significant reduction in hospital length of stay (MD —0.85 days, 95% CI —1.55 to —0.15, p = 0.02,
I? =31%), as shown in Figure S4.

Length of ICU Stay

ICU length of stay outcomes are presented in Figure 2B. Among patients in the I[CU group,
corticosteroid therapy was associated with a significant reduction in ICU length of'stay (MD —0.99
days, 95% CI —1.43 to —0.55, p < 0.001, I? = 0%). Similarly, in the ICU unspecified group,
corticosteroid therapy was associated with a significant decrease in ICU length of stay (MD —2.86
days, 95% CI —5.34 to —0.39, p < 0.001, I? = 45%). Pooled analysis demonstrated an overall
significant reduction in ICU length of stay with corticosteroid therapy (MD —1.10 days, 95% CI
—1.63 to —0.58, p < 0.001, I = 14%)).

Serious Adverse Events

Serious adverse events are summarized in Figure 3. Corticosteroid therapy was not
associated with a statistically significant increase in the risk of SAEs compared with placebo (OR
0.83,95% CI1 0.67-1.01;p=0.07, I> = 24%)).

Riskof Bias«and Certainty of Evidence

Publication bias was assessed using funnel plots and Egger’s test for short-term mortality,
long-term mortality, length of hospital stay, length of ICU stay, and SAEs (Figures S5-S9). No
evidence of publication bias was detected. Risk of bias assessments are presented in Figures S10-
S14 and indicated no substantial risk of bias across outcomes. The certainty of evidence is
summarized in Table 2. Moderate certainty evidence suggests that systemic corticosteroids do not

reduce short-term or long-term mortality in patients with sCAP. In contrast, moderate to high



certainty evidence demonstrates that corticosteroids reduce both hospital length of stay and ICU
length of stay. Moderate certainty evidence also indicates that corticosteroids are not associated

with an increased risk of SAEs.



Discussion

In this systematic review and meta-analysis of RCTs involving adults with sCAP,
adjunctive systemic corticosteroid therapy was associated with consistent reductions in hospital
and ICU length of stay without an increase in serious adverse events. However, corticosteroids did
not significantly reduce short-term or long-term all-cause mortality in the primary pooled
analyses.?®?® Although a trend toward lower short-term mortality was observed among patients
whose initial ICU admission status was unspecified, this finding was not consistent across analyses.
Collectively, these results suggest that the primary benefit of corticosteroids in sCAP lies in
improved clinical efficiency rather than a definitive survival advantage.

Our mortality findings refine existing evidence/and help reconcile prior inconsistencies.
Earlier trials and meta-analyses have suggested potential meortality benefits of corticosteroids in
selected patients with severe pneumonia;” particularly  those with heightened inflammatory
responses, but results have remained heterogeneous.*® In the present analysis, the absence of a
significant mortality effect in the primary poeled estimates indicates that any survival benefit is
likely modest. Subgroup and sensitivity analyses suggested a potential reduction in short-term
mortality among patients not initially admitted to the ICU, whereas no mortality benefit was
observed among patients admitted directly to the ICU. These findings imply that corticosteroid
responsiveness may vary according to baseline severity, timing of administration, and underlying
disease trajectory.’!

In contrast, reductions in hospital and ICU length of stay were robust and consistent across
analyses. Corticosteroid therapy significantly shortened hospital stays overall and reduced ICU
stay duration in both ICU-admitted and ICU-unspecified populations. These effects are

biologically plausible, as corticosteroids may attenuate excessive inflammatory responses,



accelerate the resolution of pulmonary injury, and facilitate earlier liberation from organ support.?
Importantly, length of stay is a clinically meaningful outcome that reflects recovery trajectory and
healthcare resource utilization. However, substantial heterogeneity in short-term mortality among
ICU patients may reflect differences in corticosteroid agents, timing, dosing, treatment duration,
and baseline disease severity across studies. Future randomized trials Using standardized
corticosteroid protocols are needed to clarify the impact of these factors on clinical outeomes.

Subgroup differences based on initial ICU admission status further underscore the context-
dependent nature of corticosteroid effects. Patients in the ICU-unspecified group appeared to
derive broader benefits, including trends toward reduced mortality and shorter lengths of stay,
whereas patients admitted directly to the ICU experienced reductions in ICU stay without
improvements in survival. In advanced disease, mortality may be driven by irreversible organ
failure or comorbid conditions less responsive to immunomodulation, potentially limiting the
impact of corticosteroids on survival outcomes. >’

Notably, there remains no consensus regarding the optimal corticosteroid agent, dosage,
duration, or tapering strategy in SCAP. The included trials employed heterogeneous regimens that
varied widely in type, dose, and treatment length, which likely contributed to between-study
heterogeneity and may have attenuated detectable mortality effects. This lack of standardization
limits the ability to define an optimal therapeutic approach and highlights an important gap in the
current evidence base.

Safety concerns have historically tempered enthusiasm for corticosteroid use in CAP.
Reassuringly, corticosteroid therapy was not associated with a statistically significant increase in

serious adverse events in this analysis, consistent with contemporary randomized evidence.



Although metabolic adverse effects such as hyperglycemia were reported, these events were
generally manageable and did not translate into higher rates of severe complications or mortality.>*
From a clinical and guideline perspective, these findings do not support the routine use of
corticosteroids in all patients with sSCAP. Instead, they favor a selective approach informed by
disease severity, anticipated benefit, and patient-specific risk. Future research should focus on
clarifying patient selection criteria, standardizing dosing regimens, determining the optimal timing
of initiation, and directly comparing corticosteroid agents while systematically evaluating adrenal
insufficiency as an important safety outcome.

Several limitations warrant consideration. Substantial heterogeneity existed across trials
regarding corticosteroid regimens, definitions of sCAP fand ICU admission criteria. The absence
of individual patient-level data limited the assessment ofyinflammatory phenotypes, treatment
timing, and pathogen-specific responses. Additionally, some subgroup analyses were

underpowered and should be interpreted cautiously.



Conclusion

In adults with sCAP, adjunctive systemic corticosteroid therapy reduces both hospital and
ICU length of stay without an increase in serious adverse events. However, the mortality benefit
remains uncertain. The absence of consensus on corticosteroid dosing further highlights the need
for future well-designed trials to define the optimal regimen, timing, and patient selection before

routine use can be recommended.
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Table 1. Characteristics of enrolled studies

Intervention Control Male n Age mean

Stud Population Detailed Intervention Primary outcome
' P ) m (%) (SD) Y
Angus 2025 ISg;/Jere CAP, 536 122 ?608 g 61:8(155)  Hydrocortisone IV, 50 mgsh for7 days 90-day all-cause mortality
Confalonieri 32 Hydrocortisone 1V,;200 mg bolus then 10 PaO2/FiO: ratio and MODS
2005 Severe CAP 23 23 (69.6) 63.5(16.2) mg/h for 7 days score improvement by day 8
. Severe CAP, 552 Hydrocortisone 1V, 200 mg/day for 4-7 .
Dequin 2023 ICU 400 395 (69.4) 67.0 (14.4) days with taper to Days 814 28-day mortality
Fernandez- MethylprednisoloneJV, 200 mg bolus Day Respiratory failure requiring
Serrano 2011 Severe CAP 23 22 NR 63.6 (14.6) 1, then'80 mg/day x 3 days, 40 mg/day x 3 MV or NIPPV
days, 20. mg/day x 3 days
Lucinde 2025 Severe CAP 1,089 1,091 (15’13771) 52.5(25:2) *  Prednisone oral, 50 mg/day for 10 days  30-day all-cause mortality
. Severe CAP, 562 Methylprednisolone 1V, 40 mg bolus then .
Meduri 2022 ICU 297 287 (962) 68.8 (10.9) 40 mg/day for 7 days, tapered to Day 20 60-day all-cause mortality
45 Hydrocortisone 1V, 200 mg bolus Day 1 .. .
Nafae 2013 Severe CAP 60 20 (56.3) 49.0(13.3) then 10 mg/h for 7 days Clinical recovery at day 7
Snijders 2010  Severe CAP 48 45 (152 g 2) 63.5(18.2)  Prednisolone oral, 40 mg/day for 7 days  Clinical outcome at day 7
Torres 2015 Severe CAP 61 59 74 65.3 (19.5) Methylprednisolone IV, 0.5 mg/kg q12h for Treatment failure within 5
(61.7) 5 days days
Wittermans 115 .
2021 Severe CAP. 77 79 (73.7) 76.5(10.7)  Dexamethasone oral, 6 mg/day for 4 days Length of hospital stay

*: locally available glucocorticoids in bioequivalent doses;SD: standard deviation; CAP: community-acquired pneumonia; ICU:
intensive care unit; ['V: intravenous; q6h: every 6 hours; q12h: every 12 hours; mg: milligrams; h: hour; MV: mechanical ventilation;
NIPPV: noninvasive positive-pressure ventilation; PaO. FiO.: ratio of arterial oxygen partial pressure to fractional inspired oxygen;
MODS: multiple organ dysfunction syndrome; NR: not reported.



Table 2. Summary of certainty of evidence

Number of chertamti’he
Outcomes Impact participants .
(Studies) evidence
(GRADE)
Short-term OR 0.74 (95% CI 0.52—-1.05) 4, 7571 PP
mortality (10 studies) Moderate
Long-term mortality OR 0.95 (95% CI 0.53-1.79) 1, 988 PHLPS
(3 studies) Moderate
Length of hospital MD —2.25 days (95% CI —4.44 to 1,728 DODO
stay —0.06) (8 studies) Moderate
Length of ICU stay =MD —1.10 days (95% CI —1.63 to 2, 328 PHDD
—0.58) (7 studies) High
Serious adverse OR 0.83 (95% CI 0.67-1.01) 4217 PPPP
events (4 studies) High

GRADE = Working Group grades of evidence: High = This research provides a very good
indication of the likely effect. The likelihood that the effect will be substantially different is low;
Moderate = This research provides a good indication of the likely effect. The likelihood that the
effect will be substantially different is moderate; Low = This research provides some indication of
the likely effect. However, the likelihood that it will be substantially different is high; Very low =
This research does not provide a reliable indication of the likely effect. The likelihood that the

effect will be substantially different is very high.



Figure Legends

Figure 1. Meta-analysis of mortality outcomes in enrolled patients

A: Short-term mortality; B: Long-term mortality

Figure 2. Meta-analysis of length-of-stay outcomes

A: Length of hospital stay; B: Length of ICU stay

Figure 3. Meta-analysis of serious adverse events



