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Chapter 1- Introduction

Chapter 1: Introduction

Asthma is a major health problem in Australia and around the world. It occurs in all races,
and its prevalence has increased more than 30% since the late 1970°s (GINA, 2006). There
is an enormous amount of literature about asthma and its treatment. In Australia, asthma is
recognised as a major problem, and in international comparisons, Australia has been ranked
as having the second highest prevalence rate (GINA, 2006). One important clinical issue
has been determining the optimal dose of inhaled corticosteroids (ICS). In recent years, the
doses of ICS prescribed in Australia have been above the recommendations in current
guidelines. This can unnecessarily increase side effects and hence there is a need for

clinicians to ensure that each patient’s medications are reduced to the lowest effective dose.

1.1 What is Asthma?

Asthma is a chronic inflammatory disease that has many clinical manifestations in both
adults and children (GINA, 2006). The common clinical symptoms of asthma comprise of
intermittent shortness of breath, wheeze, chest tightness and cough which can often result
in exacerbations. Asthma is a chronic inflammatory disorder of the airways in which
neutrophils, eosinophils, mast cells, macrophages, T lymphocytes and epithelial cells all
play important roles. Recently it has been shown that airway smooth muscle cells play a
pivotal role in propagating the inflammation (Barnes, 2006). The main physiological
characteristic of asthma is airway narrowing which is caused by the airway smooth muscle

constricting excessively and by swelling of the airway wall. This obstruction is often
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reversible spontaneously or with treatment. However, permanent changes in the airways
can occur, which is referred to as airway re-modelling. These changes can include an
increase in smooth muscle (see Figure 1), loss of normal airway distensibility, and
thickening of collagen layers which may lead to irreversible obstruction (James et al.,
1989). These structural changes are often related to the severity of the disease and in some

individuals might be prevented with the correct treatment.

Figure 1: Histological airway cross-sections

Figure 1: Histological airway cross-sections of age and sex-matched airways from a non-
diseased and asthmatic lung (left). Airways were paraffin embedded and stained with
Gomori Trichrome. ASM, BM and Epi denote airway smooth muscle, basement membrane
and epithelium, respectively. The figure was obtained by permission from Dr Karen
McKay, formerly with the Respiratory Research Group, University of Sydney, Australia.

1.2 Prevalence of Asthma in Australia

The prevalence of asthma is high in Australia compared with other countries, affecting
14%—16% of children and 10%—12% of adults (National Health Survey, Australia 2004-05)

(ABS, 2001). In a study conducted in 2004, Australia was ranked 22nd out of 67 countries
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for the mortality of people aged 5-34 years (per 100,000 population) due to asthma (GINA,
2006). The high prevalence of asthma in Australia costs the community an estimated $585-
$720 million per annum (ABS, 2001). This includes direct medical related costs as well as

indirect costs such as decreased productivity (Asthma Foundation, NSW, 2003-2004).

The management of asthma in Australia is improving. Over the past 5-10 years, rates of
general practitioner visits and hospitalisations for asthma have declined substantially due to
the development of effective drugs that provide temporary relief and also due to the
implementation of asthma action plans to prevent and manage exacerbations. Furthermore,
with the wider use of effective drugs such as ICS, deaths due to asthma have fallen by more
than 50% since the early 1990s. Regular use of ICS also reduces the symptoms and longer

term morbidity of asthma.

1.3 Determining optimal treatment for asthma

As described above asthma is a complex disease. Patients often have symptom-free periods
and during this time they may report feeling as though they do not have asthma. At other
times asthma maybe so severe that it limits both activity and sleep, which may then require

unplanned medical attendances - a visit to the GP or emergency department.

There has been much research undertaken into the treatment of asthma in the past. The first
asthma guidelines were published in the late 1980s when asthma became a recognized

public health problem in many countries, in particular Australia and New Zealand
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(Woolcock et al., 1989). Current international and Australian asthma guidelines
recommend inhaled corticosteroid as first line therapy for all severities, except mild
intermittent asthma (GINA, 2006 ;NACA, 2006). Inhaled corticosteroids (ICS) have been
the mainstay of anti-inflammatory treatment for asthma because inhaled therapies deliver a
high proportion of the medication directly to the airways, with minimal systemic

absorption, resulting in a substantial reduction in systemic side effects (Lipworth, 1999).

Numerous clinical studies have been carried out highlighting the efficacy of inhaled
corticosteroid therapy on the several domains of asthma. Studies have shown that regular
use of inhaled corticosteroids in persistent asthma can prevent exacerbations (Adams et al.,
2001 ;Adams et al., 2005a ;Adams et al., 2005b) reduce symptoms, preserve lung function
(Dijkstra et al., 2006 ;Lange et al., 2006) and also improve lung function (Juniper et al.,
1990). Furthermore inhaled corticosteroids have been shown to improve the quality of life

of people with asthma (Juniper et al., 1990).

One of the major problems with asthma management from a clinical perspective is that
regardless of the severity of asthma in a patient, there is a tendency to prescribe the highest
dose of ICS to control their asthma. Recent data (2002-04) from the Pharmaceutical
Benefits Scheme (PBS) show that about 57.3% of inhaled corticosteroid prescriptions
supplied were of the highest potency, compared to the low and medium potencies which
represented 10.4% and 32.3% respectively. These results show that, in Australia, a high

proportion of all inhaled corticosteroids are being prescribed at high doses. However, as
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previously mentioned, recent evidence has shown that the benefit of inhaled corticosteroids

can be demonstrated at a low to medium dose (Holt et al., 2001 ;Powell et al., 2003).

Currently the average ICS daily dose prescribed to asthmatic patients is around 800-
1000mcg of CFC-free beclomethasone. However evidence (Holt et al., 2001) suggests that
high ICS doses may offer no therapeutic benefit in asthma control, but can result in
increased side effects whereas the main aim in managing asthma is to achieve a high
therapeutic efficacy with minimal side effects. These side effects are discussed in depth in
Chapter 3 (see section 3.2). Therefore there is a need for clinicians to ensure that each

patient’s medication is prescribed at the minimum effective dose.

Previous studies in this area have demonstrated that halving the inhaled steroids dosage for
treatment of asthma and adding long acting beta, agonists (LABA) is equally or more
efficient than administering higher dose ICS alone (O'Byrne et al., 2001 ;Pauwels et al.,

1997). Hence, many patients do not need high dose ICS to maintain asthma control.

Inhaled corticosteroids are highly effective as maintenance medications for asthma, but the
dose which is required to achieve good control of asthma may vary between individuals.
Within the one patient, it may also vary over time. Powell and Gibson (2003) found that on
average, there was a modest difference in efficacy on asthma control (prevention of
exacerbations) between 100mcg and 1000mcg/day of fluticasone.

Determining the optimal ICS dose in an individual patient is not always straightforward.

Generally in a clinical setting a visit to the GP only lasts 10-15 minutes. During this time
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the patient requests a number of prescriptions for different conditions other than asthma. It
is difficult in this short amount of time for GPs to assess the severity of the patients’
asthma, and their current level of control, and to prescribe them the dose of ICS which is

appropriate for their severity.

1.4 Management of asthma

The current goal of asthma management is to identify the minimal effective dose of
maintenance medication, specifically the lowest dose which maintains asthma control.
Asthma control is a measurement of a point in time. It is a dynamic measure that reflects
recent exposure and response to triggers as well as the effectiveness of present therapy
(Stempel et al., 2005). Two approaches have been suggested to accomplish this outcome.
Firstly, a moderate or high dose of inhaled corticosteroids is given to achieve asthma
control and then, over time, stepwise reduction (“Step Down”) is performed until the lowest
dose is reached where asthma control is not compromised (National Asthma Council
Australia, Melbourne 2002). This method will be used for this study and will be discussed
in depth in Chapter 4 (see section 4.12.6 and 4.13). The second approach (“Step up”) is
where an individual is given a low dose of inhaled corticosteroids, and if asthma control is
not achieved, the dose is then increased stepwise until control is attained (BTS/SIGN, 2004
;N.Z, 2003). However, as already mentioned, it seems that “Step Down” is not being
implemented appropriately in Australia, in that high doses are being prescribed but not
reduced (ACAM, 2007).

There are a number of factors which partly explain why lower doses are not being

prescribed in the community; however, further research is needed to develop methods to
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overcome these barriers. As discussed earlier, short GP consultation time is a major factor,
as a complete assessment of asthma may take longer than a standard consultation. Hence a
patient with well-controlled asthma may remain on the same treatment, as the assessment of
whether dose reduction is suitable may take too long. Another reason is that pharmaceutical
companies may leave clinicians with samples of common ICS at the highest available dose
and therefore doctors may prescribe this dose out of habit. In addition, GPs may rate the
risk of loss of asthma control greater than the risk of side-effects, and therefore may be

unwilling to reduce the dose of inhaled corticosteroids.

Current guidelines (GINA, 2006 ;NACA, 2006) are focused around patient-centred
endpoints (symptoms and activity impact) and on current impairment. On the other hand
there is some evidence that inflammation may continue even when the clinical
manifestations are under control, which may result in the loss of control after a dose
reduction (Mcivor et al., 1998). Currently, research is being carried out to determine
whether markers of inflammation could be used to predict minimal effective dose. If so,
measurement of lung function and clinical symptoms could be combined with an
inflammatory measurement, to provide greater confidence at attempting to reduce ICS

doses.

1.5 Defining Asthma Control

During the last twenty years, there have been landmark advances from clinical studies in

understanding the mechanisms and treatment of asthma. While the assessment of asthma
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severity has attracted a great deal of clinical research interest, the defining of “asthma
control” has until recently, been largely ignored. Despite the numerous attempts to
operationalise definitions of asthma control, until recently there was no agreement on a
common standard. “We believe the problem is further complicated by a lack of distinction
in the literature between underlying disease severity and current level of asthma control”
(Vollmer et al., 1999). However the new GINA guidelines (GINA, 2006) do use a standard

definition for the vast majority of patients.

Asthma control is defined as:

* No (twice or less/week) daytime symptoms

* No limitations of daily activities, including exercise

* No nocturnal symptoms or awakening because of asthma
* No (twice or less/week) need for reliever treatment

* Normal or near-normal lung function results

* No exacerbations

Defining asthma control accurately is important as the term is used frequently both to
denote the need for therapeutic change and as endpoints in clinical trials. Most observers
use the term “Control” which is usually a medium-term description of either asthma
symptomatology or adequacy of treatment. Current asthma guidelines stress the need for
long term control of asthma and set out the aims of asthma management. They may also
influence the design of clinical trials by determining outcome measures. The aims of

asthma management generally can be divided into three areas: prevention of symptoms

20



Chapter 1- Introduction

(including exercise induced symptoms and minimal requirement for symptomatic relief
with short acting B,-agonists), normalisation of lung function, and prevention of asthma
exacerbations. The most recent versions of the Global Initiative for Asthma (GINA)
guidelines (GINA, 2006), National Asthma Council Australia (NACA, 2006) and the British
Thoracic Society (BTS) guidelines have simplified these aims of asthma management.
These guidelines for asthma treatment clearly state that asthma control can only be defined

by looking at a number of parameters. (Appendix 1)

As a result of the lack of uniformity in the definitions of “asthma control” there has been an
agreement between the European Respiratory Society and American Thoracic Society to
collaborate (Partridge, 2004) on this issue and the findings of this ERS-ATS task force are
soon to be published. It is hoped that their recommendations will facilitate the adoption of
an agreed definition of asthma control. This should assist in decisive classification of
control and a uniform standard for defining control in clinical trials. Apart from these
guidelines there is also the need for tools that can independently measure the level of

asthma control.

1.6 Why measure asthma control?

The real challenge is to develop simple-to-use, standardised tools that allow us, to the
greatest extent possible, to independently assess the level of asthma control. Assessment
tools have been essential in detecting the occurrence of symptoms in order to achieve long-

term asthma control. By implementing these tools, Juniper, co-workers and others have
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correlated subjective measures of asthma, such as asthma symptom questionnaires with
objective measures such as spirometry and expiratory flow rates. One such tool that has
shown some success in clinical trials in measuring asthma control is the Asthma Control
Questionnaire (ACQ) (Juniper et al., 1999), which has strong evaluative and discriminative
properties. This questionnaire was specifically designed for assessing asthma control since
there was a lack of tools available for this purpose. Further information on the ACQ is
discussed in the methods chapter (see section 4.11.4) and can be found in the appendix (see

Appendix 2).

1.7 Many different study designs

As already described, asthma treatment to achieve and maintain control can be done in two
ways, by either stepping up or stepping down treatment. Treatment optimization and
finding the right dose for the right person is discussed in Chapter 3 (see section 3.3.1). The
GINA guidelines (2006), mention that the approach will differ from patient to patient
depending on the combination of medications and the doses that were needed to achieve
control. They indicate that even though further research on stepping down asthma treatment
is needed, some recommendations can be made based on the current evidence

There have been several ICS step-down studies, which I will discuss further. Some
investigators have looked at step down of ICS alone (Reddel ef al., 2000). In this study,
Airway hyperresponsiveness (AHR) measurements along with clinical measurements
(symptoms, reliever use, am PEF and spiromtery) were used to successfully down titrate
the dose of inhaled steroids. Similarly Sont and collegues demonstrated that better asthma

control (reduced exacerbations and improved lung function) could be achieved in patients
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who received ICS, based on their level of airway hyperresponsiveness, but at the cost of

higher steroid doses (Sont ef al., 1999).

On the other hand, there are several studies suggesting that when patients are well
controlled on ICS, adding a LABA can enable a dose reduction by 50% while sustaining
the same level of asthma control as the higher ICS dose (Fowler et al., 2002 ;Busse ef al.,
2003). Studies using a dramatic ICS dose reduction schedule demonstrated that the
combination of lower dose ICS + LABA can achieve adequate control, however LABA

alone results in loss of asthma control (Lemanske et al., 2001).

At the same time as the present algorithm study was being designed, several groups were
investigating the use of fractional exhalation of NO (FeNO) to guide treatment in asthma. It
is important to assure that vocabulary is shared. The terms “Exhaled NO” and “FeNO” are
used interchangeably to describe the fraction of exhaled nitric oxide (FeNO) (Hunt, 2005).
In a 12 month single blinded trial (Smith ez al., 2005), patients were randomised either into
the FeNO group or the control group which was derived from the GINA guidelines (2002).
The primary outcomes for the study were asthma exacerbations and the mean daily ICS
dose. The study design included a dose stabilization period (variable duration between 3-12
months) at entry. This stabilization period was used to determine the dose based on eNO
and also the dose of ICS. Following this the patients were observed for a 12 month period.
The findings from this study showed that using FeNO for dose adjustments of ICS led to
similar asthma control with less ICS in the FeNO treated group compared with the group

treated on conventional parameters. These were based on the GINA guidelines (2002) and
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included symptoms, bronchodilator use, diurnal peak flows and spirometry. The daily dose
of ICS was significantly reduced in the FeNO group, down to 370 mcgs when compared
with the control group, 641 mcgs FP/day (p = 0.003) (Smith et al., 2005). In addition to
this, their results highlighted no significant improvement in exacerbation frequency; (0.49
in the FeNO group vs 0.90 in the control group exacerbation/patient/year (p=0.27) (Smith
et al., 2005). This difference appears clinically important and may have been statistically
significant if there were more subjects in the study.

Similarly Pijnenburg carried out a 12 month study on children who were randomised into
either FeNO + symptoms group or the symptoms only group. The primary outcomes were
also similar to Smith’s study. The results from this study showed no significant differences

in the primary outcomes except improved AHR and inflammation in FeNO treated group.

Recently, Shaw and colleagues (2007) tested the hypothesis that titrating ICS dose using
FeNO will result in fewer exacerbations and more efficient use of ICS, when compared
with traditional management based on the British Thoracic Society (BTS) and Scottish
Intercollegiate Guidelines Network treatment guidelines (BTS/SIGN, 2004). In this 12
month study, patients were randomised into the FeNO or control group (guideline driven).
There were no differences in any outcome except the final dose of ICS was lower in the
FeNO group, 557 mcg Vs 895 mcg in the control group. On the other hand the total ICS

dose over the 12 months showed no difference between the two groups.

Taken together the above studies clarify the role of FeNO in guiding ICS dose in the

management of asthma and maintenance of asthma control (Smith et al., 2005 ;Pijnenburg
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et al., 2005 ;Shaw et al., 2007). However studies undertaken by Lemanske (Lemanske et
al., 2001) have illustrated that a 1-step ICS dose reduction (50%) rarely maintains adequate
asthma control. In their study this dramatic decrease resulted “in a significant deterioration
in asthma control and therefore, cannot be recommended” (Lemanske et al., 2001). As
combination therapy (ICS + LABA) is now the most common medication prescribed in
Australia for asthma, we wished to determine the effectiveness of different down titration
strategies for combination therapy rather than assume results of ICS alone. We undertook a
similar study to assess the role of eNO in guiding down titration of ICS dose in well
controlled patients taking combination therapy. We considered it was possible that LABA

would mask the ICS effects and could lead to over-rating control during down titration.

The title of our study is A Randomised Controlled trial of two different Algorithms for
maintaining Asthma Control on Long Acting Bronchodilators (LABA) and Inhaled
Corticosteriods (ICS). The Investigators of this study have abbreviated this title and called
it the Algorithm Study. The aims and hypothesis for this study are outlined in Chapter 4

(see section 4.1 and 4.2).

1.8 The potential role of Exhaled Nitric Oxide (eNO) in assessing
asthma control

For a full discussion see Chapter 2
Exhaled Nitric Oxide (eNO) has been proposed as a potential indirect marker to monitor

asthma control. There are now over 1000 publications discussing this marker of airway
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inflammation. Although it has stood the test of time, it is still not widely employed as a
monitoring tool. Why all the excitement? Much of it has to do with the promising
application of eNO in asthma. This molecule is produced in increased amounts in the lower
airways of asthmatic patients and has been shown to increase further during poor asthma
control and asthma exacerbations. It has been proposed as a non-invasive technique for
assessment of airway inflammation (Barnes et al., 1996). Measurement of eNO is a very
simple and rapid procedure and has been incorporated successfully into many studies of
asthma in children and adults. Studies have shown that asthmatics have consistently higher
eNO levels than normal subjects (Persson et al., 1994 ;Barnes et al., 1996 ;Alving et al.,
1993) and eNO correlates well with other indirect markers of airway inflammation like
sputum eosinophilia and methacholine-induced bronchial hyperresponsiveness (Jatakanon
et al., 1998). The close link between eNO and eosinophils suggests that eNO could be used
in place of sputum eosinophils, and the measurement of eNO does appear to predict asthma
exacerbations (Jones ef al., 2001 ;Pijnenburg et al., 2005 ;Harkins et al., 2005). The study
described in this thesis examines the usefulness of eNO in assessing and monitoring asthma
control in comparison to a “clinical care” algorithm. It tests whether eNO levels alone
could be used in a clinic setting in patients with well controlled asthma, to indicate

physicians the suitability of patients on ICS+LABA for ICS dose reduction.

1.9 Conclusion

Asthma is a chronic condition which can be effectively controlled by regular treatment with

inhaled corticosteroids. Current evidence suggests that, of the Australian asthma patients
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taking inhaled corticosteroids, a large proportion is being prescribed high doses. High doses
may not provide more benefit than lower doses and may be associated with a higher risk of
local and systemic side effects. Guidelines do recommend ongoing monitoring of treatment
and dose reduction where possible. Therefore optimal ICS treatment is important in order
for individuals to gain asthma control of their asthma and improve their (Qol) quality of
life. However more research is required to develop methods to assist practitioners in these

assessments.
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Chapter 2- The role of nitric oxide in asthma

CHAPTER 2: THE ROLE OF NITRIC OXIDE IN ASTHMA

2.1 Pathogenesis of asthma

About two thirds of people with asthma are atopic. In these people, asthma can be thought
of as a result of respiratory allergy, in which inhaled allergens stimulate bronchial mast
cells to release histamines and other leukotrienes, which cause repeated bouts of bronchial
constriction and airway obstruction. Histamines stimulate bronchoconstriction, increased
mucus production and mucosal swelling causing bronchiolar oedema (see Figure 2) further
aggravating the symptoms of asthma. Leukotrienes attract eosinophils and other leukocytes
such as neutrophils, basophils and monocytes. Of these, the eosinophils are particularly
associated with asthma inflammation (Sakula, 1988). Bousquet and colleagues studied the
role of eosinophilic inflammation in asthma. They counted the number of eosinophils in
both peripheral blood and bronchoalveolar-lavage fluid from chronic asthmatics and
healthy subjects and comparisons were made. They concluded that “Eosinophilic
inflammation of the airways is correlated with the severity of asthma. These cells are likely
to play a part in the epithelial damage seen in this disease” (Bousquet et al., 1990).
However other studies have indicated that different cells such as neutophils also play a role

in the inflammatory process underlying asthma (Jatakanon ef al., 1999) .
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