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Introduction

Several studies have indicated that community-acquired 
pneumonia (CAP) is the cause of a high burden of disease 
in many regions of the world, including the United States 
of America (USA), Europe, Latin America and the Asia-
Pacific region, being associated with a high rate of infection, 
emerging antibiotic resistance, ongoing mortality, both 
immediate and long-term, significant impact on health-related 
quality of life, as well as high medical healthcare costs (1).  
CAP is a leading cause of death, not only in the USA, but 

throughout the world (2). The recent Global Burden of 
Disease Study [2013] indicated that although there has been 
a reduction in the number of cases worldwide between 1990 
and 2013, lower respiratory tract infections still remain 
a common cause of death and feature as the second most 
common cause of global years of life lost (3). 

With respect to the in-hospital setting, persistently 
high mortal ity rates of  CAP, which in developed 
countries have been reported to reach 17% and 27% 
at 4 weeks and 6 months post-intensive care unit (ICU) 
admission respectively, present an ongoing challenge (4). 
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Acute respiratory failure, acute cardiovascular events 
and multiple organ dysfunctions resulting from CAP-
associated hyperacute inflammation, represent the major 
threats (1). Preventing these complications, which are 
exacerbated, at least in part, by pre-existing, low-grade, 
chronic inflammatory co-morbidities, and possibly the pro-
inflammatory activity of bactericidal antibiotics, is a field of 
considerable interest and activity. In the case of the former, 
risk factors include atherosclerosis, type II diabetes/obesity 
and chronic lung diseases (5). The pro-inflammatory 
activity of bactericidal antimicrobial agents such as beta-
lactams and fluoroquinolones result from bacteriolysis, with 
accompanying release of cell-wall, cytoplasmic and nuclear 
components (6). These, in turn, interact with the various 
types of pathogen recognition receptors present on cells of 
the innate immune system and structural cells to activate 
the production of pro-inflammatory cytokines/chemokines, 
while others lead to activation of the complement cascades. 
The risk is highest in the setting of a high bacterial load, 
leading to development of a Jarisch-Herxheimer-like 
reaction.

Clearly the mainstay of therapy of CAP is the use of 
antibiotics, which, of necessity, is initially empiric, since the 
causative organism(s) are not known at the time of initiation 
of treatment. Much has been written regarding what 
constitutes appropriate and/or optimal antibiotic treatment, 
and this has been extensively reviewed elsewhere (1,7-9). 
However, while it is well recognised that inappropriate 
initial antibiotic therapy is associated with a worse outcome, 
it is also noted that even in the setting of appropriate initial 
antibiotic treatment, many patients still die (10). This has 
resulted in considerable interest in the potential role of 
adjunctive, anti-inflammatory therapies in the management 
of patients with CAP, particularly among the more seriously 
ill patients (1,7-9,11,12). Shindo and colleagues recently 
studied risk factors for 30-day mortality in patients with 
CAP who had received appropriate antibiotic therapy, with 
the aim of trying to identify patients who were most likely 
to benefit from adjunctive therapy (10). 

Awareness of the threat posed by CAP-associated, 
inf lammation-mediated t issue damage and organ 
dysfunction, seemingly exacerbated by co-existent co-
morbidities, has motivated exploration of the therapeutic 
potential of adjunctive anti-inflammatory therapies 
(1,7,9,11,12). Foremost amongst these are corticosteroids 
(CS) and macrolides (1), with more recent interest in 
statins and platelet-targeted pharmacological agents (13). 
While the macrolide group of antibiotics is recommended 

primarily for their antimicrobial effects, being used 
in combination with beta-lactam agents in the more 
seriously ill patients with CAP, there is also considerable 
evidence that these agents possess beneficial, secondary 
anti-inflammatory effects directed at both the host and 
the pathogen (1). More recently, an appreciation of a 
potential role for statins as adjunctive therapy has also 
emerged; however, CS are currently amongst the most 
favoured adjunctive agents, with several clinical trials, 
as well as systematic reviews and meta-analyses, having 
been undertaken in the past 2 years. Of the systematic 
reviews and meta-analyses, one of the most comprehensive 
was that undertaken by Siemieniuk and colleagues, and 
is the focus of this current review (14). This is preceded 
by a brief consideration of the mechanisms of anti-
inflammatory activity of CS, the interactions of these 
agents with macrolide antibiotics, and the potential 
benefits and risks of short-term administration of CS.

Corticosteroid (CS) mechanisms of anti-
inflammatory activity, interactions, benefits and 
limitations 

CS possess broad-spectrum anti-inflammatory activities 
which target a broad range of immune, inflammatory and 
structural cells (15,16). The mechanisms underpinning 
these activities of CS are well documented and are covered 
only briefly here. These result from the interactions of 
CS with the cytosolic glucocorticoid receptor-α (15,16). 
The resultant homodimeric glucocorticoid/glucocorticoid 
receptor-α complex (GC/GR) undergoes translocation to 
the cell nucleus where anti-inflammatory activity is achieved 
by two distinct mechanisms. The first of these, known as 
trans-repression, is non-genomic and involves recruitment 
of histone deacetylase-2 to the activated inflammatory 
gene complex by the GC/GR. This, in turn, results in 
termination of activation of genes encoding a range of pro-
inflammatory proteins. These include cytokines/chemokines 
such as tumour necrosis factor-α and interleukin-8 (15,16). 
The second mechanism, known as trans-activation, is 
achieved via the binding of the GC/GR to GC response 
elements located in the promoter regions of target genes 
resulting in the transcription of genes encoding various 
anti-inflammatory proteins such as IL-10 and the IL-1 
receptor antagonist (15,16).

This dual mechanism of CS-mediated anti-inflammatory 
activity targeting many cell types, with the possible 
exception of neutrophils (17), clearly underscores the 
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potential of these agents in the adjunctive therapy of CAP.

Corticosteroid (CS)/macrolide interactions

In many of the studies designed to assess the adjunctive 
utility of CS in patients with CAP, a seemingly under-
appreciated aspect is the interactions of these agents with 
macrolide antibiotics. In this context, it is well established 
that several macrolides inhibit the activity of cytochrome 
P450 3A4 (CYP3A4), a xenobiotic-metabolising enzyme, 
which is induced by, and also eliminates various types of 
CS (18-20). The most commonly used macrolides in the 
treatment of severe CAP, clarithromycin, erythromycin 
and azithromycin do, however, vary with respect to their 
inhibitory effects on CYP3A4, and are classified as strong, 
moderate and weak inhibitors, respectively (19). Metabolism 
of methylprednisolone, used in many clinical trials of severe 
CAP, appears to be particularly responsive to the inhibitory 
effects of clarithromycin on CYP3A4, while metabolism 
of prednisone is apparently unaffected (21). Furthermore, 
another property of macrolides which needs to be 
considered in the setting of CS adjunctive therapy of CAP 
is the suppressive effects of these agents on neutrophils, 
cells which are apparently insensitive to the direct anti-
inflammatory actions of CS (17,22,23). Therefore, although 
the current literature is limited, the influence of concomitant 
macrolide administration, whether beneficial, detrimental 
or negligible, on CS metabolism, may be an issue which 
requires serious consideration when evaluating the outcome 
of most clinical trials investigating the role of adjuvant CS in 
severe CAP. 

Potential benefits and limitations of short-term 
administration of corticosteroids (CS) in CAP

The stringent systematic review and meta-analysis reported 
by Siemieniuk et al., complemented by very recent clinical 
trials and additional meta-analyses expanded on below, 
largely support the contention that short-term adjunctive 
CS therapy is associated with a shorter time to clinical 
stability and decreased duration of hospitalisation in 
CAP patients overall, with the potential for a decrease 
in mortality in those with severe infection (14). The 
difficulties in interpreting the data emanating from the 
various studies and systematic reviews originate from the 
inherent differences in the characteristics of the individual 
investigations. These include study type (e.g., retrospective 
versus prospective vs. observational), patient inclusion (e.g., 

all CAP vs. severe CAP) and exclusion (e.g., excluding 
immunocompromised patients and/or specific pathogens in 
some studies) criteria and differences in study end-points, 
as well as the specific CS agent, route, dose, and duration 
used. The strengths of the meta-analysis by Siemieniuk et al.  
include the rigorous search for the included studies, 
the inclusion of numerous end-points, and the authors’ 
stringent attention to heterogeneity and bias in the data, 
as well as their reporting of the quality/certainty of the 
evidence for CS benefits and risks (14). 

Notwithstanding uncertainty in respect of optimum 
type, dosage, route and duration of administration, 
Prina et al. in their recent review mention that clinically 
insignificant hyperglycemia was the only evident side-
effect noted in several randomised clinical trials of CS in 
CAP (9). The authors cautioned, however, the need for 
awareness of the potential threat of superinfection (9), while 
other risks, albeit very infrequent, include gastrointestinal 
(GIT) bleeding, osteonecrosis, severe mood changes and 
psychotic reactions, as well as fatal varicella-zoster in 
immunocompetent persons (24,25). In addition, CS use 
is contra-indicated in the setting of Influenza A H1N1 
pneumonia and should be used with extreme caution, or not 
at all, in the presence of certain medical conditions, such as 
insulin-requiring diabetes mellitus (26).

Although of unproven significance in the setting of severe 
CAP, the apparent resistance of neutrophils to the anti-
inflammatory actions of steroids also represents a potential 
limitation of these agents. These include prolongation of 
the lifespan of neutrophils via steroid-mediated inhibition 
of apoptosis (22), as well as progressive loss of GR function 
during sustained activation of these cells (23). Given the 
suppressive effects of macrolides on neutrophil reactivity, 
future studies of adjunctive CS therapy should consider 
adjusting for specific antibiotic therapy when assessing 
outcomes. 

The Siemieniuk systematic review and meta-
analysis 

Siemieniuk and colleagues undertook a comprehensive 
systematic review and meta-analysis of all randomised 
controlled trials (RCTs) that had been undertaken 
evaluating the use of adjunctive systemic CS in adults 
hospitalised with CAP (14). At the time of their study, a 
Cochrane systematic review and meta-analysis, with similar 
inclusion criteria, had been published in 2011, which had 
included all CAP studies undertaken up to December 
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2010 (27). Siemieniuk and colleagues used the same search 
strategy of that review for the extraction of additional 
studies in MEDLINE, MBASE and the Cochrane register 
of controlled trials for the period 1 January 2010 to 24 May 
2015 and also reviewed the reference lists of all the existing 
studies and reviews, together with all articles on Google 
Scholar that had cited the included studies (14). The authors 
extracted data of all potential benefits and also harms of 
adjunctive CS therapy, the latter including the occurrence 
of hyperglycemia requiring treatment, GIT haemorrhage, 
neuropsychiatric symptoms and need for rehospitalisation. 
The authors used a stringent definition of severe CAP, if 
possible, using the following scoring systems in preferential 
order: the Pneumonia Severity Index (PSI), the CURB—65 
score, the American Thoracic Society criteria or the British 
Thoracic Society criteria. If objective scoring was not 
possible, the classification of severe CAP as described by 
the authors of the individual studies was used. Siemieniuk 
and colleagues were meticulous in their handling of the 
data, using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) system to 
evaluate the quality/certainty of evidence. They also 
used a Cochrane instrument to assess the risk of bias in 
the individual studies, with publication bias assessed by 
inspection of funnel plots. Various tests for heterogeneity of 
the studies were also applied. In total, the authors evaluated 
13 RCTs, encompassing 2,005 patients, including additional 
studies which followed the previous Cochrane review. 

The main findings were as follows. In the studies that 
assessed mortality, there were 52/977 (5.3%) deaths in the 
CS group vs. 79/997 (7.9%) deaths in the control group (RR 
=0.67; 95% CI, 0.45–1.01). The effects on mortality varied 
according to CAP severity, being significant in the severe 
group (RR =0.39; 95% CI, 0.20–0.77), but not in the non-
severe group (RR =1.0; 95% CI, 0.79–1.26). Other positive 
endpoints in the CS group were a reduction in need for 
mechanical ventilation (MV) (RR =0.45; 95% CI, 0.26–
0.79), which was greater in studies enrolling less severely 
ill cases, a reduction in acute respiratory distress syndrome 
(ARDS) (RR =0.24; 95% CI, 0.10–0.56), a decrease in time 
to clinical stability [mean difference (MD), −1.22 days; 95% 
CI, −2.08 to −0.35 days] and a decrease in the duration 
of hospitalisation (MD, −1.00 days; 95% CI, −1.79 to  
−0.21 days). The only significant adverse event was the 
occurrence of hyperglycemia requiring treatment (RR 
=1.49; 95% CI, 1.01–2.19). 

The final assessment was that CS use was associated 
with a lower mortality (moderate quality evidence), which 

was only significant in the group of patients with severe 
CAP; however, there was a significant reduction in the need 
for MV (moderate quality evidence), in the occurrence of 
ARDS (moderate quality evidence), in the time to clinical 
stability (high quality evidence) and in the duration of 
hospitalisation (high quality evidence). Hyperglycaemia 
requiring treatment occurred significantly more frequently 
in the CS group (high quality of evidence). 

The major advantages of this analysis were the rigorous 
searches by the authors that elicited studies that had not 
been included previously, and their meticulous assessment 
of bias, heterogeneity and quality of data, providing 
estimates of uncertainty for each endpoint or conclusion. 

One of the major issues highlighted by the authors 
that they have indicated as a limitation of their study is 
that the included investigations varied considerably with 
regard to the type of CS used, the dose and the route of 
administration (14). Thus even though the evidence for 
benefit of CS use in this systematic review and meta-
analysis appeared with moderate-to-high certainly, the 
study is unable to recommend an optimal agent or dose for 
CS therapy. 

A number of additional studies, as well as systematic 
reviews and meta-analyses were published before and after 
the Siemieniuk paper and to a large extent they came to 
similar conclusions and are reviewed in some detail below. 

Review of other recent meta-analyses

After Siemieniuk 

Marti and colleagues undertook a systematic review and 
meta-analysis of RCTs comparing adjunctive CS and 
antibiotic therapy with antibiotics alone in adult patients 
with CAP of any severity (28). British and American 
Thoracic Society criteria were used to define CAP. The 
primary outcome measure used was 30-day mortality. 
Secondary outcomes evaluated were length of hospital 
stay, time to clinical stability, need for vasopressors or MV 
and severe complications (need for MV or vasopressors). 
Adverse events evaluated were hyperglycemia and in-
hospital GIT bleeding. A total of 14 trials were included 
which had enrolled 2,077 patients. There was no difference 
in mortality when comparing the cases that had received 
adjunctive CS vs. those that had not (RR =0.84; 95% CI, 
0.55–1.29). However, adjunctive CS therapy was associated 
with a lower risk of severe complications (RR =0.36; 95% 
CI, 0.23–0.56), a shorter length of hospital stay [9 days 
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(95% CI, 7.6–10.7) vs. 10.6 days (95% CI, 7.4–15.3)] and a 
shorter time to clinical stability [3.3 days (95% CI, 2.8–4.1) 
vs. 4.3 days (95% CI, 3.6–5.1)]. The risk of hyperglycemia 
was higher in the CS group (RR =1.59; 95% CI, 1.06–2.38),  
while there was no difference in occurrence of GIT 
bleeding between the two groups. Subgroup analysis 
documented a mortality benefit in patients with severe CAP 
(RR =0.47; 95% CI, 0.23–0.96).

The final assessment was that use of CS did not result in 
a lower mortality overall, but was associated with a lower 
mortality in the sub-group of severe CAP; CS use was, 
however, associated with a decrease in severe complications, 
in the length of hospital stay and time to clinical stability. 
There was an increased risk of hyperglycemia in the CS 
group. 

Horita and colleagues undertook a systematic review 
and meta-analysis of original RCTs, written as full articles 
in English, which evaluated the use of adjunctive CS in 
addition to antibiotic therapy targeting both typical and 
atypical pathogens in hospitalised adults with CAP (29). 
Use of any type, dose, or duration of CS was considered 
acceptable. Articles focusing on immunocompromised 
patients or “specified pathogens” (not defined further) were 
excluded. All the articles analysed were required to include 
data on at least one of the following outcomes: mortality 
[expressed as an odds ratio (OR)], length of ICU stay, length 
of hospital stay, and time to clinical stability [in the form 
of a hazard ratio (HR) or as mean difference]. The study 
eventually evaluated 10 RCTs encompassing 1,780 patients. 
The main findings in the CS group were that the pooled 
OR for all-cause death was 0.80 (95% CI, 0.53–1.21), being 
0.41 (95% CI, 0.19–0.90) in the subgroup of severe cases, 
and 0.21 (95% CI, 0.0–0.74) in the subgroup of ICU cases. 
Furthermore, the length of ICU stay was −1.30 days (95% 
CI, −3.04 to −0.44), length of hospital stay −0.98 days (95% 
CI, −1.26 to −0.71), and time to clinical stability −1.16 days  
(95% CI, −1.73 to −0.58). While some studies had reported 
on adverse events, the data were not considered suitable 
for meta-analysis due to differences in the described 
methodology. In general, the authors indicated that while 
there may have been an increased risk of CS-related adverse 
events and hyperglycaemia, there did not appear to be a risk 
of serious adverse events. 

The final assessment was that the use of CS was 
associated with a significantly lower mortality only in 
patients with severe CAP, while in the CAP patients overall 
there was a shorter length of hospital stay and shorter time 
to clinical stability. There appeared to be no increased risk 

for severe adverse events in the CS group. 
Chen and colleagues undertook a systematic review and 

meta-analysis of RCTs of adult patients (>18 years) with 
CAP, diagnosed according to the China and American 
Thoracic Society CAP guidelines who had been treated 
in the emergency room or in hospital (30). Studies which 
included HIV-infected patients with CAP were excluded, 
as were studies with incomplete or inaccurate information. 
The cases treated with CS and conventional antibiotics 
were compared to the group receiving antibiotics alone. 
The endpoints evaluated were mortality, length of hospital 
stay, length of ICU stay, as well as the occurrence of adverse 
events including superinfection, upper GIT bleeding 
and hyperglycaemia. Seven RCTs encompassing a total 
of 944 patients were evaluated further. No differences in 
mortality (RR =0.77; 95% CI, 0.46–1.27; Z=1.03; P=0.30), 
or length of ICU stay [weighted mean difference (WMD), 
1.17; 95% CI, 1.68–4.02; Z=0.81; P=0.42) were evident. 
However, the mean length of hospital stay was shorter 
in the CS group (WMD, −1.70; 95% CI, −2.01 to −1.39; 
Z=10.81; P<0.00001). With regard to adverse events, there 
were no significant differences noted in the occurrence of 
superinfection, upper GIT bleed or hyperglycemia when 
comparing the CS vs. the standard treatment group. 

The final assessment was that use of CS was associated 
with a shorter length of hospital stay, but had no impact on 
mortality. There were no differences in the adverse events 
when comparing the two groups of patients. 

Wan and colleagues undertook a systematic review and 
meta-analysis of RCTs of adult patients with CAP (31).  
Studies comparing treatment vs. placebo or no agent which 
had the endpoints of mortality rate, either in-patient or 28-day  
mortality, were evaluated in the analysis. The secondary 
endpoints included adverse events including superinfection, 
hyperglycaemia, GIT bleeding and empyema. Observational 
cohort studies were included to confirm the results of the 
RCTs with studies published as abstracts included in the 
sensitivity analysis. Overall, there were nine eligible RCTs, 
as well as six cohort studies, encompassing 1,667 and 4,095 
patients respectively. The main findings were that CS use 
in CAP patients overall (RR =0.72; 95% CI, 0.43–1.21) 
and in severely ill cases (RR =0.72; 95% CI, 0.43–1.21) 
was not associated with a significant reduction in mortality. 
Neither was there a reduction in mortality in severely ill 
cases in the cohort studies (RR =1.00; 95% CI, 0.86–1.17). 
There was, however, a significant decrease in the risk of 
ARDS (RR =0.21; 95% CI, 0.08–0.59). Because of the way 
the data were reported, a combined analysis of the other 
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endpoints was not possible, but there was a tendency for 
CS use to be associated with a shorter time to clinical 
stability, and duration of intravenous (IV) antibiotic therapy, 
as well as a reduced length of hospital and ICU stay. The 
use of CS was not associated with any adverse events, 
such as superinfection, hyperglycaemia, GIT bleeding, or 
empyema. 

The final assessment was that CS use had no impact 
on mortality, either overall, or in the severely ill cases, 
but there was a decrease in the risk of ARDS. Although 
analysis was not possible, there was a suggestion that CS 
use may reduce length of hospital and ICU stay, time to 
clinical stability, and duration of IV antibiotic therapy. CS 
use was not associated with an increase in adverse events 
(The key findings of these meta-analyses are summarised 
in Table 1).

Before Siemieniuk

Cheng and colleagues undertook a systematic review of 
RCTs in adult patients with severe CAP (32). Studies 
were included if CS were used as adjunctive therapy and 
compared with placebo, defined as normal saline solution 
or a drug with similar appearance to that of the CS. Studies 
in abstract form or lacking original data were excluded. 
The primary endpoint was in-hospital mortality, or, if that 
was unavailable, mortality at the longest follow-up time. 
Secondary outcomes were length of hospital and ICU stay, 
duration of MV, days off MV and adverse events. Four 
RCTs enrolling patients with severe CAP were included. 
Use of CS was found to be associated with a significant 

reduction in hospital mortality vs. the control group (Peto 
OR =0.39; 95% CI, 0.17–0.90). There was a trend from the 
RCTs towards reduction in the secondary endpoints and no 
significant difference in adverse events. 

The final assessment was that CS use was associated 
with a reduced mortality in adults with severe CAP, with 
an indication of a possible reduction in ICU and hospital 
length of stay, and duration of MV, and increased days off 
MV, with no difference in adverse events when compared 
with the control group. 

Review of recent clinical studies

Before Siemieniuk

Blum and colleagues conducted a multicentre, randomised, 
double-blind, placebo-controlled trial in hospitalised 
adult patients (>18 years) with CAP (defined as previously 
described), who were randomly assigned to receive 
prednisone 50 mg daily for 7 days, or placebo (33). The 
primary study endpoint was time to clinical stability which 
was defined as the time taken to achieve stable vital signs 
for at least 25 h. There were multiple secondary endpoints, 
including all-cause mortality. Ultimately, 785 patients 
were assigned, 392 to the CS group and 393 to the placebo 
limb. The median time to clinical stability was significantly 
shorter in the CS compared with the placebo group [3.0 days  
(IQR, 2.5–3.4) vs. 4.4 days (IQR, 4.0–5.0); HR =1.33; 
95% CI, 1.15–1.50; P<0.0001]. There was no difference 
in pneumonia-related complications when comparing 
the two groups, but the CS group had more in-hospital 

Table 1 Summary of recent meta-analyses reviewing corticosteroid adjuvant therapy of CAP

Author Findings Adverse events

Siemieniuk et al. (13 RCT’s) (14) Decreases in mortality (in severe CAP), need for MV, occurrence of ARDS, time 

to clinical stability, and duration of hospitalization

Hyperglycemia

Marti et al. (14 RCTS) (28) Decreases in mortality (in severe CAP), risk of severe complications, length of 

hospital stay, and time to clinical stability

Hyperglycemia

Horita et al. (10 RCTs) (29) Decreases in mortality (in severe CAP), length of hospital stay, and time to clinical 

stability

No difference*

Chen et al. (7 RCTs) (30) No impact on mortality; decreased length of hospital stay No difference*

Wan et al. (9 RCTs) (31) No impact on mortality; decreased risk of ARDS; suggestions of decreases in 

length of hospital and ICU stay, time to clinical stability, and duration of intravenous 

antibiotic therapy

No difference*

*, no difference in adverse events when comparing CS and control groups. CAP, community-acquired pneumonia; RCTs, randomized 

controlled trials; MV, mechanical ventilation; ARDS, acute respiratory distress syndrome; ICU, intensive care unit. 
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hyperglycemia requiring insulin therapy [76 (19%) vs. 43 
(11%); OR =1.96; 95% CI, 1.31–2.93; P=0.0010]. All-
cause 30-day mortality was not different between the two 
treatment groups. 

Torres and colleagues conducted a multicentre, 
randomised, double-blind, placebo-controlled trial in 
adult patients (>18 years) with severe CAP and, what 
they described as a high inflammatory response [defined 
as a C-reactive protein (CRP) level >150 mg/L] (34). 
The primary outcome was treatment failure, a composite 
outcome of early treatment failure based on clinical 
deterioration, need for subsequent MV, death within 72 h of 
treatment, or a composite outcome of late treatment failure 
based on radiographic progression, persistent respiratory 
failure, development of shock, subsequent need for MV, 
death 72 h after treatment initiation or a composite of both 
early and late treatment failure. In-hospital mortality was 
a secondary outcome. Adverse events were also evaluated. 
Treatment failure was significantly less common in the CS 
versus the placebo group [8 patients (13%) vs. 18 patients 
(31%); P=0.02]. The risk of treatment failure was lower 
in the CS group (OR =0.34; 95% CI, 0.14–0.87; P=0.02). 
There was no difference in the in-hospital mortality when 
comparing the CS and placebo groups [6 patients (10%) vs. 
9 patients (15%); P=0.37], and no significant difference in 
the occurrence of hyperglycemia [11 patients (18%) vs. 7 
patients (12%); P=0.34]. 

After Siemieniuk

Tagami and colleagues undertook a retrospective record 
review of adult patients (≥18 years) with severe CAP, 
requiring MV, who had received catecholamines (for septic 
shock) (35). Patients were divided into two groups based 
on whether they had received CS (n=631) or not (n=1,893). 
Of interest in the CS group was the inclusion of cases 
that received “low-dose” CS defined as IV infusion of 
methylprednisolone 0.5–2.5 mg/kg per day (or equivalent 
doses for other CS), while those who had received high-
dose CS were excluded. The primary outcome measure 
was 28-day mortality. In the 2,524 cases that had received 
catecholamines [2,524] the 28-day mortality was significantly 
lower in the CS vs. the placebo group (unmatched; 24.6% 
vs. 36.3%; P<0.001; propensity matched: 25.3% vs. 32.6%, 
P=0.01; inverse-probability weighted: 27.5% vs. 34.2%; 
P<0.001). There was no difference in 28-day mortality 
when comparing the CS and placebo groups in cases who 
had not received catecholamines (n=4,410). 

Major ongoing studies

A number of clinical trials which may address some of the 
questions that have arisen from previous investigations are 
currently recruiting cases. 

The  Ex tended  S te ro id s  in  CAPe  (ESCAPEe) 
study aims to document whether early treatment with 
methylprednisolone compared to placebo improves survival 
in critically ill adult patients (≥18 years) with CAP (36). 
There are a number of patient exclusion criteria. The 
treatment duration chosen is 20 days, including 7 days of 
full dose CS, followed by a slow reduction in dose over 
13 days. The CS dose chosen is an initial bolus dose on 
randomisation, followed by 40 mg/day for the first 7 days, 
20 mg/day for the next 7 days and 6 days of tapering doses 
(12 mg/day and then 4 mg/day). It will be noted whether 
patients required MV at the time of treatment assignment. 
Patients will otherwise receive standard of care according to 
guidelines. Patients will be followed for 180 days, with the 
primary outcome measure being 60-day all-cause mortality. 
A number of secondary endpoints have been chosen which, 
among others, includes in-hospital morbidity-mortality, 
ventilator-free days, multiple organ dysfunction syndrome-
free days, length of ICU and hospital stay, and post-hospital 
morbidity-mortality. Mortality will be followed up to 1 year. 

The second study, the Santeon-CAP study (37), is a 
multicentre study planning to recruit 600 hospitalised patients 
with CAP. There are certain predefined sub-group analyses 
planned. The study will compare the use of dexamethasone 
administered at a dose of 6 mg by mouth daily for 4 days, 
compared to placebo. The primary outcome measures are 
length of hospital stay. Secondary endpoints include, among 
others, mortality, disease severity and inflammatory indices. 

A related study, albeit not focused specifically on CAP, 
is the ADRENAL study (38), which aims to document 
whether patients admitted to the ICU with septic shock 
have a better outcome when given hydrocortisone compared 
to placebo. The study aims to recruit 3,800 participants 
with septic shock who will receive a continuous IV infusion 
of hydrocortisone at a dose of 200 mg daily for 7 days versus 
placebo while in ICU. The primary outcome measure is 
mortality at 90 days after randomisation and there are a 
number of secondary outcomes.

Commentaries/editorial comments on the 
various studies

Several commentaries, focused on the meta-analysis by 
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Siemieniuk et al. (14), as well as the trials reported by 
Torres et al. (34), Tagami et al. (35) and Blum et al. (33) have 
accompanied or followed publication. These commentaries, 
although generally positive, do not, however, reflect 
concordance with respect to the role of CS in the adjuvant 
therapy of CAP. 

Restrepo et al., commenting on the report by Siemieniuk 
et al. (14), expressed the opinion that “this meta-analysis 
supports the use of systemic CS therapy” in patients 
with severe CAP (39); however, they also highlighted the 
difficulty in defining what constitutes “severe CAP”. While 
patients requiring MV and/or vasopressor support are an 
obvious target group, the authors proposed that the use 
of biomarkers such as CRP may help in identifying those 
patients who do not have these clinical characteristics, but 
who nevertheless may also benefit from CS therapy. 

While commending Torres et al. (34) on their attempts 
to identify a category of patients likely to benefit most 
from CS (those with the highest systemic inflammatory 
indices), Wunderink expressed some reservations about 
the study, including the relatively low percentages of 
patients in both the CS and control group who had 
received concomitant macrolide therapy, the 8-year period 
required for recruitment, and the relatively short time of 
CS administration (only 5 days) (40). Wunderink noted that 
the major difference between the two groups with regard 
to “treatment failure” was less radiographic progression 
in the CS treatment group, possibly due to attenuation 
of a Jarisch-Herxheimer-like reaction, necessitating 
confirmation in larger studies (40). While conceding the 
limitations identified by Wunderink (40), Torres and Ferrer 
in their commentary conclude that in the presence of a high 
systemic inflammatory response and the absence of influenza 
pneumonia or significant medical contra-indications 
for CS “that CS are useful in severe CAP and can help 
decrease treatment failure and probably mortality” (26).  
The authors indicated that although CS were used in their 

study patients for only 5 days, with abrupt cessation, there 
was no rebound of the inflammatory markers at day 7. 

Ricard and Messika in their commentary on the study 
reported by Tagami et al. (35), while noting some limitations 
of this study, indicated that the study clearly indicated that 
patients with severe CAP and associated shock are most 
likely to benefit from adjunctive CS therapy as opposed to 
those without shock (41). As proposed by Torres et al., this 
is likely to be the sub-group of patients with the highest 
inflammatory indices (34).

Commenting on the clinical trial reported by Blum et al. (33),  
Annane in his largely complimentary review, in which he 
noted the favourable benefit-risk ratio associated with CS 
therapy, also raised several issues for future investigation, 
including likely CS therapy benefit in outpatients and 
ICU cases with CAP, as well as the potential for long-
term benefits of CS (42). Baskar et al., commenting on the 
same trial, raised several interpretational issues, stating 
that “additional high quality studies with a clinical event as 
the primary end-point are needed before rallying for any 
change in clinical practice” (43). 

In terms of future research, several strategies which may 
clarify the adjunctive therapeutic potential of CS in CAP 
are shown in Table 2.

Conclusions

The meta-analysis  by Siemieniuk and col leagues 
documented that adjunctive CS use in patients with CAP 
is associated with a shorter time to clinical stability and 
a shorter length of hospital stay, as well as a possible 
mortality benefit in those with severe CAP, a contention 
which is largely supported by additional recent studies 
and meta-analyses (14). Although clarity is still required 
as to which specific subgroups of CAP would benefit most 
from adjunctive CS, those with severe CAP, those with the 
highest inflammatory biomarker indices, such as CRP levels 

Table 2 Strategies to optimise corticosteroid (CS) adjunctive therapy of community-acquired pneumonia (CAP)

Characterisation of the beneficial mechanisms of CS-mediated anti-inflammatory activity such as attenuation of  

Jarisch-Herxheimer-like reactions

Identification of sub-groups of patients, possibly those with high systemic inflammatory indices, who are likely to benefit most 

from CS adjunctive therapy

Identification of the most reliable systemic, inflammatory biomarkers predictive of responsiveness to CS

Improved characterization of CS with respect to type(s) and efficacy, as well as dose, route and duration of therapy

Improved characterization, beneficial or otherwise, of the interactions of CS with concomitantly administered macrolide antibiotics
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greater than 150 mg/L, and those with shock requiring 
vasopressor support, appear to experience greatest benefit, 
as suggested by the meta-analyses and by several of the 
investigators (14,35,44). 
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