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cerebrovascular event while receiving aspirin, the
so-called aspirin treatment failure. Present practice
patterns include increasing the dose of aspirin or
switching to another antiplatelet agent, which are not
unreasonable approaches but neither has definitive
supportive evidence. Trials that randomly assign patients
with a breakthrough event while on aspirin to a newer
antiplatelet drug or higher aspirin dose, rather than
reinitiation of the original aspirin dose, could provide
insights into this issue. Perhaps terutroban could be
called on to perform again.
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Glucocorticoid treatment in community-acquired pneumonia

Community-acquired pneumonia is a major public
health problem. While mortality decreased sharply
after the introduction of antibiotics in the 1940s, since
1950 the overall acute (hospital) mortality has either
remained stable or increased.! Equally concerning,
after clinical resolution of pneumonia, patients
discharged from hospital have—after adjusting for age
and comorbidities—a substantial, continuing excess
mortality.? Despite concern about immunosuppression,
glucocorticoid treatment in low-to-moderate doses is
beneficial and safe for a wide variety of infections; and
experimental and clinical research has focused on its
potential role as adjunctive treatment of pneumonia.

In The Lancet, Sabine Meijvis and colleagues® report
the largest trial so far (304 patients) in which they
investigated glucocorticoid treatment in patients
hospitalised with community-acquired pneumonia.
The treatment and control groups had much the
same baseline characteristics and no patients required

mechanical ventilation. 4 days’ adjunctive treatment
with low-dose dexamethasone led to a median duration
of hospitalisation—the primary endpoint—of 6-5 days
(IQR 5-0-9-0) compared with 7-5 days (5-3-11-5) for
patients who received antibiotics alone, without an
increased risk of adverse events. The dexamethasone
group also had improved social functioning by day
30 (p=0-0091). The cost saving associated with
reduction in hospital stay for this common disease has
important public health relevance.* We congratulate
the investigators for this important addition to the
evidence® and the selection of a relevant primary
endpoint. A preliminary randomised trial of patients with
community-acquired pneumonia requiring admission
to intensive care (higher control mortality)® reported

improved short-term survival, and a large confirmatory
trial is in progress (NCT01283009).

Over the past 60 years, our pathophysiological
understanding of sepsis (most caused by pneumonia) has
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evolved and has influenced, more than any other factor,
the designand interpretation of glucocorticoid-treatment
trials.” In the 1950s and 1960s, our pathophysiological
knowledge of sepsis was scarce; glucocorticoid treatment
was given in low doses, and duration of administration
was guided by improvement in clinical variables
(clinical resolution). In the two decades that followed,
systemic into the
pathophysiological model of sepsis. However, widely used
laboratory models that misrepresented human sepsis
characterised systemic inflammation as short-lasting.’
The fundamental idea that treatment should be directed

inflammation was introduced

to and continued until disease resolution was omitted
from the design of glucocorticoid trials in sepsis. This
faulty pathophysiological model led to many negative
trials investigating massive doses (methylprednisolone,
up to 120 mg/kg daily) for 24-48 h.”

In the past two decades (panel),® with the availability
of biomarker assays, longitudinal measurements have
shown that persistent (in place of short-lived) elevation
of circulating concentrations of inflammatory cytokines
over time (dysregulated systemic inflammation) is the
central pathogenetic process contributing to morbidity
and mortality in community-acquired pneumonia,
sepsis, and acute respiratory distress syndrome. For
community-acquired pneumonia and sepsis studies,
contrary to acute respiratory distress syndrome,?
biomarker measurements were limited to the first

7-10 days of acute illness. Partly for this reason, most
community-acquired pneumonia and sepsis trials®
restricted duration of glucocorticoid treatment to 7 days
or less, and directed it solely at the acute phase of illness
(clinical resolution).

Two landmark publications have broadened
the landscape of our understanding of systemic
inflammation in pneumonia and its effect on acute
and long-term morbidity and mortality.**® With a
large dataset that included nearly 1900 patients
with  community-acquired pneumonia, Kellum®
and Yende" (for the Genetic and Inflammatory
Markers of Sepsis Study) reported that increased
TNF) o
and interleukin 6 persisted for weeks after clinical

concentrations of tumour necrosis factor

Panel: Present understanding of systemic inflammation in sepsis and acute
respiratory distress syndrome

1

10

11

12

13

Systemic inflammation is a highly organised response to infectious and non-
infectious threats to homoeostasis, and includes at least five major programmes:

(a) tissue-host defence response, (b) acute-phase reaction, (c) sickness syndrome,

(d) pain programme mediated by afferent sensory and autonomic systems, and

(e) stress programme mediated by hypothalamic-pituitary-adrenal axis and locus
ceruleus-norepinephrine or sympathetic nervous system

Tissue-host defence response is an integrated network of three simultaneously
activated pathways—inflammation, coagulation, and tissue repair—which account for
histological and physiological changes noted with acute and chronic organ dysfunction
Severity of systemic inflammation, at hospital presentation, positively correlates with
clinical severity scale of pneumonia: sepsis, severe sepsis, septic shock, and acute
respiratory distress syndrome

Severity of systemic inflammation, at intensive care unit entry, positively correlates with
need for mechanical ventilation, higher Pneumonia Severity Index score, higher Acute
Physiology and Chronic Health Evaluation Il score, higher Simplified Acute Physiology
Score Il and multiple organ dysfunction score

Experimental and clinical evidence shows strong cause and effect relation between
persistence vs reduction in systemic inflammation and progression (maladaptive
repair) vs resolution (adaptive repair) of organ dysfunction

Moderate degree of local inflammation is required to control infection; however,
excessive release of inflammatory cytokines favours intracellular and extracellular
bacterial growth and virulence, with U-shaped response

Inflammatory cytokine concentrations remain increased for weeks after clinical
resolution of sepsis or acute respiratory distress syndrome

Most patients with community-acquired pneumonia have low-grade systemic
inflammation at hospital discharge that correlates with 1-year mortality, independent
of patient’s age and comorbidity

Activated glucocorticoid receptor a —via downregulation of nuclear factor-kB —is
most important physiological inhibitor of inflammation, affecting thousands of genes
involved in stress-related homoeostasis

At cellular level, patients with dysregulated inflammation have inadequate
glucocorticoid receptor-mediated downregulation of inflammatory transcription
factor nuclear factor-kB, despite often having increased concentrations of circulating
cortisol (systemic inflammation-associated glucocorticoid resistance)

Systemic inflammation-associated glucocorticoid resistance can be reversed by
increasing glucocorticoid receptor a activation with quantitatively adequate and
prolonged glucocorticoid supplementation

In patients with sepsis and acute respiratory distress syndrome, much evidence
supports a strong association between prolonged downregulation, induced by
glucocorticoid treatment, of the inflammatory response and improvement in

organ physiology

Even short treatment with glucocorticoid is associated with downregulation of
glucocorticoid receptor concentrations in most cell types and adrenal insufficiency;
without 6-9 days’ tapering, rebound systemic inflammation is common and
associated with substantial clinical deterioration

resolution of pneumonia, and that the increase in
interleukin 6 at discharge predicted subsequent
90-day and 1-year mortality. These findings were much
the same for patients admitted with or without severe
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sepsis and suggested that patients with community-
acquired pneumonia discharged from hospital—

irrespective of initial severity—still have long-lasting,
subclinical, low-grade systemic inflammation. This

inflammatory load, which is a risk factor for premature
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death (mostly cardiovascular)," adds substantial
excess mortality for years. This important shift in
our understanding has important public health
implications and merits priority in research funding.
For the foreseeable future, glucocorticoids—with
their rapid and profound anti-inflammatory effect,

safety profile,’ and low cost—will remain the most
viable candidate for first-line adjunctive treatment. In
agreement with the published work on glucocorticoids,
Meijvis and colleagues® report a rapid and sustained
decrease in circulating inflammatory markers during
dexamethasone administration. This finding sharply
contrasts with the effect of statin treatment in
community-acquired  pneumonia.”  However, in
Meijvis and colleagues’ study,’ dexamethasone’s
early therapeutic benefits were lost within 2-3 days
of discontinuation of treatment and inflammatory
marker concentrations were much the same as those
of controls. Within the new pathophysiological
model,** the duration of glucocorticoid treatment
directed at achieving clinical resolution should be
deemed inadequate. We strongly urge future trials to
extend the duration of anti-inflammatory treatment
to achieve biological resolution and prevent rebound
inflammation. A longer duration of glucocorticoid
treatment—similar to those for acute respiratory
distress syndrome® and Pneumocystis jirovecii pneu-
monia—in conjunction with secondary prevention®
would maximise the improvement in morbidity and
mortality during and after hospitalisation. We thank
Meijvis and colleagues for identifying new benefits
for community-acquired pneumonia and the Genetic
and Inflammatory Markers of Sepsis investigators®*
for expanding our understanding and creating new

research opportunities to improve the lives of patients
with pneumonia.
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The impact of the Brazil experience in Latin America

The Brazil Series in The Lancet shows that rapid progress
can be made in public health and clinical care when
necessary conditions are met. The authors, a seasoned
group of Brazilian public health leaders, are key actors in
this process. They narrate what has gone right, the forces
that shaped progress, the main achievements, past and
present problems being faced, and challenges ahead. The
papers show the key role of securing universal access to
health as vital for vaccine-preventable infectious diseases,

diarrhoea and malnutrition, maternal mortality, and, more
recently, in controlling AIDS by providing free antiretroviral
therapy at point of entry—an impressive account of joint
efforts, supported by successive governments, to expand
preventive and curative health care in response to growing
public demand. How did this experience contribute to
changes in other countries within and beyond the region?
Traditional economic thinking in the past by bilateral and
multilateral international assistance was that countries

www.thelancet.com Vol 377 June 11,2011


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel



Articles

Dexamethasone and length of hospital stay in patients
with community-acquired pneumonia: a randomised,
double-blind, placebo-controlled trial

Sabine C A Meijvis, Hans Hardeman, Hilde H F Remmelts, Rik Heijligenberg, Ger T Rijkers, Heleen van Velzen-Blad, G Paul Voorn,
Ewoudt M W van de Garde, Henrik Endeman, Jan C Grutters, Willem Jan W Bos, Douwe H Biesma

Summary

Background Whether addition of corticosteroids to antibiotic treatment benefits patients with community-acquired
pneumonia who are not in intensive care units is unclear. We aimed to assess effect of addition of dexamethasone
on length of stay in this group, which might result in earlier resolution of pneumonia through dampening of
systemic inflammation.

Methods In our double-blind, placebo-controlled trial, we randomly assigned adults aged 18 years or older with
confirmed community-acquired pneumonia who presented to emergency departments of two teaching hospitals in
the Netherlands to receive intravenous dexamethasone (5 mg once a day) or placebo for 4 days from admission.
Patients were ineligible if they were immunocompromised, needed immediate transfer to an intensive-care unit, or
were already receiving corticosteroids or immunosuppressive drugs. We randomly allocated patients on a one-to-one
basis to treatment groups with a computerised randomisation allocation sequence in blocks of 20. The primary
outcome was length of hospital stay in all enrolled patients. This study is registered with ClinicalTrials.gov, number
NCT00471640.

Findings Between November, 2007, and September, 2010, we enrolled 304 patients and randomly allocated 153 to the
placebo group and 151 to the dexamethasone group. 143 (47%) of 304 enrolled patients had pneumonia of pneumonia
severity index class 4-5 (79 [52%)] patients in the dexamethasone group and 64 [42%] controls). Median length of stay
was 6-5 days (IQR 5-0-9-0) in the dexamethasone group compared with 7-5 days (5-3-11-5) in the placebo group
(95% CI of difference in medians 0-2 days; p=0-0480). In-hospital mortality and severe adverse events were infrequent
and rates did not differ between groups, although 67 (44%) of 151 patients in the dexamethasone group had
hyperglycaemia compared with 35 (23%) of 153 controls (p<0-0001).

Interpretation Dexamethasone can reduce length of hospital stay when added to antibiotic treatment in non-
immunocompromised patients with community-acquired pneumonia.

Funding None.

Introduction Corticosteroids are very potent inhibitors of

The mainstays of treatment for community-acquired
pneumonia are early diagnosis and initiation of
appropriate antibiotic therapy! Despite preventive
measures such as vaccination and advances in antibiotic
treatments, community-acquired pneumonia has a high
rate of mortality and morbidity and is associated with
significant health-care costs.? Adjunctive therapy for
community-acquired pneumonia might help to reduce
disease severity.

In community-acquired pneumonia, locally produced
pulmonary cytokines are needed to control and eliminate
the primary infection. However, organ dysfunction can
result from a systemic inflammatory response.’
Therefore, a balanced cytokine response needs to be
sufficient to control the local infection but not be
excessive, to prevent systemic effects. An ideal
intervention would reduce the systemic complications of
the inflammatory response without affecting the
resolution of local inflammation.

www.thelancet.com Vol 377 June 11,2011

inflammation.* They switch off genes that encode
proinflammatory cytokines and switch on genes that
encode anti-inflammatory cytokines. Treatment with low-
dose corticosteroids downregulates proinflammatory
cytokine transcription, which prevents an extended
cytokine response and might accelerate the resolution of
systemic and pulmonary inflammation in the early phase
of community-acquired pneumonia.**

Although not all studies show a beneficial effect of
corticosteroids, these hormones are widely given as
adjunctive therapy in patients with sepsis and septic
shock’” By contrast with the large number of studies
about sepsis and septic shock, there are few controlled
trials of corticosteroids as adjunctive treatment to
antibiotics in pneumonia, and these trials have produced
variable results.*™

We postulated that adjunctive treatment of community-
acquired pneumonia with intravenous dexamethasone
might change the immune response and thereby reduce
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817 patients assessed for
eligibility

513 excluded
386 did not meet inclusion criteria
272 currently on or needed
corticosteroids
64 on immunosuppressive drugs
25 otherwise immunocompromised
patients
25 direct intensive-care unit admission
72 missed for inclusion
38 declined to participate
17 other*

| 304 enrolled |

|
v v

151 randomly allocated to
receive dexamethasone

153 randomly allocated to
receive placebo

v v

| 0 lost to follow-up | | 0 lost to follow-up |

v v

| 151 analysed | | 153 analysed |

Figure 1: Study profile
*Eg, pregnant or breastfeeding.

morbidity, leading to a decrease in patients’ length of
stay in hospital. Dexamethasone has potent anti-inflam-
matory effects and weak mineralocorticoid effects
compared with other corticosteroids, thus avoiding
interference with sodium reabsorption and water
balance. Moreover, dexamethasone has a long-lasting
effect, allowing for a once-a-day regimen.

We aimed to assess the effect of intravenous
dexamethasone compared with placebo on length of
hospital stay in non-immunocompromised patients
who were admitted to hospital with community-
acquired pneumonia.

Methods

Study design and patients

We undertook a randomised, double-blinded, placebo-
controlled trial at the 880-bed St Antonius Hospital in
Nieuwegein and the 500-bed Gelderse Vallei Hospital in
Ede in the Netherlands (both teaching hospitals).
Patients were prospectively enrolled if they were aged
18 years or older and had confirmed community-
acquired pneumonia. Diagnosis of pneumonia was
confirmed when a new pulmonary infiltrate on a chest
radiograph was present in combination with at least two
of the following criteria: cough, sputum production,
temperature more than 38°C or lower than 35°C,
auscultatory findings consistent with pneumonia,
C-reactive protein concentration of more than 15 mg/L,
white blood cell count of more than 10x109 cells per L or

fewer than 4x10° cells per L, or more than 10% of rods in
leucocyte differentiation.”

Patients were excluded if they had a known congenital
oracquired immunodeficiency or receipt of chemotherapy,
any dose of oral corticosteroids, or immunosuppressive
medication in the previous 6 weeks or haematological
malignant disease. Patients who needed immediate
admission to the intensive-care unit at presentation and
pregnant or breastfeeding women were also excluded.
Furthermore, patients were not eligible when pneumonia
was diagnosed more than 24 h after admission or when
the patient needed corticosteroid treatment. Eligible
patients provided written informed consent and the study
was approved by the institutional Medical Ethics
Committee of the St Antonius Hospital.

Randomisation and masking

Eligible patients were randomly allocated to receive
dexamethasone or placebo by the Department of Clinical
Pharmacy (St Antonius Hospital) in blocks of 20 according
to a computer-generated random-number table. Random-
isation was based on a one-to-one allocation of prenumbered
boxes containing four ampoules (identical appearance for
dexamethasone and placebo) for intravenous admin-
istration. Patients, investigators, and data assessors were
masked to treatment allocation.

Procedures

Patients in the dexamethasone group were given a bolus
of 5 mg (1 mL) of dexamethasone (dexamethasone-
disodiumphosphate 5 mg, Centrafarm BV, Etten-Leur,
Netherlands) intravenously and patients in the placebo
group were given 1 mL of sterile water for injection
(Centrafarm BV) intravenously at the emergency unit,
within a maximum of 12 h from admission. All patients
received antibiotics before study treatment was given.
For the subsequent 3 days, patients received either
intravenous dexamethasone 5 mg (1 mL) or sterile water
(1mL) once a day. Selection, duration, and administration
of the antibiotic treatment were decided by the medical
team in charge and were done according to national
guidelines.” The decision to transfer a patient to the
intensive-care unit or hospital discharge were established
by their medical team. A general rule for hospital
discharge in both hospitals was that patients were
clinically stable (improvement of shortness of breath,
absence of hyperthermia or hypothermia, consistent
decrease of C-reactive protein concentrations, and
adequate oral intake and gastrointestinal absorption) and
were in a condition to leave the hospital.

The primary endpoint was length of hospital stay in
days until hospital discharge or death. If a patient was
admitted between 2400 h and 1200 h, the day of admission
was counted as 1 day; if the patient was admitted after
1200 h, the day of admission was counted as 0-5 days.
Secondary endpoints included mortality, admission to
intensive-care  units, development of empyema,
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superinfection, readmission, time courses of C-reactive
protein, interleukin-6, and interleukin-10 concentrations,
pulmonary function at day 30, and general health-related
quality of life as measured by the RAND-36 generic
health survey (see webappendix p 1).” Pleural effusion
was defined as pleural fluid layer thickness on chest
radiograph of more than 1 cm that needed additional
assessment (ie, pleural puncture), and empyema was
defined as pleural effusion containing bacteria. A
superinfection was defined as a new infection with or
without the need for antibiotic treatment. Readmission
was defined as admission to hospital within 30 days from
discharge. At a control visit 30 days after the day of
admission, lung function was assessed by body
plethysmography and carbon monoxide diffusion and
helium dilution. Measurements were done in the
pulmonary function laboratory of the hospital in which
the patient was admitted. Other secondary objectives that
were prespecified in the study protocol are beyond the
scope of this report and will be reported elsewhere.

We measured concentrations of C-reactive protein with
high sensitive-CRP (Roche Diagnostics GmbH,
Mannheim, Germany), electrolytes, and glucose, and
renal function, liver function, and haematology on the
day of presentation. Subsequently we took samples at
0800 h on days 1-7, if patients were still admitted to
the hospital, and at a control visit at least 30 days
after admission (convalescent phase). We measured
interleukin-6 and interleukin-10 concentrations by
Milliplex multianalyte profiling (Millipore, Billerica, MA,
USA) on the day of presentation and days 1, 2, and 4, and
at the control visit. At admission, we measured total
serum cortisol concentrations in blood drawn before
administration of the study medication with an ELISA kit
(Calbiotech, Spring Valley, CA, USA). Webappendix p 1
describes the method used for pathogen identification.
Treating doctors assessed comorbidities (neoplastic
disease, liver disease, congestive heart failure, renal
disease, diabetes mellitus, and chronic obstructive
pulmonary disease [COPD]). We calculated a pneumonia
severity index score for all patients.*

Statistical analyses

We calculated the sample size on the basis of the
assumption that dexamethasone could reduce the overall
length of stay by 2 days. With a reference length of stay of
10 days, we calculated that 150 patients were needed in
each group to detect this difference with a power of 80%
and a type 1 error of 5% (two-sided).

We show n (%) for categorical variables and median
(IQR) for continuous variables with non-normal
distribution or mean (SD) for those with normal
distribution. We assessed differences in categorical
variables with the y2 test or Fisher’s exact test. We analysed
differences in length of stay until hospital discharge or
death with the Mann-Whitney U test. We calculated
95% CI for differences in medians with an exact test.”

www.thelancet.com Vol 377 June 11,2011

We also assessed differences in length of stay between
treatment groups with the Kaplan-Meier method and a
Cox proportional hazard regression model. In these
analyses, we made adjustments because patients who died
early or were admitted to intensive-care units would count
as having a short length of hospital stay. If more patients
in the dexamethasone group died after a short length of
stay than did in the control group, an incorrect estimate of
length of stay would be reported. Equally, patients admitted
to the intensive-care unit were all treated with cortico-
steroids and study medication was stopped after intensive-
care unit admission. Therefore, we performed a
Kaplan-Meier method for analysis of time to discharge, in
which patients who were admitted to the intensive-care
unit or died were censored to show that the time of
reporting was cutoff before the only event of interest for

See Online for webappendix

Dexamethasone group (n=151)

Placebo group (n=153)

Men 84 (56%)
Age (years) 645 (187)
Race*
White 149 (99%)
Other 2 (1%)
Nursing-home resident 9 (6%)
Current smoker 38 (25%)
Antibiotic treatment before admission 42 (28%)
Comorbiditiest
Neoplastic disease 9 (6%)
Liver disease 2 (1%)
Congestive heart failure 24 (16%)
Renal disease 20 (13%)
Diabetes mellitus 22 (15%)
Chronic obstructive pulmonary disease 20 (13%)
Physical examination findings
Temperature (°C) 382(11)
Systemic blood pressure (mm Hg) 130:9 (22:7)
Heart rate (beats per min) 965 (19-4)
Respiratory rate (breaths per min) 241 (65)
Altered mental statust 29 (19%)
Laboratory parameters
C-reactive protein (mg/L) 2245 (143-6)
White-blood-cell count (10° cells per L) 147 (6-4)
Total serum cortisol (ug/dL) 23.6 (14-9-41-2)
Pneumonia severity index score* 100-2 (33-4)
Pneumonia severity index risk class
Class 1 18 (12%)
Class 2 30 (20%)
Class 3 24 (16%)
Class 4 54 (36%)
Class 5 25 (17%)

disorientation, or stupor, and scored by the treating doctor.

87 (57%)
62:8(18-2)

382(12)
132:3(20-7)
97-0 (20-2)
241(67)
22 (14%)

2096 (136-7)
140 (6:5)
216 (13-5-39-2)
95-8(32:5)
22 (14%)
34 (22%)
33 (22%)
43 (28%)
21 (14%)

Data are n (%), mean (SD), or median (IQR). *Self-reported. tPatients could have more than one comorbidity. $Defined
as a state of awareness that differed from the normal awareness of a conscious person, including sudden confusion,

Table 1: Baseline characteristics of enrolled patients
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Dexamethasone  Placebo group p value
group (n=151) (n=153)
Length of stay (days) 65 (5-0-9-0) 75 (5:3-11-5) 0-0480
In-hospital mortality 8 (5%) 8 (5%) 098
Time to death (days) 5-5(2:6-18-9) 8-8(3-8-12-8) 0-64
30-day mortality 9 (6%) 11 (7%) 0-68
ICU admission 7 (5%) 10 (7%) 0-47
Time to ICU admission (days) 2.5(1-5-6'5) 1.8 (1-5-2:6) 034
Length of stay in ICU (days) 21.5(14-5-28-5) 155 (10-1-28:5) 023
Empyema or pleural effusion 7 (5%) 5(3%) 054
Readmission within 30 days from hospital discharge 7 (5%) 7 (5%) 0-98

Data are median (IQR) or n (%), unless otherwise stated. ICU=intensive-care unit.

Table 2: Outcomes for all enrolled patients

Patients admitted to hospital (%)

Number at risk
Placebo group
Dexamethasone

group

---- Placebo group

—— Dexamethasone
group
80—
60—
40—
20
0
0
Length of stay (days)
153 127 68 28 11 8 6 5
151 127 47 18 10 9 6 4

Figure 2: Kaplan-Meier analysis of the effect of dexamethasone on length of hospital stay in all enrolled patients
Patients who died or were admitted to the intensive-care unit were censored on the day of death or the day of
admission to the intensive-care unit.
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the primary analysis (ie, hospital discharge) occurred. For
the Kaplan-Meier method, a Gehan-Breslow-Wilcoxon test
was applied because this testemphasises early differences.”
In the Cox proportional hazard regression model, we
adjusted for all baseline characteristics.

To examine differences in quality-of-life scores between
the two groups, we calculated the proportion of patients
with clinically meaningful changes in quality of life (ie, a
change of +10 points; webappendix p 1) between baseline
and 1 month after treatment. Differences between the
two treatment groups were analysed with the ¥2 test. All
statistical analyses were done with SPSS version 15.0.
A two-tailed p value of less than 0-05 was regarded as
significant, apart from for multiple comparisons of the
quality of life items, in which we used a conservative
value of p<0-01. Interim analyses were preplanned and
done after the inclusion of 100 and 200 patients to assess

the frequency of serious side-effects related to either
dexamethasone or placebo. An external, independent
data and safety monitoring board reviewed the results of
these interim analyses.

This study is registered with ClinicalTrials.gov, number
NCT00471640.

Role of the funding source

There was no funding source for this study. All authors
had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

From November, 2007, to September, 2010, we enrolled
304 patients (figure 1, table 1). 133 (44%) patients had
comorbidities, with more patients having renal disease
in the dexamethasone group than in the control group
(table 1). 79 (52%) of 151 patients in the dexamethasone
group were in pneumonia severity index risk classes 4
and 5 compared with 64 (42%) of 153 in the placebo group
(table 1). Baseline characteristics of patients did not differ
between the two hospitals (data not shown).

For the primary outcome, the median length of hospital
stay in the dexamethasone group was 6-5 days
(IQR 5-0-9-0) compared with 7-5 days (5-3-11-5) in the
placebo group (95% CI of difference in medians: 0-2 days,
p=0-0480; table 2). Length of hospital stay differed
significantly between groups on Kaplan-Meier analysis
(p=0-0478; figure 2). Adjusted for baseline characteristics,
the hazard ratio for discharge was 1-46 (95% CI 1-13-1-89)
favouring earlier discharge for dexamethasone-treated
patients compared with controls.

All patients were treated with intravenous antibiotics
within 4 h of admission to hospital according to national
guidelines.” Antibiotic treatment was much the same in
both groups (webappendix p 3). 18 (12%) of 151 patients
in the dexamethasone group and 16 (10%) of 153 patients
in the placebo group were treated with a macrolide alone
or as part of combination therapy. Antibiotic treatment
was modified on the basis on the outcome of the micro-
biological investigation. The mean time of switching to
oral administration of antibiotics was 5-0 days (SD 4-2)
in the dexamethasone group and 5-1 days (3-5) in the
placebo group.

We established the microbial cause of community-
acquired pneumonia in 168 (55%) of 304 patients
(webappendix p 4). Streptococcus pneumoniae, Coxiella
burnetii, Chlamydophila spp, and Legionella spp were the
most frequently identified microorganisms. Distribution
of the pathogens did not differ between groups. We noted
mixed infection in 21 (7%) patients.

132 (87%) of 151 patients in the dexamethasone group
and 134 (88%) of 153 patients in the placebo group
completed the 4-day course of study treatment. 13 patients
did not complete the course because of admission to
intensive-care units, four died, and 21 had protocol
violations (webappendix pp 1-2).
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For secondary outcomes, hospital mortality (web-
appendix p 5) and rates of admission to intensive-care
units did not differ between groups (table 2). None of the
patients received continuous positive airway pressure or
non-invasive ventilation outside the intensive-care unit.
Rates of pleural effusion or empyema were less than 5%
in both groups and did not differ significantly (p=0-54;
table 2). Seven (5%) patients in both groups were
readmitted within 30 days of hospital discharge (table 2;
webappendix p 2).

In the first 4 days after admission, we noted a greater
decline in C-reactive protein and interleukin-6 concen-
trations in the dexamethasone group than we did in the
control group (figure 3). For interleukin-10, the decrease
was much the same between treatment groups. The
sharp decrease we noted for interleukin-6 and
interleukin-10 concentrations contrasts with the more
blunted kinetics of C-reactive protein. On day 10,
C-reactive protein concentrations were slightly higher in
the dexamethasone group than they were in the placebo
group (figure 3).

Concentrations of cortisol before the start of study
treatments were much the same between groups. We
noted a cortisol concentration of 10 pg/dL or lower in
30 (10%) patients, including 18 (12%) of 149 patients who
were tested in the placebo group and 12 (9%) of 141 patients
who were tested in the dexamethasone group. In patients
with low cortisol concentrations (<10 pg/dL), mortality,
intensive-care unit admission, and length of stay did not
differ between treatment groups.

We assessed lung function at a control visit on day 30
in 93 (61%) patients in the placebo group and 86 (57%) in
the dexamethasone group. There were no differences in
forced expiratory volume in 1 s (FEV,), FEV,/forced vital
capacity, or diffusing capacity of the lung for carbon
monoxide in either group (data not shown).

209 (69%) patients completed the RAND-36 quality of
life survey on day 3 (114 controls and 95 patients in the
dexamethasone group) and 157 (52%) patients completed
it on day 30 (79 and 78). Although patients had a similar
quality of life on day 3, patients in the dexamethasone
group had significantimprovements in social functioning
by day 30 compared with controls (p=0-0091).

Hyperglycaemia (non-fasting glucose >11 mmol/L")
was more common in the dexamethasone group
(67 [44%)] patients) than it was in controls (35 [23%];
p<0-0001). However, only seven patients (5%) in the
dexamethasone group and five patients (3%) in the placebo
group needed additional glucose-lowering treatment
during their hospital stay (p=0-57). Superinfection
occurred in seven (5%) patients in the dexamethasone
group and five (3%) patients in the placebo group (p=0-54).
One patient in the dexamethasone group had a history of
myelodysplastic syndrome, progressed to acute myeloid
leukaemia on day 12 after admission, and subsequently
died. Another patient in the dexamethasone group had a
gastric perforation on day 3. Surgical closure of the
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250+ --@ - Placebo group

—@— Dexamethasone group

200

150

100

C-reactive protein (mg/L)

504

0= T T T T T T

Length of stay (days)

Number at risk

Placebogroup 153 141 135 131 104 84 75 53 39 112
Dexamethasone group 151 130 126 121 91 70 49 33 23 115

Ln interleukin-6 (pg/mL)

(o R w—— T —| ——
)

0 1 2 4 10
Length of stay (days)
Number at risk

Placebogroup 146 127 118 88 45
Dexamethasone group 133 93 80 75 36
C
34

Ln interleukin-10 (pg/mL)

-1 T —
Length of stay (days)

Number at risk
Placebogroup 126 111 100 85 37
Dexamethasonegroup 118 85 74 59 38

Figure 3: Mean concentrations of serum C-reactive protein (A), interleukin-6 (B), and interleukin-10 (C)
from hospital admission to day 30
Error bars show standard error. Interleukin concentrations were not tested for all enrolled patients.
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perforation was done, and the patient recovered well. Two
patients in the placebo group developed an acute
myocardial infarction on day 1; one died 4 days after
admission to the intensive-care unit and the other patient
died after 3 weeks while on the ward. One patient in the
placebo group required admission to the cardiac care unit
because of new-onset atrial fibrillations. A masked
independent monitoring committee (the Medical Ethics
Committee, according to predefined regulations) adjudi-
cated all adverse events and decided that there were no
reasons for unmasking. Immunological and endo-
crinological data will be reported elsewhere.

Discussion
In our trial, we noted an overall reduction in median
length of hospital stay of 1 day in patients with community-
acquired pneumonia who were given intravenous
dexamethasone compared with controls. In a secondary
analysis, patients in the dexamethasone group had a
better quality of life than did controls with respect to
social functioning by day 30 after admission to hospital.

These findings support our hypothesis that early
administration of dexamethasone changes the immune
response and thereby reduces length of hospital stay in
patients with community-acquired pneumonia. This
modulation is shown in the accelerated return to normal
concentrations of C-reactive protein and interleukin-6
that we noted in the dexamethasone group. However,
interleukin-10 concentrations were not affected by the
use of dexamethasone. The published effects of gluco-
corticosteroids on interleukin-10 concentrations during
infection are variable,* and the effect of dexamethasone
on interleukin-10 is probably dose-dependent.”

We reported an apparent rebound effect of dexa-
methasone on C-reactive protein concentrations by

Panel: Research in context

Systematic review

We searched the PubMed database with the search terms
“community-acquired pneumonia” and “corticosteroids” for
randomised, double-blind trials describing the effect of
corticosteroids as adjunctive therapy for community-acquired
pneumonia. No language restrictions were applied. The last
search was done on April 15, 2011. Our search identified five
published trials.®*022¢

Interpretation

Our study shows that a 4-day course of 5 mg dexamethasone
reduces length of hospital stay in patients admitted for
community-acquired pneumonia. The faster decline in
concentrations of C-reactive protein and interleukin-6 that
we noted in patients given dexamethasone compared with
controls support the notion that dexamethasone reduces the
systemic inflammatory response. Although serious adverse
events were rare, the benefits of corticosteroids should be
weighed against the potential side-effects.

day 10 after admission to hospital, as previous described
in the published work.”? However, this finding might be
explained because, by day 10, most patients in the
dexamethasone group had been discharged, whereas the
remaining patients had a complicated clinical course. By
contrast, on day 10 the placebo group had a high number
of patients who were almost ready for discharge, and
had low mean C-reactive protein concentrations.
Moreover, the number of readmissions was not higher
in the dexamethasone group than the control group,
which would have been expected in the case of a true
rebound effect.

Our results are in line with other studies that showed a
beneficial effect of corticosteroids in patients with
community-acquired pneumonia (panel). Confalonieri
and colleagues’ reported an improvement in oxygenation
and a survival advantage in patients with severe
community-acquired pneumonia who were treated with
hydrocortisone for 7 days. A retrospective study* sug-
gested that patients with severe community-acquired
pneumonia who were treated with systemic corticosteroids
had a reduced risk of mortality compared with patients
who were not given adjunctive corticosteroids. A small
randomised-controlled trial® of 31 patients with
community-acquired pneumonia of any severity
compared prednisolone for 3 days with placebo and
reported a non-significant reduction in hospital stay
from 16 to 11 days (p=0-182). However, this study was
probably too small to show significant effects on length of
stay. A study” of 213 patients—the largest so far to assess
the role of prednisolone (40 mg once per day for 7 days) in
community-acquired pneumonia of any severity—showed
neither beneficial effects of adjunctive corticosteroids on
clinical cure at day 7 or effects on length of stay. A possible
explanation for the absence of effect compared with our
study was the use of prednisolone once a day, which
might not have been sufficient to achieve effective serum
concentrations during the course of 24 h. Furthermore,
this study was not powered to show differences in the
length of hospital stay.

In our study, the median length of hospital stay of
7-5 days in the placebo group was reduced by 1 day by
dexamethasone (13% reduction). Although the group
size of the study was calculated for a 2 day reduction, we
regard the noted 1 day reduction as clinically relevant.

Our study has several strengths compared with
previous studies. It was the largest randomised double-
blind, placebo-controlled trial undertaken to date and
was done in two hospitals. We used dexamethasone,
which has a comparatively long biological halflife of
36-54 h.” Because we provided dexamethasone once a
day for 4 days, the pharmacological effects can be
expected from day 1 to about day 11. Moreover, because
of the long half-life of dexamethasone, a more gradual
reduction in biological effects might be expected,
allowing for a gradual increase in intracellular
glucocorticoid receptor number and recovery of the
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hypothalamic-pituitary-adrenal axis. Additionally, we
measured total cortisol concentrations on the day of
admission to detect adrenal insufficiency. The
significance of a low serum cortisol concentration in
patients with community-acquired pneumonia is,
however, not clear.”® Nevertheless, in accordance with
other studies, total cortisol concentrations of lower than
10 pg/dL were not associated with worse outcome than
were higher concentrations.”

Pneumonia severity index risk classes 4 and 5 were
more commonly noted in the dexamethasone group than
the placebo group. This imbalance in the severity of
community-acquired pneumonia could have led to an
underestimation of the effect of dexamethasone because
a high risk class (4 or 5) usually leads to a longer length of
stay than does a low risk class (1-3).%

Our study had limitations. First, the results cannot be
generalised to all patients with community-acquired
pneumonia. In patients with COPD, pneumonia is
usually coincident with bronchial obstruction, which
needs treatment with systemic corticosteroids® and
therefore led to an underrepresentation of patients with
COPD in this study (only 34 [11%] of 304 patients enrolled
this study had COPD compared with an incidence of
around 21% of the 817 people in the screened population).
Also, the microorganism C burnetii is somewhat
overrepresented in this study because of an outbreak of
Q fever in the Netherlands in spring 2009.* However,
patients with C burnetii pneumonia were equally
distributed between the dexamethasone and placebo
groups. Another limitation was that, because of low rates
of antibiotic resistance, guidelines for antibiotic
treatment in the Netherlands differ from US guidelines.”
In the Netherlands, amoxicillin is standard therapy for
community-acquired pneumonia of pneumonia severity
index class 1 and 2 and is combined with a fluoroquino-
lone or macrolide antibiotic in patients with more severe
community-acquired pneumonia. All pneumococci
derived from sputum or blood cultures in this study
were sensitive to penicillin. A further limitation was that
admission to intensive-care units during the hospital
stay was defined as an endpoint of this study. Patients
with severe community-acquired pneumonia who were
admitted to the intensive-care unit were given
corticosteroids according to the Surviving Sepsis
Campaign protocol.” Therefore, we were unable to
assess the effects of dexamethasone on mechanically
ventilated patients. The study was not sufficiently
powered to show an effect of dexamethasone on
admission to the intensive-care unit. Finally, dexa-
methasone was given intravenously. Although the study
protocol allowed health-care professionals to stop the
intravenous administration of dexamethasone if patients
were switched to oral antibiotics, most patients received
the full course of study medication. Therefore,
participation in the trial might have resulted in longer
administration of intravenous antibiotics.
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Although serious adverse events were rare, one patient
in the dexamethasone group developed a gastric
perforation on day 3 that could be attributed to the use of
dexamethasone. Furthermore, hyperglycaemia was noted
more often in the dexamethasone group than it was in
the control group. Hyperglycaemia is also associated with
adverse outcome in non-critically ill patients.” The
benefits of corticosteroids should be weighed against the
potential disadvantages of these drugs, such as
superinfections and gastric disturbances.
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