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Need Assessment

Inhaled corticosteroids are a main-
stay of chronic obstructive pulmonary
disease for patients with a history of exacer-
bations. Increasing treatment options for
chronic obstructive pulmonary disease add
to the complexity of treatment and require
review of clinical data to inform treatment
decisions. Inhaled corticosteroids in combi-
nation with long acting $2-agonists reduce
the risk of exacerbations and improve lung
function and health status in patients with
chronic obstructive pulmonary disease
compared with inhaled corticosteroids or

long acting beta agonist therapy alone.

Objectives

® Discuss the role of inflammation in
chronic obstructive pulmonary disease

® Identify the types of inflammation in
chronic obstructive pulmonary disease

® Describe the role of corticosteroids in
inflammation

® Discuss and compare the efficacy of
systemic corticosteroids and inhaled

corticosteroids

Goal

The goal of this article is to review the
current role of systemic and inhaled corti-
costeroids in severe COPD treatment

including their efficacy and side effects
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Introduction

Chronic

disease is an umbrella term used to describe

obstructive  pulmonary
different pathologies that contribute to
patient symptoms of breathlessness, cough-
ing, sputum production, chest tightness
and wheezing. Patients diagnosed with
chronic obstructive pulmonary disease may
experience symptoms of differing severity
that can vary from day to day. Many
patients with chronic obstructive pulmo-
nary disease will have some degree of lung
hyperinflation, defined as an increased
volume of air remaining in the lung at the
end of a spontaneous expiration. Hyperin-
flation is closely associated with dyspnoea;
limitation of physical activity and exercise
intolerance, thus a reduction in hyperinfla-
tion may result in an improvement in phys-
ical activity, reduced dyspnoea and other
clinical benefits (as shown in figure 1).
Systemic and local inflammation is
central to the pathophysiology of chronic
obstructive pulmonary disease (COPD)
(as shown in figure 2). Increased levels of
inflammation have been linked to a more
progressive course in chronic obstructive
pulmonary disease and have been shown
to be present during an exacerbation.
Chronic obstructive pulmonary disease

treatment consists of drug therapies to alle
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viate the patient’s symptoms, stabilize lung
function and reduce the patient’s risk of
chronic obstructive pulmonary disease
exacerbation (increased symptoms that
require urgent and additional medical treat-
ments). The mainstay of chronic obstruc-
tive pulmonary disease treatments is a class
of drugs called “anticholinergics”. These
drugs prevent the binding of acetylcholine
to the M3 receptors on the airway surface.
Decrease in inflammatory cytokines,
C-reactive protein and inflammatory
cells have been observed with corticoster-
oid use, suggesting a possible mechanism
for a therapeutic benefit of steroids. No
available data support the routine use of
systemic corticosteroids in stable chronic
obstructive pulmonary disease; however,
short courses during exacerbations are
likely to improve length of hospitaliza-
tion, lung function and relapse rate.
Inhaled corticosteroids (ICS) decrease the
rate of exacerbation and may improve the
response to bronchodilators and decrease
dyspnoea in stable chronic obstructive
pulmonary disease. No study shows that
inhaled corticosteroids reduce the loss of
lung function; however, recent data suggest
a possible survival benefit when combined
with long-acting B agonists. There are lim-
ited data on the use of inhaled corticoster-

oids in the treatment of acute exacerbations
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Fundamentals of COPD care

Offer treatment and support
to stop smoking

Offer pneumococcal and
influenza vaccinations

Offer pulmonary rehabili-
tation if indicated

Co-develop a personalized
self-management plan

Optimize treatment for
co-morbidities

Start inhaled therapies only if

e All the above interventions have been
offered (if applicable)

e Inhaled therapies are needed to relieve

breathlessness or exercise limitation

Figure 1: Fundamentals of COPD care

of chronic obstructive pulmonary disease
and its role in this setting must be more
clearly defined. The empiric use of systemic
corticosteroids perioperatively represents
another area of uncertainty.

The role of pharmacogenetics in the
metabolism of corticosteroids in chronic
obstructive pulmonary disease is evolving
but may be partially responsible for the
observed variability in patient responsive-

ness. The potential benefits of systemic or

inhaled corticosteroid use must be weighed

against the risk of known toxicities. [1,

Rank 5]

Role of Inflammation

in COPD

The chronic inflammatory process in
chronic obstructive pulmonary disease
involves both innate and adaptive immuni-

ty and is most pronounced in the bronchial
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Figure 2: Pathophysiology of COPD

walls of the small airways. The inflammarto-
ry process in chronic obstructive pulmo-
nary disease does have marked heterogenei-
ty. It results in both emphysema with
parenchymal involvement and chronic
bronchitis, which predominantly affects the
small airways. A characteristic feature of
chronic obstructive pulmonary disease is
the presence of acute exacerbations, which
increased

is typically associated with

inflammation

Inflammatory cell types
prominent in chronic

obstructive pulmonary disease

There are a variety of cell types that

contribute to inflammation in chronic
obstructive pulmonary disease, of which
the most important are the macrophages,

the neutrophils and the lymphocytes (as
shown in figure 3). Macrophages have a key
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role in the pathogenesis of chronic obstruc-
tive pulmonary disease and are found in
markedly increased numbers in both
airways and lung parenchyma. Neutrophils
are generally more inflammatory than mac-
rophages and are most prominent in acute
exacerbations in the lung airways. As
chronic obstructive pulmonary disease pro-
gresses, a distinctive feature is the develop-
ment of lymphoid follicles in the small
airways. These lymphoid follicles are com-
posed of T cells and B cells. Other inflam-
matory cell types involved in chronic
obstructive pulmonary disease include
eosinophils, dendritic cells and mast cells.
The presence of eosinophils in chronic
obstructive pulmonary disease may be asso-
ciated with co-existent asthma. Increased
numbers of activated pulmonary dendritic
cells are found in patients with chronic
obstructive pulmonary disease and are a
marker of disease severity. Mast cells are
widely distributed in the airways and have a
well established role in asthma inflamma-

tion.

(1]
The mainstay of chronic obstruc-
tive pulmonary disease treat
ments is a class of drugs called

g 3 3 3 " , ,
anticholinergics’.




GPRNworld |

Systemic vs. Inhaled Steroids - Efficacy and Side Effect Profile

INFLAMMATORY
CELL TYPES

—m

Macrophages = Neutrophils

Other

Lymphocytes inflammatory

cell types

I_I_I

Dendritic Mast cell

Eosinophils —ells

Figure 3: Inflammatory cell types
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Figure 4: Inflammatory mediators

The epithelial cells have an important
role in mediating inflammation in chronic
obstructive pulmonary disease. These cells
are activated by inhaled toxins, such as ciga-
rette smoke and biomass smoke as well as
microorganisms. This results in the produc-
tion of a variety of inflammatory mediators
including cytokine, chemokines and reac-

tive oxygen species (as shown in figure 4).
Cytokines

Cytokines in the lungs are principally
produced by macrophages and T cells. Im-
portant mediators produced by macrophag-
es and neutrophils include tumor necrosis
factor alpha (TNF a), interleukin-1 (IL-1),
IL-6 and IL-8.

(1]
The most commonly associated

factor with lung inflammation in

»
COPD is autoimmunity.
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Reactive oxygen species

The excessive production of reactive
oxygen species damages the lung tissue and
results in oxidative stress, which is a prima-
ry pathogenic process in chronic obstruc-
tive pulmonary disease. The phagocytes
(neutrophils and macrophages) and epithe-
lial cells all produce reactive oxygen species
and this process is enhanced in patients
chronic  obstructive

with pulmonary

disease.
Proteases

Proteases are produced by neutro-
phils and macrophages. These include neu-

trophil elastase and matrix matalloprotein-
ases (MMP) 9 and 12.

Tissue Inflammation

Although systemic inflammation is
clearly present in chronic obstructive pul-
monary disease, local inflammation
within the airways and lung parenchyma
is a likely starting point for the inflamma-
tory cascade. Airway inflammation is
significantly increased during exacerba-
tions of chronic obstructive pulmonary
disease, with evidence of increased neu-

trophils, lymphocytes and eosinophils seen

in airways and in sputum.
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(11

Histone deacetylase (HDAC) is
reduced in the alveolar mac-
rophages of cigarette smokers
and inhibits the production of
inflammatory cytokines in

alveolar macrophages.

Reduced histone deacetylase
activity and increased histone
acetyltransferase correlate
with increased exacerbation
and chronic obstructive pulmo-
nary disease severity and are
associated with corticosteroid

b
insensitivity in these patients.

—

patients who had abstained from

smoking for several years, suggesting a per-
sistent, perhaps maladaptive response to

previous injury. [2, Rank 3]

Systemic Inflammation

Chronic obstructive pulmonary dis-
ease affects more than just the lungs.
Muscle wasting, cachexia, atherosclerosis
and cardiac disease have been associated
with chronic obstructive pulmonary dis-
ease (as shown in figure 5). These non-pul-
monary manifestations of chronic
obstructive pulmonary disease suggest a
systemic disorder that is likely mediated
by circulating inflammatory cells and

inflammatory cytokines.

8
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TRIGGERING FACTORS
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Figure 5: Non pulmonary manifestations of COPD

Neutrophil activation seems to play a cen-
tral role in the pathogenesis of chronic
obstructive pulmonary disease. Several
recent studies have shown heightened
neutrophil activation in patients with
chronic obstructive pulmonary disease
compared with normal individuals.
Researchers showed that peripheral neu-
trophils taken from patients with stable

chronic obstructive pulmonary disease
had significantly increased in vitro chem-
otactic and proteolytic activity compared
with neutrophils obtained from normal
individuals. Genetic evidence of peripher-
al neutrophil activation has been provided
by some researchers, who obtained periph-
eral neutrophils from normal volunteers

and from patients with chronic obstructive



pulmonary disease after stimulation with
tumor necrosis factor-a and/or granulo-
cyte-macrophage colony—stimulating
factor. The severity of chronic obstructive
pulmonary disease as determined by the
FEV1 correlated with concentrations of
IL-1B3, MIP-1B, CD83, IL-1 receptor 2
and IL-1 receptor antagonist as measured
by gene microarray. Although it seems that
peripheral neutrophilic activation occurs in
chronic obstructive pulmonary disease, its
clinical significance has yet to be elucidated.
[3, Rank 4]

Less

available
regarding the role of peripheral lympho-

information  is

cyte function in chronic obstructive pul-
monary disease. Increased lymphocyte
apoptosis and the production of trans-
forming growth factor-B have been shown
in stimulated peripheral lymphocytes of
patients with chronic obstructive pulmo-
nary disease. Increased peripheral lym-
phocyte activation has also been seen in
chronic obstructive pulmonary disease, as
well as up-regulation of Toll-like receptor
2 (TLR-2), matrix metalloproteinase-9,
IL-6 and monocyte chemoattractant pro-
tein-1 (MCP-1) from peripheral mono-
cytes.

Many circulating inflammatory
mediators have been observed to be
elevated in stable chronic obstructive pul-

monary disease and during exacerbations
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(as shown in figure 6). C-reactive protein
(CRP) is a known marker of systemic
inflammation and a likely participant in
the inflammatory cascade. C-reactive
protein has been implicated as a marker
of infection and cardiovascular disease;
however, the relationship between C-reac-
tive protein and chronic obstructive pulmo-
nary disease is less clear. Researchers first
described an association between C-reactive
protein and exacerbations of chronic
obstructive pulmonary disease in 50
patients admitted for exacerbations of
chronic obstructive pulmonary disease.
C-reactive protein levels were significantly
elevated on admission and dropped to near
normal levels after treatment. Although the
marked elevation in C-reactive protein was
more pronounced for patients with proven
bacterial infection, patients with no identi-
fied pathogen had a similar rise and fall in
C-reactive protein level. Elevated C-reac-
tive protein levels have also been shown in
stable chronic obstructive pulmonary dis-
ease when compared with smokers with-
out chronic obstructive pulmonary dis-
ease and seem to be independent of the
presence of cardiovascular disease. Eleva-
tions in C-reactive protein in chronic
obstructive pulmonary disease have also
been linked to exercise limitation, increased
airflow limitation, and dyspnoea. Last,

elevations in C-reactive protein levels in

10
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Figure 6: Inflammatory mediators and severity of COPD

patients with chronic obstructive pulmo-
nary disease have been shown to be a
strong indicator of important clinical

outcomes, including hospitalization and

death. [4, Rank 5]

Role of Corticosteroids

in Inflammation

Corticosteroids are a class of steroid
hormones that are produced in the adrenal
cortex. Corticosteroids are involved in a
wide range of physiologic systems such as
stress response, immune response and regu-
lation of inflammation, carbohydrate me-
tabolism, protein catabolism, blood electro-
lyte levels and behaviour. In cases of chron-
ic obstructive pulmonary disease and
asthma, inflammation tends to be chronic

and severe. Therefore oral glucocorticoster
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oids are often prescribed for these types of
conditions due to their powerful ability to
decrease inflammation. As more evidence
mounts implicating inflammation in the
pathogenesis and maintenance of chronic
obstructive pulmonary disease, therapeutic
strategies meant to halt or reverse inflam-
mation are desirable. 7he use of inhaled or
systemic corticosteroids has been the cor-
nerstone in anti-inflammatory therapy in
all settings of chronic obstructive pulmo-
nary disease. The use of steroids in chron-
ic obstructive pulmonary disease remains
controversial because of questionable
benefit and potentially significant drug
toxicity. Because neutrophils, T lympho-
cytes and macrophages have been implicat-
ed in the pathogenesis of chronic obstruc-
tive pulmonary disease, investigators have
sought evidence that steroids may alter the
biological behaviour of these cell lines and
other inflammatory mediators. 7he effect of
steroids on neutrophils has traditionally
been considered to be minimal; however,
there are data indicating that steroids
induce neutrophil death in vitro. Addition-
ally, decreased neutrophils and IL-8 levels
in bronchoalveolar lavage samples have
been demonstrated in patients with
chronic obstructive pulmonary disease
who were treated with inhaled budesonide,

suggesting a potential mechanism of action

11
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for steroids in this patient population.
Biopsies of airways of smokers with chronic
obstructive  pulmonary disease given
showed decreased

sub

inhaled fluticasone
CDS8:CD4

endothelial mast cells when compared with

ratios and decreased
patients receiving placebo. In this study,
patients receiving inhaled fluticasone had
fewer chronic obstructive pulmonary
disease exacerbations, suggesting that alter-
ations in airway inflammation may have
played a role in the beneficial effect of
One

explanation for the therapeutic effect of

inhaled corticosteroids. plausible
corticosteroids in chronic obstructive pul-

monary disease suggests that histone
deacetylase in the presence of corticoster-
oids down-regulates the transcription of
inflammatory cytokines. Clinical obser-
vations made with the use of systemic and
inhaled corticosteroids support the notion
of corticosteroids exerting an inhibitory
effect on inflammatory mediators. Addi-
tionally, patients with chronic obstructive
pulmonary disease whom inhaled corticos-
teroids were withdrawn showed reductions
in C-reactive protein level when retreated
with inhaled corticosteroids and systemic

corticosteroids; whereas patients retreated

with placebo do not. [5, Rank 3]
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Efficacy of Systemic

Corticosteroids

Early clinical trials evaluating the
efficacy of systemic corticosteroids in the
treatment of chronic obstructive pulmo-
nary disease offered conflicting results.
While some published reports documented
efficacy in the administration of systemic
corticosteroids to patients with chronic
obstructive pulmonary disease, others con-
veyed little if any benefit. However, the
interpretation and applicability of early
data are limited by a dearth of rand-
omized, placebo-controlled, blinded stud-
ies, a lack of clearly defined end points
and assessment of efficacy in multiple
chronic obstructive pulmonary disease
patient populations.

Because early clinical trials almost
exclusively evaluated the effect of therapy
with corticosteroids in patients with
stable chronic obstructive pulmonary dis-
ease, a study was conducted to evaluate
whether systemic corticosteroids improved
spirometry results and/or arterial blood-gas
levels in patients with chronic obstructive
pulmonary disease and acute respiratory
distress. In this study, patients hospitalized
with acute respiratory insufficiency and
chronic obstructive pulmonary disease were
randomized to receive either intravenous

(IV) methylprednisolone (n=22) or match

12
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ing placebo (n=22) for 72 hours. All
patients received standardized treatment
consisting of oxygen, aminophylline,
nebulized isoproterenol and antibiotics.
The mean percentage change in both pre
and post bronchodilator forced expiratory
volume in 1 second (FEV1) was significant-
ly greater in patients receiving methylpred-
nisolone in comparison to placebo at all
measured time points. No significant differ-
ences were observed in forced vital capacity
(FVQC), arterial pH or partial pressure of
carbon dioxide (PaCO2) between the
methylprednisolone treated and placebo
groups. The authors noted, however, that
perhaps there were too few patients includ-
ed in this study to determine such differ-
ences. Of the potential adverse events asso-
ciated with systemic corticosteroid admin-
istration, hyperglycemia (mean serum glu-
cose concentration 164+42 mg/dL for
methylprednisolone treated patients versus
139+29 mg/dL for placebo, P<0.05), acute
psychosis (n=1) and upper gastrointestinal
hemorrhage (n=1) were observed. However,
only hyperglycemia could be definitively
attributed to the administration of methyl
prednisolone. [6, Rank 2]

Following studies indicating the
emergent administration of systemic corti-
costeroids in acute exacerbations of chronic
obstructive pulmonary disease did not

acutely affect forced expiratory volume in 1
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second or rate of hospitalization, but may
reduce the rate of readmission, a small trial
was conducted to assess the efficacy of oral
corticosteroids in the outpatient treatment
of acute exacerbation of chronic obstructive
pulmonary disease. Patients experiencing
acute exacerbations of chronic obstructive
pulmonary disease were randomized to
receive either a 9-day course of oral pred-
nisone (n=13) in a tapering dose or match-
ing placebo (n=14). All patients were
instructed to increase the dose and frequen-
cy of their inhaled B-agonist. Any patients
taking ipratropium, inhaled corticosteroids
and/or theophylline preceding study enroll-
ment were allowed to continue the use of
these medications. Antibiotics were pre-
scribed to patients with evidence of infec-
tive bronchitis. All patients were examined
on study days 3 and 10 as well as at all
unscheduled hospital visits during the
study period. Measured end points includ-
ed airflow obstruction (as measured by
spirometry), gas exchange, dyspnea and

treatment failure.

(11
Short courses (2wks or less) of

systemic corticosteroids are effec-
tive in improving lung function
and reducing morbidity associat-
ed with COPD exacerbations in

patients with moderate to severe

I coep ” L

13
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Significant increases in forced expiratory
volume in 1 second were observed at both
day 3 and 10 in patients receiving pred-
nisone in comparison to placebo (184 mL
versus —14 mL [P=0.05] and 383 mL versus
9 mL [P=0.01], respectively). In addition to
significantly improving the rate of airflow
recovery, prednisone treatment significantly
improved gas exchange (as measured by
partial pressure of oxygen arterial blood
[PaO2]) at both days 3 and 10 in compari-
son with placebo. There was, however, no
difference in PaCO2 response between the
prednisone-treated group and placebo.
Although there was a trend toward more
rapid improvement with prednisone, the
degree of dyspnoea did not differ signifi-
cantly between the prednisone-treated
group and placebo. The rate of treatment
failure in the placebo group was 57% (n=8)
versus 0 in the prednisone group. [7, Rank
5]

In a prospective double-blind study
designed to determine if the administration
of systemic corticosteroids hastened
recovery, patients hospitalized for acute
exacerbations of chronic obstructive pul-
monary disease were randomized to receive
either 30 mg oral prednisolone once daily
(n=29) or matching placebo (n=27) for 14
days. All patients received standard treat-

ment with controlled oxygen, nebulized

short-acting -agonist (salbutamol) and an
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anticholinergic (ipratropium) every 6 hours
and antibiotics as per the admitting physi-
cian’s discretion. Any patient receiving an
inhaled corticosteroid at the time of study
enrollment was allowed to continue this
therapy. Patients were followed until hospi-
tal discharge and then re-examined 6 weeks
after admission. Spirometry, health status
and length of hospital stay were assessed.
At discharge, post bronchodilator
percentage predicted forced expiratory
volume in 1 second in patients receiving
prednisolone had increased significantly in
comparison to placebo (47% increase
versus 25% increase, respectively; P<0.05).
Until day 5, post bronchodilator forced
expiratory volume in 1 second of the corti-
costeroid treated group increased at a
significantly accelerated rate compared to
placebo (90 mL per day [50.8-129.2]
versus 30 mL per day [10.4-49.6],
P=0.048). had
improved significantly in both groups by

Health-status  scores
hospital discharge. Patients receiving pred-
nisolone had a significantly shorter median
length of hospitalization when compared to
placebo (7 days versus 9 days, respectively;
P=0.027). At 6 weeks, there was no signifi-
cant difference in percentage predicted post
bronchodilator forced expiratory volume in
1 second or health status in either the corti-
costeroid-treatment group or placebo in

comparison to discharge. In addition, there

14
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was no difference in exacerbation rate or
rate of hospital admission between the two
groups observed at 6 weeks. [8, Rank 2]

A large multicenter trial was con-
ducted to further evaluate the efficacy of
systemic corticosteroids for acute exacerba-
tions of chronic obstructive pulmonary
disease. Within 12 hours of hospital admis-
sion, patients were randomized to receive
one of three treatments: an 8-week course
(n=80) of systemic glucocorticoids (intrave-
nous methylprednisolone for 72 hours,
followed by once-daily oral prednisone
taper over the next 57 days), a 2-week
course (n=80) of systemic glucocorticoids
(intravenous methylprednisolone for 72
hours, followed by once-daily oral pred-
nisone taper over the next 12 days, then
placebo for the next 45 days), or placebo
(n=111). All patients received a broad-spec-
trum antibiotic for 7 days. In addition, all
patients were required to use an inhaled
B-agonist, inhaled ipratropium bromide
and starting on day 4, inhaled triamci-
nolone acetonide at standardized doses for
6 months. The use of high-dose inhaled
corticosteroids (other than triamcinolone as
part of study protocol), theophylline, or
additional open-label systemic corticoster-
oids was not allowed. Patients were evaluat-
ed on each of the first 3 days of hospitaliza-

tion, and at 2 weeks, 8 weeks and 6

months. The primary end point was a
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composite of treatment failure, comprised
of death from any cause or the need for
invasive mechanical ventilation, readmis-
sion for exacerbation of chronic obstructive
pulmonary disease, or intensification of
pharmacologic therapy. Secondary end
points included change in forced expiratory
volume in 1 second and length of hospital
stay.

Because there were no differences in
outcomes observed between the 8-week
and 2-week treatment groups, they were
considered equivalent and combined for
further analysis. Systemic corticosteroids
significantly reduced the rate of first treat-
ment failure compared to placebo at 30
days (23% versus 33%, P=0.04). There was
not a significant difference between corti-
costeroid treatment and placebo at 6
months. Forced expiratory volume in 1
second improved significantly faster in
patients receiving systemic corticosteroids
than those receiving placebo. The maxi-
mum difference in forced expiratory
volume in 1 second (approximately 100
mL) was observed by the end of day 1 and
maintained until day 3. However, a signifi-
cant difference was not seen between the
active-treatment and placebo groups by the
end of 2 weeks. Patients receiving systemic
corticosteroids experienced a significantly
shorter length of hospital stay in compari-

son to placebo (8.5 wversus 9.7 days,

15
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P=0.03). All-cause mortality and chronic
obstructive pulmonary disease related mor-
tality were similar between the treatment
and placebo groups at 6 months. Subgroup
analysis revealed that the administration of
systemic corticosteroids was associated with
more favourable outcomes in patients pre-
viously hospitalized for exacerbation of
chronic obstructive pulmonary disease. In
these patients, the failure rate at 6 months
was 49.5% for patients treated with gluco-
corticoids and 66.7% for those receiving
placebo (P=0.01). [9, Rank 5]

Hyperglycemia requiring treatment
occurred in a greater proportion of
patients treated with systemic corticoster-
oids in comparison to placebo (15% versus
4%, P=0.002). However, when compared
to the placebo group, significantly more
patients in the corticosteroid treatment
group had a diagnosis of diabetes mellitus
and 16 of the 24 instances of hyperglycemia
in the corticosteroid treatment group
occurred in known diabetics. The rate of
secondary infections did not differ signifi-
cantly among the three groups, but the
highest percentage of patients with a serious
infection occurred in the 8-week corticos-
teroid group (13.8%) in comparison to the
2-week corticosteroid group (1.2%) and
placebo (3.6%).

Following the results of two rand-
clinical ~trials that

suggested

omized
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systemic corticosteroids prevent treatment
failure and reduce the length of hospital
stay in acute exacerbations of chronic
obstructive pulmonary disease, a study
designed to assess the effect of systemic cor-
ticosteroid administration on relapse rates,
lung function and health-related quality of
life following discharge from the emergency
department was carried out. Prior to
discharge from the emergency department,
patients presenting with an acute exacerba-
tions of chronic obstructive pulmonary
disease were randomized to receive either
oral prednisone once daily for 10 days
(n=74) or matching placebo (n=73). After
being counselled on proper inhaler tech-
nique, all patients received a standardized
regimen of an inhaled B-agonist (albuterol)
and an inhaled anticholinergic (ipratropi-
um) via a metered-dose inhaler with a valve
holding chamber for 30 days. In addition,
all patients completed a 10-day course of
oral broad-spectrum antibiotics. Patients
were allowed to continue all medications
they were taking prior to study enrollment,
including inhaled corticosteroids. Patients
were assessed 3, 10, and 30 days after rand-
omization. The primary study outcome was
treatment failure, as defined by an unsched-
uled health care visit or return to the emer-
gency room secondary to worsening dysp-
noea within 30 days of randomization. Sec-

ondary outcomes included change from

16
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day 1 to day 10 in post bronchodilator
forced expiratory volume in 1 second,
severity of dyspnoea, and chronic obstruc-
tive pulmonary disease specific quality of
life. [10, Rank 1]

In comparison to placebo, oral pred-
nisone significantly reduced the rate of
relapse at 30 days (27% versus 43%,
P=0.05). The relative risk of relapse with
prednisone treatment at 30 days was 0.63
(95% confidence interval [CI] 0.40-1.01).
Prednisone significantly prolonged the time
to relapse compared with placebo (hazard
[HR] 0.56, 95% CI 0.32-0.99;
P=0.04). Although treatment with pred-

ratio

nisone did not induce a significant
improvement in the total quality-of-life
score compared to placebo, the administra-
tion of prednisone was associated with a
significant improvement in dyspnoea.
Patients receiving prednisone had signifi-
cant improvement in lung function at day
10 when compared to placebo (mean
forced expiratory volume in 1 second
increase of 34% in prednisone-treated
group versus 15% in placebo group,
P=0.007). There was no significant differ-
ence in hospitalization rates between the
two groups (21% of patients in the placebo
group required hospitalization for chronic
obstructive pulmonary disease within 30
days compared to 11% in the prednisone
group).

Significantly ~more  patients

Systemic vs. Inhaled Steroids - Efficacy and Side Effect Profile

receiving prednisone reported insomnia,
increased appetite, and weight gain in com-
parison to placebo (P<0.01). A subgroup
analysis revealed that patients taking
inhaled corticosteroids were more likely to
respond to systemic corticosteroid therapy
(relative risk of 30-day relapse 0.44, 95%
CI 0.22-0.80).

A systematic review of eleven studies
(n=1,081), including each of the above
mentioned studies, found that systemic
corticosteroids significantly reduced the
risk of treatment failure (odds ratio [OR]
0.48, 95% CI, 0.34-0.68) and relapse (HR
0.78, 95% CI 0.63-0.97) within 30 days in
acute exacerbations of chronic obstructive
pulmonary disease. In addition, treatment
with systemic corticosteroids in acute exac-
erbations of chronic obstructive pulmonary
disease hastened recovery (significantly
increased FEV1 by a mean of 140 mL [95%
CI 90-190 mL] at 72 hours in comparison
to placebo), thereby decreasing length of
hospital stay (-1.22 days, 95% CI -2.26 to
~0.18). Systemic corticosteroids did not
significantly affect mortality, but did
increase the likelihood of adverse events
(OR 2.33, 95% CI 1.60-3.40). 'This
systematic review concluded that evidence
supported the early administration of
systemic corticosteroids in the treatment of
acute exacerbations of chronic obstructive

pulmonary disease, but because of the
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“Steroids can raise blood sugar
levels by reducing the action of
insulin, causing insulin resistance
and making the liver release
stored glucose into the blood

stream

Normally only a short term course
of steroid will be advised to
reduce the inflammations in the
airway, as long term use of steroid
tablets can cause troublesome

side effects

considerable heterogeneity of the included
studies, could not offer a recommendation

regarding optimal duration, dose or route.

[11, Rank 3]

Efficacy of Inhaled

Corticosteroids

Although low-dose oral corticoster-
oids are recommended for acute exacerba-
tions of chronic obstructive pulmonary
disease, systemic exposure predisposes
patients to a significant adverse-effect pro-
file. Adverse effects, such as hyperglycemia,
myopathy, osteoporosis, thinning of the
skin and posterior subscapular cataract for-
mation, more than any other factor, are
most influenced by cumulative steroid dose.

Those with frequent exacerbations are of

Systemic vs. Inhaled Steroids - Efficacy and Side Effect Profile

particular concern, as they receive multiple
courses of corticosteroid treatment and
often higher-dose regimens to control acute
exacerbations.

As an alternative to systemic steroids,
nebulized corticosteroids have minimal bio-
availability, negligible systemic absorption,
and minimal systemic adverse effects. In
addition, inhaled corticosteroids have a
high level of anti-inflammatory activity at
the local level. Currently, GOLD guidelines
(as shown in figure 7) offer nebulized
budesonide as an alternative to oral corti-
costeroids for the treatment of exacerba-
tions. [12, Rank 5]

In a double-blind, randomized, pla-
cebo-controlled trial, they compared nebu-
lized budesonide, oral prednisolone and
placebo in 199 patients requiring hospital
admission for acute exacerbations of chron-
ic obstructive pulmonary disease. Patients
were randomized to one of three treatment
groups: group 1 nebulized budesonide 2 mg
every 6 hours for 72 hours (plus placebo
tablets), then inhaled budesonide 2 mg for
7 days, group 2 prednisolone 30 mg by
mouth every 12 hours (plus placebo
nebulization), then prednisolone 30 mg by
mouth daily for 7 days, or group 3 placebo
group (placebo tablets + placebo nebuliza-
tion). All patients were administered terbu-

taline or salbutamol/ipratropium nebulizer
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COPD Maintenance Treatment by Airflow Limitation/Risk
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Figure 7 GOLD therapy at each stage of COPD

treatment after receiving one of the three
study drugs, as well as antibiotics and sup-
plemental oxygen.

The primary end point was change in

forced

volume in 1 second at 72 hours. Clinical

post  bronchodilator expiratory
success was predefined as an increase in
forced expiratory volume in 1 second of at
least 0.15 L and a reduction of PaCO2 of at
least 5 mmHg. The mean change in post
bronchodilator forced expiratory volume in
1 second (95% CI) at 72 hours was greater
with active treatments than with placebo:
0.10 L
(0.02-0.18 L); prednisolone versus placebo,

0.16 L (0.08-0.24 L). The difference in

budesonide versus

placebo,

forced expiratory volume in 1 second
between budesonide and prednisolone was
not significant, at -0.06 L (-0.14 to 0.02
L). Rates of adverse events were similar in
all three groups. As expected, a greater per-
centage of patients developed hyperglyce-
mia in the prednisone group (n=7) versus
budesonide (n=1). In summary, nebulized
improved

budesonide and prednisone

airflow limitation versus placebo. [13, Rank
4]

Researchers also evaluated nebulized
budesonide as an alternative to systemic
corticosteroids. In this prospective study,
patients were also randomized into three
received  standard

groups: group 1

19



waf.[d“@ Systemic vs. Inhaled Steroids - Efficacy and Side Effect Profile

INITIAL PHARMACOLOGICAL TREATMENT
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(11
Inhaled corticosteroids are a
mainstay of COPD treatment for
patients with history of exacerba-

tions

Inhaled corticosteroids decrease

the rate of exacerbations and may

improve response to bronchodila-

tors and decrease dyspnoea in

stable cOPD

bronchodilator therapy (as shown in figure
8). group 2 received 40 mg of prednisolone
plus standard bronchodilator therapy and
group 3 received 1,500 pg of nebulized
budesonide plus standard bronchodilator
therapy. Improvement during 10-day hospi-
talization was compared with exacerbation

and hospitalization rates post discharge.
Similar to the previous study, the
recovery rate in terms of both spirometry
and arterial blood-gas results did not differ
between the nebulized budesonide and
systemic prednisone group. However,
patients in the systemic prednisolone group
did experience a significant upward trend in
blood glucose. Although GOLD guidelines
now list nebulized budesonide as an alterna-
tive yet expensive option to oral corticoster-
oids, larger studies are needed to confirm
the long-term impact of clinical outcomes

of nebulized corticosteroids for acute exac-

erbations of chronic obstructive pulmonary
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disease, as well as to differentiate nebulized

steroid choice and optimal dosage. [14,

Rank 5]

Variable Responsiveness

of Corticosteroids

Despite large prospective trials show-
ing modest benefits for the use of corticos-
teroids in chronic obstructive pulmonary
disease, there seems to be a great deal of
patient-to-patient variability regarding efh-
cacy. Pharmacogenetics provides a potential
rationale for this variability. Researchers
identified a single gene that had several
single nucleotide polymorphisms in adult
and paediatric patients with asthma that
correlated well with response to inhaled cor-
ticosteroids. More recently, a study showed
a decreased concentration of histone
deacetylases in peripheral lung tissue from
patients with chronic obstructive pulmo-
nary disease. The concentration of histone
deacetylases correlated with the severity of
chronic obstructive pulmonary disease. His-
tone deacetylases suppresses inflammatory
gene expression, thus giving rise to more
robust inflammatory responses and may be
central to the pathogenesis of chronic
obstructive pulmonary disease. Histone
-2,

deacetylases isoenzymes located within the

deacetylases one of 11 histone

cell nucleus, is vital to the ability of
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corticosteroids to turn off inflammatory
genes. Lung concentrations of histone
deacetylases -2, or perhaps polymorphisms
of the genes, may confer varying degrees of
steroid resistance to patients with chronic
obstructive pulmonary disease. [15, Rank

3]

Systemic Corticosteroids

Stable COPD

As the pathogenesis of chronic
obstructive pulmonary disease has become
better understood, it has become clear that
systemic inflammation may be responsible
for many of the symptoms and the reduc-
tion in quality of life (QOL). It therefore
seems reasonable that the chronic use of
systemic corticosteroids (as shown in figure
9) to reduce inflammation may be benefi-
cial in chronic obstructive pulmonary
disease. However, no study has shown a
significant long-term benefit of systemic
corticosteroids in stable chronic obstructive
pulmonary disease. In fact, there is a
suggestion that the use of systemic steroids
in patients over the age of 65 with stable
chronic obstructive pulmonary disease may
increase mortality. Additionally, chronic use
of systemic corticosteroids is associated
with  significant

toxicity,  including
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HYDROCORTISONE

CORTISONE

PREDNISOLONE

PREDNISONE

TRIAMCINOLONE

DEXAMETHASONE

BETAMETHASONE

Figure 9: Examples of systemic corticosteroids

hyperglycemia, myopathy, hypertension
and osteoporosis. Systemic steroids may be
safely weaned from chronic users with
chronic obstructive pulmonary disease
without adversely affecting lung function,
dyspnoea and exacerbation rate. The most
notable physiological change in patients

weaned from corticosteroids was a signifi-

cant loss of weight. [16, Rank 5]
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Exacerbations of COPD

Systemic corticosteroids have been
shown to improve pulmonary function,
shorten hospitalizations, improve dyspnea
and decrease relapse rate in the treatment of
exacerbations. 'Three prospective, rand-
omized controlled trials have looked at the
use of systemic steroids in the treatment of
in patients with chronic obstructive pulmo-
nary disease exacerbations. A study ran-
domly assigned patients admitted for
chronic obstructive pulmonary disease
exacerbations to 0.5 mg/kg of intravenous
methylprednisolone every 6 hours for 72
hours or to placebo. There was a significant
improvement in pre and post bronchodila-
tor forced expiratory volume in 1 second in
those treated with methylprednisolone. In
another large trial comparing placebo with
2 and 8 weeks of systemic corticosteroids,
the rate of treatment failure (defined as
death from any cause, need for intubation
and mechanical ventilation, readmission to
the hospital for chronic obstructive pulmo-
nary disease, or intensification of drug ther-
apy) was found to be significantly higher in
the placebo group at 30 and 90 days. Addi-
tionally, patients in the corticosteroid arms
showed improvements in forced expiratory
volume in 1 second for the first 3 days and

had shorter lengths of stay. There were no
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significant differences between 2 and 8
weeks of corticosteroids. Patients in the
steroid groups had an increased incidence of

hyperglycemia compared with those in the

placebo group. [17, Rank 4]

Inhaled Corticosteroids

\ BLECOMETHASONE

BUDESONIDE

FLUNISOLIDE

FLUTICASONE
PROPIONATE

MOMETASONE

TRIAMCINOLONE
ACETONIDE

Figure 10: Examples of inhaled corticosteroids
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LOCAL SYSTEMIC
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Figure 11: Side effects if ICS

Regular treatment with inhaled glu-
corticosteroids (as shown in figure 10) does
not modify the long term decline of forced
expiratory volume in 1 second in patients
with  chronic  obstructive  pulmonary
disease. However regular treatment with
inhaled glucocorticosteroids is appropriate
for symptomatic chronic obstructive pul-
monary disease patients with an forced
expiratory volume in 1 second <50 %
(Stage 111, Stage IV) and repeated exacerba-
tions. This treatment has been shown to
reduce the frequency of exacerbations and
thus improve health status and withdrawal
from treatment with inhaled glucocorticos-
teroids can lead to exacerbations in some
patients. The possibility of side effects
increases as the dose of the medicine
increases. Side effects are less likely to occur
when you use the inhaled form of the medi-

cine (as shown in figure 11).
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Inhaled corticosteroids are usually
delivered usually using a metered dose
inhaler (MDI) but are also often available
for dry powder inhalers (DPI).

Stable COPD

The use of inhaled corticosteroids in
the treatment of stable chronic obstructive
pulmonary disease has been in clinical prac-
tice for decades; however, the precise role of
inhaled corticosteroids remains controver-
sial. There have been many prospective, pla-
cebo-controlled trials examining the benefit
of inhaled corticosteroids in stable chronic
obstructive pulmonary disease. Two large
early trials examining the benefits of inhaled
budesonide in patients with mild airflow
obstruction had similar results. A meta
analysis conducted a 3-year study of 1,277
smokers with mild chronic obstructive pul-
monary disease who were given inhaled
budesonide or placebo. Although there was
no slowing in the rate of decline in lung
function over the study period, there was an
initial significant improvement in forced
expiratory volume in 1 second and a slow-
ing of the progression of disease over the
initial 6 months of the study when com-
pared with placebo. In a similar study,
researchers prospectively followed 290

patients with mild to moderate chronic
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obstructive pulmonary disease and found
no change in the rate of decline of forced
expiratory volume in 1 second. There was
no decrease in the rate of exacerbation with
inhaled corticosteroids in this patient popu-
lation. The Lung Health Study in many
ways mirrored the findings previously
reported on the absence of benefit of
inhaled corticosteroids on decline in lung
function; however, there were positive sec-
ondary benefits, including improved symp-
toms, decreased physician visits and less
airway hyper reactivity. [18, Rank 5]
Evidence supporting the use of
inhaled corticosteroids in patients with
chronic  obstructive

severe pulmonary

disease has been provided by the ISOLDE
(Inhaled Steroids in Obstructive Lung Dis-
ease in Europe) trial in which 751 patients
with chronic obstructive pulmonary disease
were randomized to receive inhaled flutica-
sone twice daily or placebo over a 3-year
period. Although there was no difference
between groups in the rate of decline in
lung function, the group treated with

inhaled

reductions in

corticosteroids had  significant

rate of exacerbation,
improved response to bronchodilator thera-
py and improved quality of life as measured
by the St. George's Respiratory Question-
naire. The Inhaled Steroids in Obstructive

Lung Disease in Europe trial did not
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examine treatment effect by severity of
disease. In a follow-up to the Inhaled Ster-
oids in Obstructive Lung Disease in Europe
trial, Jones and colleagues looked at the effi-
cacy of inhaled fluticasone in reducing the
rate of exacerbations in patients with mod-
erate/ severe versus mild chronic obstructive
pulmonary disease as determined by an
forced expiratory volume in 1 second of less
than 50% predicted or above 50% predict-
ed, respectively. Improvements in the rate of
exacerbation were limited to patients with
severe disease; however, when patients who
had at least one exacerbation were exam-
ined, both the mild and severe groups
showed decreased rates of exacerbation with
the addition of inhaled corticosteroids.
Further support for the role of inhaled cor-
ticosteroids in chronic obstructive pulmo-
nary disease comes from the COPE study in
which patients were treated with high-dose

The

inhaled corticosteroids were discontinued

inhaled fluticasone for 4 months.

in half of the patients, who then received
placebo. Patients discontinuing fluticasone
had increased rates of exacerbation and
worse quality of life as measured by the St.
George's Respiratory Questionnaire. [19,
Rank 3]

With the recent availability of com-
bined long-acting B-agonists (LABAs) and

inhaled corticosteroids, there have been a
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number of trials examining their eflicacy in
chronic obstructive pulmonary disease. Two
similar 24-week trials of combined flutica-
sone and salmeterol have shown improved
lung function and measures of dyspnea
when compared with placebo or either indi-
vidual component, which were sustained

the
study,

throughout study period. In a

12-month researchers  evaluated
1,465 patients with moderate to severe
chronic obstructive pulmonary disease and
examined the effect of combined flutica-
sone and salmeterol on lung function over 1
year. Pre-treatment forced expiratory
volume in 1 second improved significantly
when compared with placebo or with
inhaled cortiosteroids or long-acting [3-ago-
nists given alone. Combined treatment
improved quality of life and decreased the
rate of exacerbation, particularly in patients
with a forced expiratory volume in 1 second
of less than 50% predicted. Patients with
severe chronic obstructive pulmonary
disease may show particular benefit to com-
bined inhaled corticosteroids and long-act-
ing [-agonists as when compared with
because

long-acting  [3-agonists alone

patients with an forced expiratory volume
in 1 second of less than 50% predicted had
a 35% reduction in moderate and severe
chronic obstructive pulmonary disease

exacerbations over a 44-week study period.
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A Cochrane review of prospective, rand-
omized controlled trials examining the role
of combined long-acting B-agonists and
inhaled corticosteroids revealed an overall
improvement in pre-dose forced expiratory
volume in 1 second in patients receiving
both long-acting B-agonists and inhaled
corticosteroids compared with placebo or
with long-acting B-agonists or inhaled cor-
ticosteroids alone. No differences in rates of
exacerbation were observed with combined
long-acting 3-agonists and inhaled corticos-
teroids compared with inhaled corticoster-
oids alone. There were conflicting results
regarding quality of life measures, although
fluticasone/ salmeterol and budesonide/
formoterol were superior to placebo. [20,
Rank 4]

Until recently, no large, prospective,
controlled trials had shown that use of
inhaled or systemic corticosteroids altered
the natural history of chronic obstructive
pulmonary disease or affected survival. Sev-
eral recent observational studies have pro-
vided conflicting results with regards to sur-
vival. The TORCH (Towards a Revolution
in Chronic obstructive pulmonary disease
Health) trial randomized approximately
6,000 patients with chronic obstructive
pulmonary disease to combined flutica-
sone/ salmeterol, fluticasone alone, salmet-

erol alone, or placebo and treated them for

26



\(_\ WOV'/&Z ®

a 3-year period. The primary endpoint was
death from any cause. There was a 17.5%
risk reduction for death in the combined
group compared with placebo, which nearly
(P = 0.052) met statistical significance. In
addition to a reduction in all-cause mortali-
ty, there were statistically significant
improvements in yearly exacerbation rate (P
< 0.001) and pulmonary function in the
combined group (62-ml decrement over 3
yr in placebo group vs. 29-ml increase in
the combined group; P < 0.001). There was
a significant increase in the rate of pneumo-
nia in the two corticosteroid arms when
compared with placebo (19.6 and 18.3%
vs. 12.3%, respectively; P < 0.001). This
increase in pneumonia rate did not translate
into increased mortality. Another recent
study followed 449 patients with moderate
to severe chronic obstructive pulmonary
disease were randomized to 1 year of

inhaled

salmeterol, or tiotropium plus salmeterol

tiotropium,  tiotropium  plus
and fluticasone. There were no statistically
significant differences in the three groups
regarding having at least one exacerbation
during a year, but the fluticasone-contain-
ing arm did show improvements in lung
function (P = 0.04), QOL (P = 0.01) and a
reduction in hospitalizations for chronic

obstructive pulmonary disease exacerba-

tions (P < 0.01). In contrast to the TORCH
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Corticosteroids and (32
—__ agonist combination _—

Fluticasone +Salmetrol

Budesonide + Formoterol

Figure 12: Corticosteroids and 3-agonists
combination drugs
trial, no increase in rate of pneumonia was
observed for the corticosteroid-containing
arm; in fact, the percentage of patients
reporting pneumonia over the course of the
1-year study was only 0.7%.

Although the clinical observation
that an additive benefit of inhaled corticos-
teroids and long-acting B-agonists (as
shown in figure 12) for patients with chron-
ic obstructive pulmonary disease exists, the
mechanism of this finding is less clear.
Some have proposed that the addition of
long-acting B-agonists to inhaled corticos-
teroids promotes bronchodilation and thus
improved delivery of drug to distal airways.
On a molecular level, steroids may have a
beneficial effect on [32-adrenoceptors,
including receptor up-regulation and a
reduction in tachyphylaxis, thus maximiz-
ing the effect of B-agonists. Alternatively,
B-agonists have been shown to augment

glucocorticoid receptor function. [21, Rank

3]
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Exacerbations of COPD

The possibility of using inhaled corti-
costeroids rather than systemic corticoster-
oids for acute exacerbations of chronic
obstructive pulmonary disease is theoreti-
cally attractive because patients may be
spared the toxicity associated with systemic
corticosteroids. Studies reported successful
use of nebulized budesonide in treating
acute exacerbations of chronic obstructive
pulmonary disease. Patients were rand-
omized to 2 mg nebulized budesonide every
6 hours, 30 mg of prednisolone every 12
hours, or placebo for 72 hours. The budeso-
nide and prednisolone groups had statisti-
cally significant improvements in post
bronchodilator forced expiratory volume in
1 second when compared with the placebo
group,
between the budesonide and prednisolone

but no differences were noted

groups. A significantly increased number of
patients in the prednisolone groups became

hyperglycemic. [22, Rank 2]

Duration of Therapy

Following clinical trials documenting
the efficacy of systemic corticosteroids in
the treatment of acute exacerbations of
chronic obstructive pulmonary disease,

studies were conducted in an attempt to
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(1
People wusing fluticasone com-

bined with (3 agonists were more

likely to develop pneumonia. 7

establish the optimal treatment duration. A
parallel-group, single-blind, single-centre
study compared the efficacy of different
durations of corticosteroid therapy in
improving airflow obstruction and gas
exchange, relieving symptoms and prevent-
ing recurrence in patients with acute exacer-
bations of chronic obstructive pulmonary
disease (n=36). Patients with severe chronic
obstructive pulmonary disease were rand-
omized to receive intravenous methylpred-
nisolone for 3 days or tapered over 10 days.
All patients were hospitalized for at least 10
days and received a high-dose inhaled B-ag-
onist, ipratropium, theophylline, and hista-
mine H2-receptor antagonists. Antibiotics
were administered if indicated. Primary
outcomes were post bronchodilator forced
expiratory volume in 1 second and PaO2
levels on days 3 and 10. Secondary out-
comes included symptoms related to exac-
erbation of chronic obstructive pulmonary
disease (eg, dyspnea, cough), recurrence of
exacerbation within 6 months of study
enrolment and treatment-related adverse

events.
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While forced expiratory volume in 1
second in both treatment groups increased
significantly from baseline, the increase in
forced expiratory volume in 1 second in the
10-day treatment group was significantly
higher than the increase in the 3-day treat-
ment group (236 mL versus 68 mlL,
P=0.019). Compared to baseline, there was
significant symptom-score improvement in
both the 3-day and 10-day treatment
groups. Symptoms related to exacerbation
of chronic obstructive pulmonary disease
were significantly better in the 10-day treat-
ment group compared to the 3-day treat-
ment group (P=0.009). There was no
observed difference in the rate of recurrence
between the treatment groups at 6 months
(35% in 3-day treatment group versus 29%
in 10-day treatment group). There was no
significant difference in the rate of hyperg-

the

groups. However, one patient in the 10-day

lycaemia between two  treatment
treatment group developed steroid-associat-
ed psychosis.

A systematic review comprised of two
published studies (including the aforemen-
tioned trial) and two published abstracts
(n=146) inconclusively found no significant
difference in the risk of treatment failure
between a short duration (7 days or less)
and longer duration (greater than 7 days) of

corticosteroid therapy in the treatment of
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acute exacerbation of chronic obstructive
pulmonary disease (OR 0.82, 95% CI
0.24-2.79). In addition, the mean differ-
ences in forced expiratory volume in 1
second did not differ significantly by treat-
ment duration, nor did the likelihood of an
adverse event. [23, Rank 3]

Considering data that suggested a
short course of systemic corticosteroids was
not associated with worse outcomes in com-
parison to longer treatment courses in the
treatment of acute exacerbations of chronic
obstructive pulmonary disease, a non inferi-
ority trial was conducted to evaluate the
efficacy of a reduced duration of systemic
corticosteroid therapy in comparison to
conventional systemic corticosteroid treat-
ment. All patients presenting with acute
exacerbations of chronic obstructive pul-
monary disease were given a one-time dose
of intravenous methylprednisolone on day
1 and then randomized to receive oral pred-
nisone once daily to complete a total of
either 5 days (n=155) or 14 (n=156) days of
systemic corticosteroid therapy. In addition
to systemic corticosteroids, all patients
received an inhaled B2-agonist twice daily,
tiotropium once daily and inhaled gluco-
corticoids twice daily throughout the study.
All patients received a broad-spectrum anti-
biotic for 7 days and as-needed nebulized
while

short-acting bronchodilators
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hospitalized. Patients were assessed daily
while hospitalized and on days 6, 15, 30, 90
and 180 following hospital discharge. The
primary end point was time to next chronic
obstructive pulmonary disease exacerbation
during a follow-up of 6 months. Secondary
end points included all-cause mortality,
change in forced expiratory volume in 1
second, cumulative corticosteroid dose and
clinical performance. Duration of hospital
stay and corticosteroid-related adverse
effects were also assessed. Non inferiority
was defined a priori as an HR of less than
1.515.

The majority of study participants
were classified as GOLD chronic obstruc-
tive pulmonary disease grade 4 (52.1%);
mean baseline forced expiratory volume in
1 second was 31.5% predicted. Time to
exacerbation did not differ significantly
between a 5-day course of systemic corticos-
teroids and a 14-day course. A total of 56
patients (35.9%) experienced acute exacer-
bations of chronic obstructive pulmonary
disease within 6 months of hospital
discharge in the short-term group com-
pared to 57 patients (36.8%) in the conven-
tional treatment group (HR 0.95 per
intent-to-treat analysis, 90% CI 0.7-1.29;
P=0.006). Among patients who experi-
enced re-exacerbation of chronic obstruc-

tive pulmonary disease during follow-up,
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the median time to event was 43.5 days in
the short-term group and 29 days in the
conventional treatment group. [24, Rank 2]

Overall did not differ
between the two treatment groups, nor did

survival

the need for mechanical ventilation during
hospitalization. Alleviation of dyspnoea and
improvement of bronchitis-associated qual-
ity of life and patient-assessed overall per-
formance occurred over the first 5 days of
treatment and did not vary significantly
between the two groups. Patients rand-
omized to receive short-term systemic corti-
costeroid treatment had a significantly
shorter duration of hospital stay (median
duration of hospital stay of 8 days, 95% CI
7-9 days) compared to patients receiving
conventional systemic corticosteroid treat-
ment (median duration of hospital stay of 9
days, 95% CI 8-10 days; P=0.04). Forced
expiratory volume in 1 second improved
significantly from baseline to day 6 and
remained stable thereafter in both groups.
Although patients receiving conventional
therapy were exposed to significantly higher
cumulative doses of systemic corticosteroids
(median cumulative prednisone dose of 379
mg versus 560 mg in the short-term therapy
and conventional therapy groups, respec-
tively; P<0.001), a detectable difference in
corticosteroid-related ~ adverse  events
between the two groups was not reported.

New or worsening hyperglycemia was
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observed in 74 patients (56.9%) in the
short-term and 74 patients (57.4%) in the
conventional treatment group (P>0.99);
hypertension developed or worsened in 15
patients (11.6%) in the short-term and 23

patients (17.8%) in the conventional treat-

ment group (P=0.22). [25, Rank 5]

Route of Administration

Intravenous vs.
Oral Administration

Current guidelines for the manage-
ment of chronic obstructive pulmonary
disease recommend low-dose oral corticos-
teroids for the treatment of exacerbations.

Oral
bioavailability (generally >85%), greater

corticosteroids  have very good
ease of administration, and lower costs. De-
spite evidence of the efhcacy of oral
corticosteroids compared to placebo and
guideline recommendations, intravenous
corticosteroids are still routinely used for
the treatment of acute exacerbations of
chronic obstructive pulmonary disease.
Studies comparing intravenous to oral cor-
ticosteroids in the asthma population also
support the use of oral steroids. To date,
only two studies have directly compared
intravenous and oral regimens for the treat-

ment of acute exacerbation of chronic

obstructive pulmonary disease.

Systemic vs. Inhaled Steroids - Efficacy and Side Effect Profile

The first was a single-centre, dou-
ble-blind, double-dummy trial that rand-
omized 435 patients hospitalized for acute
exacerbations of chronic obstructive pul-
monary disease to equivalent doses of intra-
venous or oral prednisolone (60 mg) once
daily for 5 days. After day 5, all patients
were prescribed an oral tapering schedule
beginning with prednisolone 30 mg daily.
Patients were all older than 40 years of age
with at least a 10 pack-year smoking history
and evidence of airflow limitation. Those
experiencing very exacerbations
(arterial pH <7.26 or PaCO2 >9.3 kPa) or

with unstable co-morbidities were exclud-

severe

ed. The primary outcome was treatment
failure: a composite end point of all-cause
mortality, intensive care unit admission,
readmission due to chronic obstructive pul-
monary disease or intensification of treat-
ment. The proportion of patients experienc-
ing treatment failure in the intravenous
group was 61.7% compared to 56.3% in
the group receiving oral prednisolone, and
was non inferior to intravenous predniso-
lone therapy. Secondary outcomes of forced
expiratory volume in 1 second, quali-
ty-of-life scores and length of hospital stay
were comparable between the two groups.
The use of equipotent doses of intravenous
and oral corticosteroids provides data to

support the use of the oral route for the
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treatment of chronic obstructive pulmo-
nary disease exacerbations, when feasible.
This finding is further supported by several
studies in patients with asthma reporting no
benefit with intravenous corticosteroids
compared to oral corticosteroids. The trial
did not answer whether high-dose intrave-
nous corticosteroids are more efficacious
than low-dose oral corticosteroids, nor can
these findings be applied to patients experi-
encing very severe exacerbations, as they
were excluded from this trial. [26, Rank 2]
A large observational study utilizing
claims data from 414 US hospitals evaluat-
ed the effects of high-dose intravenous cor-
ticosteroids versus low-dose oral corticoster-
oids in 79,985 patients hospitalized for
acute exacerbations of chronic obstructive
pulmonary disease. Patients were identified
for inclusion by International Classification
of Diseases, ninth revision, clinical modifi-
cation codes representative of acute exacer-
bations of chronic obstructive pulmonary
disease, and received either low-dose oral
corticosteroids (20-80 mg of prednisone
equivalents daily) or high-dose intravenous
corticosteroids (120—180 mg of prednisone
equivalents daily) as initial therapy (hospital
days 1-2). Key exclusion criteria included
initial admission to the intensive care unit,
diagnosis of pneumonia or pulmonary em-

bolism, hospitalization less than 2 days and
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transfer from other acute care facilities. The
primary outcome was a composite end
point of treatment failure, including me-
chanical ventilation after day 2, inpatient
mortality or readmission within 30 days for
acute exacerbations of chronic obstructive
pulmonary disease. Ninety-two percent of
patients (73,765) were initially treated with
high-dose
whereas only 8% (6,220) were treated with

intravenous  corticosteroids,
low-dose oral corticosteroids. Median total
corticosteroid doses for the first 2 days of
hospitalization were 600 mg and 60 mg of
prednisone equivalents for the intravenous
and oral groups, respectively. The use of oral
corticosteroids was not associated with
greater rates of treatment failure, but was
associated with lower hospital cost and
length of stay. Limitations of this study
were its observational design and use of
claims data that did not allow the investiga-
tors to adjust for clinical findings.

These studies, in addition to the high
bioavailability of corticosteroids and the
vast literature supporting the efficacy of cor-
ticosteroids in asthma exacerbations, pro-
vide evidence to support the use of low-dose
oral corticosteroids for the treatment of
patients hospitalized for acute exacerbations
of chronic obstructive pulmonary disease

who are not admitted to the intensive care
unit. [27, Rank 5]
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Inhaled Corticosteroids

Although low-dose oral corticoster-
oids are recommended for acute exacerba-
tions of chronic obstructive pulmonary
disease, systemic exposure predisposes
patients to a significant adverse-effect pro-
file. Adverse effects, such as hyperglycemia,
myopathy, osteoporosis, thinning of the
skin and posterior subscapular cataract for-
mation, more than any other factor, are
most influenced by cumulative steroid dose.
Those with frequent exacerbations are of
particular concern, as they receive multiple
courses of corticosteroid treatment and
often higher-dose regimens to control acute
exacerbations.

As an alternative to systemic steroids,
nebulized corticosteroids have minimal bio-
availability, negligible systemic absorption,
and minimal systemic adverse effects. In
addition; inhaled corticosteroids have a
high level of anti-inflammatory activity at
the local level. Currently, GOLD guidelines
offer nebulized budesonide as an alternative
to oral corticosteroids for the treatment of
exacerbations.

In a double-blind, randomized, pla-
cebo-controlled trial, researchers compared
nebulized budesonide, oral prednisolone
and placebo in 199 patients requiring hos-

pital admission for acute exacerbations of

Systemic vs. Inhaled Steroids - Efficacy and Side Effect Profile

Oral corticosteroids may be used
to treat COPD when symptoms
rapidly get worse (COPD exacerba-
tions) especially when there is

. q 7
increased mucus production

chronic obstructive pulmonary disease.
Patients were randomized to one of three
treatment groups: group 1 nebulized budes-
onide 2 mg every 6 hours for 72 hours (plus
placebo tablets), then inhaled budesonide 2
mg for 7 days, group 2 prednisolone 30 mg
by mouth every 12 hours (plus placebo
nebulization), then prednisolone 30 mg by
mouth daily for 7 days, or group 3 placebo
group (placebo tablets + placebo nebuliza-
tion). All patients were administered terbu-
taline or salbutamol/ipratropium nebulizer
treatment after receiving one of the three
study drugs, as well as antibiotics and sup-
plemental oxygen. [28, Rank 5]

The primary end point was changed
in post-bronchodilator forced expiratory
volume in 1 second at 72 hours. Clinical
success was predefined as an increase in
forced expiratory volume in 1 second of at
least 0.15 L and a reduction of PaCO2 of at
least 5 mmHg. The mean change in
post-bronchodilator  forced
volume in 1 second (95% CI) at 72 hours

was greater with active treatments than with

expiratory

placebo: budesonide versus placebo, 0.10 L
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(0.02-0.18 L); prednisolone versus placebo,
0.16 L (0.08-0.24 L). The difference in
forced expiratory volume in 1 second
between budesonide and prednisolone was
not significant, at -0.06 L (-0.14 to 0.02
L). Rates of adverse events were similar in
all three groups. As expected, a greater per-
centage of patients developed hyperglyce-
mia in the prednisone group (n=7) versus
budesonide (n=1). In summary, nebulized
budesonide and prednisone improved
airflow limitation versus placebo.

Another study evaluated nebulized
budesonide as an alternative to systemic
corticosteroids. In this prospective study,
patients were also randomized into three
groups: group 1 received standard broncho-
dilator therapy (SBDT), group 2 received
40 mg of prednisolone plus standard bron-
chodilator therapy, and group 3 received
1,500 pg of nebulized budesonide plus
received standard bronchodilator therapy.
Improvement during 10-day hospitaliza-
tion was compared with exacerbation and
hospitalization rates post discharge.

Similar to the previous study, the
recovery rate in terms of both spirometry
and arterial blood-gas results did not differ
between the nebulized budesonide and
systemic  prednisone group. However,
patients in the systemic prednisolone group
did experience a significant upward trend in

blood glucose.
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Although guidelines now list nebu-
lized budesonide as an alternative yet
expensive option to oral corticosteroids,
larger studies are needed to confirm the
long-term impact of clinical outcomes of
nebulized corticosteroids for acute exacer-
bations of chronic obstructive pulmonary
disease, as well as to differentiate nebulized

steroid choice and optimal dosage. [29,
Rank 2]

Perioperative Use of

Corticosteroids

There are scant prospective, rand-
omized data examining the use of systemic
corticosteroids in the perioperative manage-
ment of the patient with chronic obstruc-
tive pulmonary disease. Researchers studied
40 patients with moderate chronic obstruc-
tive pulmonary disease who underwent cor-
onary artery bypass surgery. Half of the
patients were randomized to receive 20 mg
of prednisolone 10 days before surgery and
then continued with prednisolone until the
day of surgery, after which the dose was
halved every third day; the other 20 patients
received placebo. The steroid group had a
significant improvement in forced expirato-
ry volume in 1 second on the day of surgery
and just before discharge; however, by 3
months there was no difference in lung

function. Patients receiving steroids had
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(11
Inhaled corticosteroids may be

used to treat stable symptoms of
COPD or symptoms that are

slowly getting worse.

Inhaled

decrease the number of COPD

corticosteroids may

exacerbations in people with

severe COPD, particularly those
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The rationale for the use of inhaled
corticosteroids is multifactorial. It allows
delivery of a drug directly to the target
organ and the ability to use lower cumula-
tive doses of corticosteroid and to avoid
systemic absorption. Although a complete
absence of systemic absorption of inhaled
corticosteroids would be ideal, this is not

the case. Because of first-pass metabolism

ith ch i b hiti d . . .
wi caronic  DONCATs a,? (as shown in figure 13) of the liver, virtually
frequent exacerbations . . . .
BE— — none of the inhaled corticosteroids typically

shorter duration of mechanical ventilation,
shorter ICU stays and shorter overall hospi-
tal days. Although this study was limited in

size, it provides a basis for a larger trial. [30,

Rank 3]

Steroid Toxicity
Inhaled Corticosteroids

used for the treatment of chronic obstruc-
tive pulmonary disease, fluticasone propri-

absorbed

through the gastrointestinal tract. There-

onate and budesonide, are
fore, the vast majority of systemically
absorbed corticosteroid occurs through the
lungs. In the case of fluticasone, less system-
ic absorption occurs in patients with
diseased lung than in patients with normal

lung function. Despite the theoretical bene

MDI l “\“,&\e&
EE ﬁv
(5]
25 Systemic
3.2 Cerculatio
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-80-90% swallowed
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—
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side effect
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Figure 13: First pass metabolism of ICS
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fit of lower overall systemic corticosteroid
levels, there are documented adverse biolog-
ical effects of inhaled corticosteroids use,
including adrenal suppression, loss of bone
mass density and increased risk of fracture,
glaucoma, and skin bruising. The TORCH
trial showed no increase in the rate of frac-
tures in either of the groups receiving

inhaled corticosteroids. [28, Rank 2-

Systemic Corticosteroids

The toxicities associated with short-
and long-term use of systemic corticoster-
oids are extensive and have been well
described previously. Regarding treatment
of chronic obstructive pulmonary disease,
toxicities seem to be linked to cumulative
dose and duration of therapy. Patients with
stable chronic obstructive pulmonary
disease treated with systemic corticosteroids
have been noted to have increased risk of
glucose intolerance, decreased serum levels
of osteocalcin, and increased risk of adrenal
insufficiency. In addition, the degree of
respiratory and peripheral muscle weakness
has been shown to correlate with dose and
duration of systemic steroid use in chronic
treatment of chronic obstructive pulmo-
nary disease. Courses of systemic steroids
for exacerbations have been associated with
hyperglycemia, weight gain, insomnia, anx-

iety, and depression. [27, Rank 4]
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Mechanism of Action of

Corticosteroids

Corticosteroids have many cell- and

tissue-specific  anti-inflammatory effects
that have been extensively described. The
corticosteroid enters the cell cytoplasm and
binds with the inactive glucocorticoid
receptor complex. Consequently, the acti-
vated glucocorticoid receptor binds to

DNA at the

element sequence and promotes synthesis

glucocorticoid response
of antiinflammatory proteins (transactiva-
tion) and inhibits transcription and synthe-
sis of many proinflammatory cytokines
(transrepression). Transactivation is also
responsible for many adverse systemic
effects of corticosteroids. Corticosteroids
also reduce the number of T lymphocytes,
dendritic cells, eosinophils, and mast cells

in airways and reduce inducible nitric oxide

production. [22, Rank 4]

Pharmacodynamics

As with other drugs whose mecha-
nisms are receptor mediated, corticosteroids
exhibit a log—dose linear effect; thus, the
clinical dose response is often described as
flat because doubling the dose is relatively
ineffective in producing significant changes
in outcomes. The inhaled corticosteroids
further complicated

dose response s
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because the various measures of response
(lung function, bronchial hyper responsive-
ness, asthma symptom control, exacerba-
tions, sputum and exhalation markers of
inflammation) are downstream events from
the direct anti inflammatory effects that
have been extensively reviewed. Most stud-
ies and meta-analyses of the dose response
suggest that most of the benefit from
inhaled corticosteroids occurs in the low to
medium dose range with minimal addition-
al improvement with higher doses,
although some patients may benefit from
these higher doses.

Factors associated with a diminished
dose response to inhaled corticosteroids
include genetic polymorphisms, chronic
obstructive pulmonary disease, smoking,
severe asthma, obesity and vitamin D insuf-
ficiency. Patients with asthma who are
homozygous for the variant allele rs37973,
which maps to the glucocorticoid-induced
transcript 1 gene (GLCCI1), show about
one third the lung function response of that
of those homozygous for the wild-type
allele. The variant occurs in about 16% of
the population. Smoking, chronic obstruc-
tive pulmonary disease and severe asthma
result in oxidative stress and influx of multi-
ple inflammatory cytokines that produce
glucocorticoid resistance through a number

of heterogeneous molecular mechanisms
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that have been extensively reviewed. Even in
utero smoke exposure has been associated
with diminished response to inhaled corti-
costeroids in school-aged children. There
are ongoing prospective clinical trials to
determine whether vitamin D supplemen-
inhaled
responsiveness in patients with insufficien-

cy. [25, Rank 5]

tation restores corticosteroids

Dosing Strategies

All of the current inhaled corticoster-
oids are more effective when administered
twice daily in moderate to severe asthma;
however, they have been shown to control
mild asthma with once-daily dosing. The
issue of improving compliance with
once-daily administration of the inhaled
corticosteroids remains to be evaluated in
controlled clinical trials.

In patients with mild or intermittent
asthma, the use of inhaled corticosteroids as
needed with rescue bronchodilator or inter-
mittently at high doses for a prescribed
duration (5-10 d) has been investigated in
paediatric and adult populations. These
studies have been inconsistent and confirm
greater efficacy of daily use of inhaled corti-
costeroids for controlling the impairment
domain and mixed effects on preventing
exacerbations requiring oral corticosteroids.

Although the combination budesonide
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with the long-acting 32 agonist (LABA)
formoterol in a single inhaler has been
approved in Europe and other countries for
maintenance and reliever therapy, it has not
been approved for this use in the United
States and recently concerns have been
expressed that patients receiving this thera-
py are not well controlled and may have
inadequately treated airways inflammation.
The use of intermittent inhaled corticoster-
oids therapy for preschool children with
viral-induced wheezing is of particular
interest. Two recent trials suggest that inter-
mittent high-dose use is as effective as con-
tinuous low-dose therapy and placebo in
infants and young children. However, the
children in the latter trial who received
very-high-dose fluticasone (1.5 mg/d via
metered dose inhalers plus valve holding
chambers) experienced systemic effects of
weight and growth retardation, whereas the
children who received high-dose budeso-
nide (2.0 mg/d via jet nebulization) did not.
Thus, optimal dosing for this strategy needs
to be determined. [21, Rank 4]

It has been posited that the newer,
small-particle—generating (or ultrafine par-
ticle) inhaled corticosteroids metered dose
inhalers may provide enhanced control
because of their improved delivery to the
peripheral small airways. It has been well

documented that small airways (<2 mm
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diameter) inflammation results in increased
air trapping and bronchial hyper respon-
siveness and is associated with increased
nocturnal asthma and severe uncontrolled
asthma phenotypes. Small airways dysfunc-
tion is also common in chronic obstructive
pulmonary disease. Although initial investi-
gations in small numbers of patients have
demonstrated preferential improvement in
some measures of small airways disease,
results have been inconsistent and con-
founded by differential dosing of the ultraf-
ine versus standard particle delivery devices
and study design flaws. In addition,
large-scale studies comparing ultrafine and
standard-particle inhaled corticosteroids
have failed to demonstrate improved
asthma outcomes for the ultrafine devices
when administered in the clinically compa-
rable doses, although this may be due to the
inclusion of patients that do not have
significant small airways disease. Improved
methods of measuring small airways disease
and large-scale trials targeted at patients
with significant small airways inflammation
are required to determine if targeted thera-
py provides clinically relevant improvement
in asthma and chronic obstructive pulmo-

nary disease control. [20, Rank 3]
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Adverse Effects

When used appropriately, inhaled
corticosteroids have few adverse events (as
shown in figure 14) at low and medium
doses. The local side effects result from the
deposition of the inhaled corticosteroids in
the oropharynx and include hoarseness,
candidiasis, cough, and dysphonia. Poten-
tial systemic side effects of inhaled corticos-
teroids include suppression of the hypothal-
amus-pituitary-adrenal (HPA) axis, Cush-
ing
dermal thinning and bruising, adrenal

syndrome, osteoporosis, cataracts,
insufficiency, and growth suppression in
children. Cushing syndrome and associated
adrenal insufficiency have been reported
with high doses of inhaled corticosteroids
or as a result of drug interaction with
CYP3A4 inhibitors. Additionally, inhaled
corticosteroids therapy increases the risk of
pneumonia in patients with chronic
obstructive pulmonary disease.

Several methods have been used to
measure HPA axis function with 24-hour
serum  area-under-the-curve  cortisol,
low-dose adrenocorticotropin stimulation
and 24-hour and overnight urinary free cor-
tisol being the most sensitive indicators of
exogenous corticosteroid exposure. 'The
standard test to evaluate the full integrity of

the hypothalamus-pituitary-adrenal axis is
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insulin-hypoglycemic  stimulation,  but
standard-dose adrenocorticotropin stimula-
tion has been used for regulatory purposes.
Although 24-hour urinary cortisol excre-
tion has been approved to compare relative
systemic activity from the inhaled corticos-
teroids, the degree of suppression does not
correlate with risk of adrenal insufficiency.
Patients exposed to high doses of inhaled
corticosteroids should have their HPA axis
monitored. [15, Rank 5]

Reduced bone mineral density and
increased risk of fracture have been reported
in older patients on high doses of inhaled
with  chronic

corticosteroids.  Patients

obstructive  pulmonary  disease  have
increased risk factors, including smoking,
vitamin D insufficiency and immobility;
furthermore, the doses of inhaled corticos-
teroids currently used are in the high-dose
range. Recent analyses of prospective trials

of inhaled

obstructive pulmonary disease have not

corticosteroids in chronic
demonstrated an increased bone mineral
density decline or an increased risk of frac-
tures. However, as many as 60% of patients
with  chronic  obstructive  pulmonary
disease, particularly patients with more
severe disease, may have osteoporosis, so
bone mineral density measures should be
considered. In children, medium doses of

budesonide for 4 to 6 years did not result in
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Figure 14: Side effects of systemic corticosteroids

increased risk of osteoporosis or fractures.
Elderly patients and patients with severe
chronic obstructive pulmonary disease
receiving high-dose inhaled corticosteroids
should receive appropriate prophylaxis with
vitamin D and calcium. Similar to osteopo-
rosis, the risk of cataracts has been reported
to be associated with dose and duration of
inhaled corticosteroids in elderly patients;
however, a long-term prospective trial of 4
to 6 years plus an additional 8-year
follow-up with continuous and intermit-
tent therapy did not find an association
between inhaled corticosteroids and cata-
racts.

A major concern for inhaled corticos-
teroids therapy in young children is the
effect on growth. A recent publication
reported that the growth suppression seen
in the first few years of therapy, although it

was dose-dependent and not cumulative,

persisted into adulthood. Growth suppres-
sion is dose and device dependent and has
been reported with low to medium doses of
beclomethasone dipropionate metered dose
inhaler and budesonide dry-powder inhaler
(DPI) in children 4 to 17 years of age and in
infants 2 years of age or younger with fluti-
casone metered dose inhaler plus valve
holding chambers but not with low- to me-
dium-dose fluticasone dry-powder inhaler,
mometasone furoate dry-powder inhaler, or
ciclesonide metered dose inhaler. Several
large studies have shown that inhaled corti-
costeroids alone or in combination are asso-
ciated with increased pneumonia risk and

even death from pneumonia, with a

dose-related risk. [19, Rank 4]
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Current Use of
Corticosteroids

Many of the side effects of inhaled
corticosteroids, including pneumonia, bone
fracture risk, tuberculosis and diabetes, are
dose-related, in terms of both daily dose
and lifetime exposure. Despite this, flutica-
sone/ salmeterol combination is approved
in the EU for use in chronic obstructive
pulmonary disease only at a daily flutica-
sone propionate dose of 1000 pg, which is
double the 500 pg daily dose approved for
chronic obstructive pulmonary disease in
the US and Japan. In their review of data on
combination

fluticasone/ salmeterol

500/50 and 250/50 pg b.i.d. for use in
chronic obstructive pulmonary disease, the
US FDA reported both a higher frequency
of adverse events (78 vs 70%) and no treat-
ment benefit for the higher versus the lower
dose. The dosage of budesonide in combi-
nation with the long-acting 32 agonist for-
moterol is also lower in the US than that
approved in the EU (200 and 400 pg b.i.d.,
respectively). Evidence to support the use of
the higher rather than the lower doses in the
EU is lacking. Comparative efficacy data are
also lacking for other inhaled corticoster-
oids agents, as a 2014 Cochrane network
meta-analysis identified only a few prospec-

tive head-to-head trials evaluating different

Systemic vs. Inhaled Steroids - Efficacy and Side Effect Profile

doses of the same inhaled corticosteroids
(administered alone or with a long-acting 8
2 agonist) on relevant chronic obstructive
pulmonary disease outcomes. Additionally,
the majority of studies powered to investi-
gate the effects of inhaled corticosteroids on
important chronic obstructive pulmonary
disease outcomes used a single inhaled cor-
ticosteroids dose that was the highest dose
given among studies included in the me-
ta-analysis. Exceptions include trials of the
newer formulation of fluticasone, the furo-
ate salt, which is approved for chronic
obstructive pulmonary disease in the EU
and the US at the same q.d. dose of 100 pg
(in combination with the long-acting 32
agonist vilanterol), after studies showed no
additional benefit on lung function or exac-
erbation frequency of a combination con-
taining a higher (200 pg) dose of fluticasone
(12-week)

head-to-head comparisons showed similar

furoate. Short-term
bronchodilator efficacy and also suggested a

comparable incidence of pneumonia
between fluticasone/ salmeterol combina-
tion 500/50 pg b.i.d. and fluticasone furo-
ate/vilanterol 100/25 pg q.d. In duplicate
1-year studies in patients with a history of
exacerbations, the incidence of pneumonia
with fluticasone furoate/vilanterol 100/25

ng q.d. was higher than with vilanterol 25
g q.d. alone (6 vs 3%) and similar to the
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Induvidual presentation
and underlying mechanisms

* Mortality

* Disease progression
* Lungs function

* Symptoms:
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Figure 15: Risk benefit balance on decision of treatment of

COPD

incidence of 5% with FSC 500/50 pg b.i.d.
reported by Kardos et al. in a comparable
patient population. [17, Rank 4]

Benefit risk balance (as shown in
figure 15) and its determinants with per-
sonalized chronic obstructive pulmonary
disease treatment choices have to be kept in

mind while deciding on treatment options.

When the clinician is deciding which phar-
macological treatment options to prescribe
to a patient, they have to consider expected
benefits (determined by individual pres-
entation and underlying mechanism of the
disease) and possible risks (which depend

on individual risk.
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Asthma-COPD Overlap

Syndrome (ACOS)

Some patients present with features
of both chronic obstructive pulmonary
disease and asthma, described as asthma-—
chronic obstructive pulmonary disease
overlap syndrome. As yet, there is no uni-
versally accepted definition of asthma
—chronic obstructive pulmonary disease
overlap syndrome and no validated diag-
nostic criteria, although the GINA/GOLD
collaboration provides a clinical descrip-
tion: “asthma —chronic obstructive pulmo-
nary disease overlap syndrome is character-
ized by persistent airflow limitation with
several features usually associated with
asthma and several features usually associat-
ed with chronic obstructive pulmonary
disease. Asthma— chronic obstructive pul-
monary disease overlap syndrome is there-
fore identified by the features that it shares
with both asthma and chronic obstructive

The

asthma— chronic obstructive pulmonary

pulmonary disease”. definition of
disease overlap syndrome used in the COP-
DGENE study is similar and is increasingly
used: chronic  obstructive pulmonary
disease based on usual spirometric criteria
and a history of smoking, plus history of
asthma before the age of 40 years. The

reported prevalence rates of asthma-
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chronic obstructive pulmonary disease
overlap syndrome have varied widely, likely
as a result of differences in definition, but
10 — 20% of patients with chronic obstruc-
tive pulmonary disease may have asth-
ma—chronic obstructive pulmonary disease
overlap syndrome. Although reliable bio-
markers for asthma—chronic obstructive
pulmonary disease overlap syndrome are
not currently available, it is important to
identify the syndrome due to different ther-
apeutic  strategies for asthma—chronic
obstructive pulmonary disease overlap syn-
drome and chronic obstructive pulmonary
disease.

In patients with asthma —chronic
obstructive pulmonary disease overlap syn-
drome, the default is to start treatment (as
shown in figure 16) as for asthma, that is,
inhaled corticosteroids at low or moderate
dose plus a long-acting 2 agonist, in recog-
nition of the potentially life-saving role of
inhaled corticosteroids in asthma. Long
acting muscarinic acid treatment can also
be considered in addition to inhaled corti-
costeroids/ long-acting 32 agonist. In the
previously mentioned cohort study com-
paring new users of inhaled corticosteroids/
long-acting B-agonists or long-acting 32
agonist, there was only a modest overall

benefit inhaled

long-acting 2 agonist but the greatest

for corticosteroids/
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Assess and control
triggers
Assess biomarkers
Assess symptoms
and exacerbations
Identify and treat
co-morbidities

Confirm

ACOS

Initiate therapy

Low moderate dose

ICS/LABA

Add LAMA
Increase dose of ICS/LABA

Figure 16: Management of ACOS

difference was observed among chronic
obstructive pulmonary disease patients with
a co-diagnosis of asthma (difference of -
6.5% in the composite outcome of hospi-
talization or death at 5 years), supporting
the use of inhaled corticosteroids in this

population. [10, Rank 4]

Recommendations

Existing evidence indicates that short
courses (2 wk or less) of systemic corticos-
teroids are effective in improving lung func-
tion and reducing morbidity associated
with chronic obstructive pulmonary disease
exacerbations in patients with moderate to
severe chronic obstructive pulmonary
disease. The use of systemic steroids in
stable conditions is not recommended. Any
potential benefit with systemic corticoster-
oids should be weighed against their poten-
tial toxicities on an individual basis. Based
on the available literature, it is reasonable to
initiate stable patients with moderate to
severe chronic obstructive pulmonary
disease on an inhaled corticosteroids/
long-acting 2 agonist combination regi-
men or inhaled corticosteroids alone with
the goal of improving lung function, reduc-
ing the frequency of exacerbations, and
improving QOL. Results from the
TORCH trial are promising, with hopes of
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Figure 17: Recommended treatment modalities in COPD

improving survival with the use of com-
bined long-acting 32 agonist and inhaled
corticosteroids, but this needs to be further
studied in light of a potential for increasing
rates of pneumonia. In addition, the combi-
nation of tiotropium, long—acting B—ago—
nists and inhaled corticosteroids may have
some benefit but further studies are needed.
This recommendation is in line with the
current recommendations of the Global
Initiative for Chronic Obstructive Lung
Disease (as shown in figure 17).

Targeting inhaled corticosteroids to
those patients who are likely to respond
would minimize unnecessary exposure and
costs while increasing the chance of
improved outcomes. Some of the indicators

inhaled

response in patients with obstructive lung

corticosteroids

of a probable

disease (such as a previous history of

asthma, atopy, positive bronchodilator test
[reversibility], bronchial hyper responsive-
ness, high levels of the fraction of exhaled

nitric oxide and eosinophilia in sputum or

blood) [5, Rank 4]

Chronic

disease is a systemic disorder that carries

obstructive  pulmonary
significant morbidity. Local and systemic
inflammation seem to be central to its
pathogenesis and will likely be targets of
future therapeutic modalities aimed at ame-
liorating symptoms and perhaps altering
the natural history of the disease. There is a
growing body of data suggesting that corti-
costeroids can reduce systemic and local
inflammation providing a plausible mecha-
nism for clinical benefit in chronic obstruc-

tive pulmonary disease. Ample evidence
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exists to recommend short courses of
systemic  corticosteroids  for  chronic
obstructive pulmonary disease exacerba-
tions. The use of inhaled corticosteroids in
stable ~chronic obstructive pulmonary
disease improves lung function, decreases
rates of exacerbation and seems to improve
survival when combined with long-acting 3
2 agonist but must be weighed against the
potential for increased vulnerability to
pneumonia. Although the data are limited,
there may be a role for peri-operative use of
systemic corticosteroids in chronic obstruc-
tive pulmonary disease, although more
investigation is warranted. As with all medi-
cal interventions for chronic obstructive
pulmonary disease, a careful examination of
risk—benefit ratio must be partaken, par-
ticularly in light of the significant adverse

effects associated with corticosteroid usage.

[6, Rank 3]

*Important information for post-test is highlighted in red letters, boxes and diagrams.
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