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ABSTRACT: The current concept of asthma therapy is based on a stepwise approach,
depending on disease severity, and the aim is to reduce the symptoms that result from
airway obstruction and inflammation, to prevent exacerbations and to maintain normal
lung function.
b2-Adrenoceptor agonists and glucocorticoids are at present the most effective
drugs for the treatment of airway obstruction and inflammation, with theophylline,
leukotriene receptor antagonists and anticholinergics as second- or third-line therapy.
There are, to date, no additional or newly developed drugs available that add
substantially to the current strategies or even replace b2-adrenoceptor agonists or
glucocorticoids. New approaches in asthma therapy recommend drug combinations of
inhaled steroids, primarily with long-acting b2-adrenoceptor agonists, based on their
improved efficacy and the potential for a steroid-sparing effect.
Although existing drug entities are able to control the vast majority of patients
with mild and moderate asthma, patients9 (and doctors9) adherence to guidelines and
treatment strategies falls well short of the desired standards.
Treatment choices, however, differ between countries and should take into account
convenience to the patient and the occurrence of side-effects. Additionally, the cost of
therapy and reimbursement policies also influences therapeutic strategies.
Eur Respir J 2001; 18: Suppl. 34, 34s–40s.

Bronchial asthma is an inflammatory disease of the
airways, characterized by bronchial hyperresponsiveness and variable airway obstruction. Current
pharmacotherapy aims primarily at symptomatic
improvement through the use of bronchodilators
and suppression of airway inflammation and decrease
of bronchial hyperresponsiveness through the use of
anti-inflammatory therapy.
The goal of the current and established treatment of
asthma is minimization of symptoms, maintenance of
normal lung function and prevention of irreversible
changes within the airways. In future, it will be
important to develop preventive and, possibly, curative therapeutic approaches, which are based on
an improved understanding of the pathogenesis and
pathophysiology of asthma.
Current treatment strategies advocate a stepwise
approach to treatment, which depends on the severity
of the disease [1]. This classification requires a standardized clinical assessment as well as measurement
of lung function. Current pharmacotherapy should
provide adequate control for the majority of patients;
however, implementation of current guidelines, including lung function measurement and rational therapy,
still falls well short of the desired standards [2].
General considerations
Asthma symptoms are mainly caused by recurrent
episodes of acute airway narrowing that are believed
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to result from airway hyperresponsiveness and inflammation irrespective of whether the origin of the
disease is allergic or nonallergic. The underlying
mechanisms of airway hyperresponsiveness are still
far from being completely understood.
In allergic asthma, it is assumed that the early-phase
reaction is based on an immunoglobulin (Ig)-E
mediated reaction with antigen cross-linking of Ig-E
molecules bound to specific receptors on mast cells.
Subsequent activation of Ig-E (FceRI receptors)
leads to the release of bronchoconstricting mediators
including leukotrienes and histamine. In contrast, the
allergic late-phase reaction is believed to result from
infiltration of the airway wall by inflammatory cells
such as eosinophils and lymphocytes, especially
CD4-positive T-cells. The mediators, which are released
by these cells, are implicated in not only causing
bronchoconstriction but also increasing bronchial
responsiveness after allergen exposure. Repeated allergen exposure might lead to chronic changes within
the airways and the well-described pathological aspects
of airways from asthmatic patients, i.e. epithelial
damage, hyperplasia of mucous glands, subepithelial
fibrosis, collagen deposition, inflammatory cell infiltrates and increase in smooth muscle mass through
hyperplasia and hypertrophy.
To date, asthma severity has been classified
according to the frequency of symptoms in combination with lung function parameters such as forced
expiratory volume in one second and peak expiratory
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flow; this classification forms the basis of a stepwise
approach to asthma therapy. Although parameters
that are assumed to reflect changes in airway inflammation have been used successfully to characterize
patients and evaluate therapeutic effects within
clinical studies, these parameters have not been
taken into account in the current guidelines for the
treatment of asthma. These indicators of airway
inflammation, believed to be directly involved in the
pathophysiology of asthma, are inflammatory cells
(eosinophils, lymphocytes and mast cells) in induced
sputum and bronchoalveolar lavage (BAL) fluid,
inflammatory mediators (cytokines, chemokines,
immunoglobulins, leukotrienes and prostanoids) in
serum, urine, sputum and BAL fluid, and tissues
obtained from the airways via biopsy (structure,
adhesion molecules and receptors). Improved understanding of the relationship between symptoms
on the one hand, and lung function and inflammatory parameters on the other, forms the basis of
new concepts and approaches in the treatment of
asthma.
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of long-acting drugs in combination with steroids on
the frequency of exacerbations might support an additional effect of this class of drug on airway inflammation
[5, 6].
At present, clinical and experimental experience
with short- and long-acting b2-adrenoceptor agonists
seems to suggest that it is rather unlikely that novel
bronchodilators, in the foreseeable future, that are
better tolerated and more effective, will be developed.
Since b2-adrenoceptor agonists are believed to cause
airway smooth muscle to relax primarily by increasing
intracellular levels of cyclic adenosine monophosphate
and opening potassium channels, attempts have been
made to imitate these effects with other substances,
such as nonselective phosphodiesterase inhibitors and
potassium channel openers. These drugs were shown
to be far less effective as bronchodilators compared to
b-adrenoceptor agonists, and their application at
higher doses was limited by marked side-effects.
Therefore, current drug research focuses primarily
on the development of new substances that interfere
with pathways of inflammation and those that might
provide preventive approaches for the treatment of
asthma.

Established therapy and its further development
The established treatment of asthma primarily
comprises two classes of drug, bronchodilators and
anti-inflammatory/immunosuppressive drugs. By far
the most effective bronchodilators in asthma are
b2-adrenoceptoragonists. Inhaled short-acting b2adrenoceptoragonists or, less frequently, anticholinergic drugs are used either on an as required basis,
prophylactically, i.e. prior to exercise, or as rescue
medication. Anti-inflammatory glucocorticoids are
primarily long-term medications and are aimed at the
treatment of airway inflammation and responsiveness
[3]. In very selected cases, disodium cromoglycate
and nedocromil are available as alternatives to treatment with very low doses of inhaled steroids. Because
of their significant side-effects, systemic steroids are
used exclusively for the treatment of severe asthma or
asthma exacerbations against which other therapies
exhibit insufficient effects.
Bronchodilators
b2-Adrenoceptor agonists. For decades, b2-adrenoceptor agonists have been among the most important
drug classes for the treatment of bronchial asthma.
In the meanwhile, short- and long-acting inhaled
b2-adrenoceptor agonists have become available. It is
recommended that short-acting preparations (e.g.
fenoterol, salbutamol and terbutaline) be used on an
as needed basis, whereas the long-acting preparations
(salmeterol and formoterol) should be used in
combination with inhaled glucocorticoids within the
framework of the long-term treatment. Both short- and
long-acting preparations possess reliable bronchodilator
effects. Moreover, there is some evidence that shortacting b2-adrenoceptor agonists also exhibit antiinflammatory effects [4], although direct proof in vivo
has been difficult to obtain. In this context, the effect

Anticholinergics. Relaxation of airway smooth muscle
can be effected by stimulation of the adrenergic
nervous system through b2-adrenoceptor agonists,
on the one hand, and, on the other, by inhibition of
the cholinergic nervous system by anticholinergic
drugs. However, antagonists of muscarinic receptors,
such as the short-acting ipratropium bromide, which
nonselectively inhibit the effect of acetylcholine on
muscarinic receptors, play only a minor role in
the treatment of asthma. Ipratropium bromide is
administered by inhalation and is primarily used as an
"as-needed medication" in cases of intolerance of
b-agonists. Since newly developed long-acting anticholinergics are primarily used in the treatment of
chronic obstructive pulmonary disease [7, 8] they will
not be discussed further here.
Anti-inflammatory therapy
Mediators such as prostanoids, histamine, leukotrienes, cytokines, chemokines and immunoglobulins
are believed to play a central role in the pathogenesis
and maintenance of airway inflammation in asthma.
Their individual contributions, effects and origins are
currently under intense investigation. Better understanding of these pathways could contribute to
unravelling the mode of action of the currently used
and effective classes of drugs (e.g. glucocorticoids)
and might identify new targets for asthma therapy.
Anti-inflammatory or immunosuppressive therapy
can intervene at the levels of synthesis, release and
effects of inflammatory mediators. Conceptually,
improved understanding of the regulatory mechanisms should lead to a more specific and hence more
effective form of therapy. However, whether such
specific approaches will lead to the expected effects
in vivo must be evaluated in clinical studies. The
development of such "tailor-made" interventions will
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be complicated by differences between species, since
results from animal studies, in general, are only of
limited predictive value in the clinical setting; this is
even more evident from data from recent clinical
trials, reviewed later.
Glucocorticoids. Glucocorticoids are the most effective
anti-inflammatory drugs used in the treatment of
asthma. Clinical studies have shown that steroids
primarily affect the allergic late-phase reaction [9].
Although asthma can be controlled with high doses of
systemic steroids (prednisone, prednisolone, methylprednisolone, fluocortolone and triamcinolone) in
almost every patient, the use of systemic steroids
over a longer period of time is limited by marked sideeffects.
Inhaled steroids (budesonide, beclometasone dipropionate (BDP), flunisolide and fluticasone), which in
low doses have hardly any unwanted effects, although
side-effects have been described at high doses, have
been available since the early 1970s. Inhaled corticosteroids are currently the drugs of first choice in the
long-term treatment of asthma, and are the only drugs
for the treatment of this condition that have a
documented effect on mortality [10].
The effect of glucocorticoids is mediated via a
cytoplasmic glucocorticoid receptor. Bound to this
receptor, steroids enter the nucleus, where they regulate gene transcription; synthesis of proinflammatory
cytokines is increased and that of anti-inflammatory
cytokines enhanced [11]. It has been speculated that
the anti-inflammatory effects of steroids are mediated mainly by inactivation of transcription factors,
whereas the unwanted effects result primarily from
binding of steroids to deoxyribonucleic acid [12]. On
this basis, drug development has been aimed at
developing steroids with an improved ratio of desired
to unwanted effects, e.g. transactivation/transrepression ratio. Whether this concept holds true in clinical
practice remains to be evaluated.
Additionally, glucocorticoids with novel pharmacokinetic profiles are currently being tested [13]. Even
modern inhaled glucocorticoids, such as fluticasone,
with high lipophilicity, are absorbed via the lung after
topical application and may, therefore, still exert sideeffects despite a high degree of first-pass metabolism
[13, 14]. Therefore, efforts are being made to develop
steroids, which are metabolized locally in the lung or
in the plasma and/or are not absorbed at mucous
membranes, e.g. ciclesonide [15].
Furthermore, the increasing avoidance of chlorofluorocarbon (CFC)-containing products has led to
the development of novel metered-dose inhalers.
CFC-free hydroflouralkane-containing BDP was
shown to have an improved deposition profile
compared to CFC-BDP reaching the small airways
[16]. This might have consequences for the dosage and
the treatment of patients with inflammation of
primarily the small airways.
Cromones
Although disodium cromoglycate and nedocromil
have been used in the treatment of asthma for many

years, their mode of action remains unknown. Clinical
studies have shown that they exert almost no
bronchodilatory effect, while reducing both the early
and the late allergic response [9]. These drugs are safe
and, in selected patients with mild asthma, might be
used as an alternative anti-inflammatory therapy [17],
although low doses of inhaled steroids are preferred at
present.
Methylxanthines
Nonselective inhibitors of cyclic nucleotide phosphodiesterase, such as theophylline, have been used in
the treatment of bronchial asthma for several decades
[18] and are still included in current guidelines [1, 19].
Alongside a moderate bronchodilatory effect [20,
21], phosphodiesterase inhibitors have been shown to
reduce airway inflammation [22, 23] and to be effective against early- and late-phase allergic responses.
The mechanisms by which methylxanthines exert these
effects appear to involve adenosine receptor antagonism [24–26] and, through elevation of intracellular
cyclic adenosine monophosphate concentrations [27,
28], a direct relaxant effect on smooth muscle, as well
as inhibition of mediator release from inflammatory
cells [29].
Clinical studies have shown that the effect of
theophylline on the early- and late-phase allergic
response cannot be explained by its mild bronchodilatory effect [20, 30], which, if at all, can be demonstrated only in response to very high doses that
are frequently accompanied by side-effects. It is
more likely that the effects on allergic response that
can be observed even after low doses of theophylline result from a direct effect on inflammatory cells
[22, 31].
Use of theophylline is frequently limited by its sideeffects, which probably result from nonselective
inhibition of phosphodiesterase isoenzymes. Therefore, in recent years, drug research has aimed at
developing selective phosphodiesterase inhibitors with
reduced side-effects.
Leukotriene receptor antagonists and synthase
inhibitors
Leukotrienes and histamine are the most important
mediators in allergic asthma [32], and are released
after contact with allergen from mast cells, eosinophils
and basophils. Although antihistamines have no
proven and documented effect in asthma, "antileukotrienes" have been developed that inhibit either the
synthesis of leukotrienes (5-lipoxygenase inhibitors) or
the interaction of leukotrienes with their receptors. To
date, three drugs from this class of anti-leukotrienes
that have been approved for the combination with
inhaled steroids in different parts of the world,
the leukotriene receptor antagonists, montelukast,
zafirlukast and pranlukast [33]. In clinical studies,
montelukast was shown to reduce allergen- and
exercise-induced bronchoconstriction. Other studies
demonstrated that inhibition of the leukotriene
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pathway might decrease asthma symptoms, increase
lung function and reduce the use of rescue medication
[34]. However, only a certain subgroup of patients,
including some patients with severe asthma, appear to
respond to treatment with antileukotrienes. Although
it has been indicated that patients with aspirininduced asthma might benefit from this treatment
[35], it is, unfortunately, not possible to identify the
subgroup in advance.
Combination therapy
Inhaled steroid preparations, alone or in combination
with long-acting b2-adrenoceptor agonists [36], form
the basis of the long-term treatment of asthma.
Dependent on asthma severity, this combination of
drugs can be supplemented with the phosphodiesterase inhibitor, theophylline, not only because of its
mild bronchodilating effects but also because of its
suggested steroid-sparing effects [37].
Combining glucocorticoids and b2-adrenoceptor
agonists
Combination inhalers that contain a long-acting
b2-adrenoceptor agonist and an inhaled steroid, i.e.
salmeterol/fluticasone-dipropionate [36, 38–40] and
formoterol/budesonide [6, 41] have very recently been
approved for the treatment of asthma and chronic
obstructive pulmonary disease. The fixed combination is at least as effective as both of its components
are individually and has the advantage that only
one inhaler has to be used by the patient, which is
expected, although not proven, to increase adherence
to therapy [38]. Furthermore, it has been indicated
that addition of a long-acting b2-adreoceptor agonist
to an inhaled steroid provides greater clinical advantage than doubling the dose of inhaled steroids in
patients with symptomatic asthma [36, 42]. The combination of both drugs in one inhaler influences neither
the pharmacodynamic and pharmacokinetic characteristics nor the side-effect profiles of the individual
substances [40].
Combining glucocorticoids and theophylline
Similar to findings with long-acting b2-adrenoceptor
agonists, theophylline can have a steroid-sparing effect,
i.e. addition of theophylline might result in similar or
even greater clinical benefit than doubling the dose of
inhaled steroid [37, 43].
Combining glucocorticoids and antileukotrienes
Like long-acting b2-adrenoceptor agonists and
theophylline, leukotriene receptor antagonists have
been demonstrated in a recently published clinical
trial, to have a steroid-sparing effect. Addition of
the leukotriene receptor agonist montelukast to the
current treatment reduced the need for inhaled corticosteroids among patients requiring moderate-to-high
doses of corticosteroid to maintain asthma control
[44].
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Clinical approach
According to guidelines, asthma severity can be
classified as intermittent, mild persistent, moderate
persistent or severe persistent based on a standardized
assessment of asthma symptoms and lung function in
combination with the current medication [1, 17, 45].
Although these classification criteria were published
in 1995, the categories are still valid and are likely to
be retained in the next Global Initiative for Asthma
guidelines, which will be published in the near future.
The clinical classification of asthma severity forms the
basis of the stepwise approach to asthma pharmacotherapy. However, in addition to and regardless of the
severity or "step", an important goal should always
be the avoidance or control of asthma triggers. The
"step" approach is represented in table 1.
In general, asthma medication can be divided into
two groups: 1) controllers, such as corticosteroids,
that are taken daily on a long-term basis to get and
keep persistent asthma under control; and 2) relievers,
e.g. b2-adrenoceptor agonists, that act quickly to
relieve bronchoconstriction and its accompanying
acute symptoms such as cough, chest tightness and
wheezing, and which can also be used on an as needed
basis, i.e. as rescue medication.
In the treatment of patients with intermittent asthma
(Step 1), short-acting b2-adrenoceptor agonists should
be used on an as needed basis to relieve symptoms and
to prevent those which are provoked by exercise or
exposure to allergens. If control is not achieved and
symptoms require use of b2-adrenoceptor agonists
more than once a week, a stepping up should be
considered.
Patients with mild persistent asthma (Step 2)
should, in the first instance, be treated daily with
inhaled steroids, 200–500 mg, or, alternatively, with
cromones (see earlier comments) or sustained-release
theophylline. For the relief of acute symptoms,
inhaled b2-adrenoceptor agonists should be used at
levels not exceeding three or four applications in a
day. If the asthma is insufficiently controlled, the dose
of the inhaled steroid can be increased (up to 800 mg)
and/or a long-acting b2-adrenoceptor agonist added,
especially for persistent night-time symptoms.
Treatment of moderate persistent asthma (Step 3)
involves inhaled corticosteroids at 800–2,000 mg and the
use of long-acting b2-adrenoceptor agonists. Especially for night-time symptoms, sustained-release theophylline or long-acting oral b2-adrenoceptor agonists
can be added, and for the treatment of acute symptoms, short-acting bronchodilators should be used as
needed up to three or four times a day. The addition of a
long-acting b2-adrenoceptor agonist or low-dose theophylline might have the same or even a better effect than
doubling the dose of inhaled steroid. Treatment with an
antileukotriene can be a further option.
Patients with severe persistent asthma (Step 4)
should be treated with inhaled corticosteroids at
¢800–2,000 mg and long-acting b2-adrenoceptor
agonists and/or sustained-release theophylline as
well as long-term oral corticosteroids. Short-acting
b2-adrenoceptor agonists should be used for the
relief of symptoms. During exacerbations, an oral
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Table 1. – Summary of the stepwise approach to asthma therapy*
Step and asthma severity

Clinical
features
before
treatment

1: intermittent

2: mild persistent

Intermittent
symptoms
v1?week-1
Night-time
symptoms
v2?month-1
Brief
exacerbations
(hours to days)
Asymptomatic
and normal
lung function
between
exacerbations
PEF or FEV1
w80% pred;
variability v20%

Symptoms w1?week-1
but v1?day-1
Exacerbations
may affect
activity
and sleep
Night-time
symptoms
w2?month-1
PEF or FEV1
¢80% pred;
variability
v20–30%

Symptoms daily
Exacerbations
affect activity
and sleep
Night-time
symptoms
w1?week-1
Daily use
of inhaled
short-acting
b2-agonist
PEF or FEV1 w60–
v80% pred;
variability w30%

Continuous
symptoms
Frequent
exacerbations
Frequent
night-time
symptoms
Physical
activities limited
by symptoms
PEF or FEV1
v60% pred;
variability w30%

Low dose
inhaled steroid
(400 mg)

Conventional approach
High-dose
inhaled steroid
(doubling of low
dose up to 2 mg)
New approach
Low-dose
inhaled steroid
plus long-acting inhaled
b2-agonist
(salmeterol or formoterol,
also in fixed
combination),
plus low dose
theophyline or plus
anti-leukotriene
(montelukast,
zafirlucast)
Inhaled b2-agonist
v3–4 doses?week-1

High-dose inhaled
steroids (0.8–2 mg)
Oral corticosteroid
long-term
plus long-acting
bronchodilator
(long-acting
b2-agonist
and/or
theophylline)
Additional
bronchodilators
Anticholinergics
Oral b2-agonists
Nebulizers

Controller
treatment

Reliever
treatment

Inhaled b2-agonist
v1 dose?week-1

3: moderate persistent

Inhaled b2-agonist
v3–4 doses?week-1

4: severe persistent

Inhaled b2-agonist
as needed
for symptoms

*: according to current guidelines [1]; Note the treatment choices at Step 3. It has recently been shown that the addition of
long-acting b2-adrenoceptor agonists, low-dose theophylline or antileukotrienes is equally or even more effective than
doubling the dose of inhaled steroid. (Adapted from [1]).

corticosteroid may be needed at any time and at any
step. If control is sustained at any of the four steps for
¢3 months, the possibility of a gradual stepwise
reduction in treatment should be evaluated.
Treatment options
The established therapeutic strategies, as recommended by current guidelines and based on an
understanding of the pathophysiological and immunological mechanisms of asthma have been discussed
above. There are many more approaches and new
developments such as specific immunotherapy and
cytokine, chemokine or adhesion molecule agonists/
antagonists as well as monoclonal antibodies, which
are partly reviewed in other articles in this supplement. Treatment choices differ between countries and
must take into account the convenience to the patient
and the occurrence of side-effects. Additionally, the

cost of the therapy and reimbursement policies also
influence therapeutic strategies.
It appears, however, despite all the effort put into
developing new strategies for the treatment of asthma,
established drug entities such as b2-adrenoceptor
agonists with a long duration of action and inhaled
corticosteroids remain the first-line therapy recommended by current guidelines. In general, today9s
combinations of drugs that primarily relieve airway
smooth muscle tone with those having a controller
effect on airway inflammation will remain tomorrow9s
treatment for the foreseeable future.
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