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Chapter |

General introduction






Asthma is a chronic inflammatory disorder of the airways in which many cell types
play a role, including mast cells and eosinophils. In susceptible individuals this
inflammation causes symptoms which are usually associated with widespread but
varigble airflow obstruction that is often reversible either spontanesocusly or with
treatment. [ also causes an associated increase in airway responsiveness to a
variety of stimuli.’ The disease is usually diagnesed by a history of episodes with
symptoms cf cough, wheeze, breathlessness and sputum production, caused by
chronic or recurrent airway obstruction. Symptoms can be provoked by viral
respiratory infections, exposure to allergens, cigarette smoke, SO, and other
irritants. Exercise-induced asthma® and noctumal symptoms® are frequently seen.
This thesis deals with the effect of long-term pharmacsutical intervention on
childhood asthma.

1.1. Genetics

Asthma seems 10 be inherited in a multifactorial way.™ Allergy to cne or more
allergens is a common feature in asthmatic patients, and recently Cookson et al’
identified a gene locus on chromosome 11 which codes for IgE
hyperresponsiveness, represented by an elevated level of IgE . They showed that
85 percent of subjects with this gene had symptoms of allergy, 80 percent had a
wheeze and in 20 percent the diagnosis asthma had been established. Asthma and
IgE nyperresponsiveness can be transmitted from donor to recipient of an allogenic
bone marrow transplant. This suggests that specific cells which proliferate in bone
marrow induce asthma and IgE hyperresponsiveness in the recipient’ These
findings suggest that asthma is not merely a disease of the lungs, but might be
considered as a dysfunction of bone marrow cells, probably of a lymphocyte
subset.’

1.2. Environmental factors

It is unknown what exactly causes the variation in expression of asthma. There is a
positive relation between the number of allergens 1o which one is sensitized and the
severity of asthma,’”® which suggests that external factors like allergen exposure
contribute to the expression of asthma. This has recently been proven for house



dust mite'. There is much discussion about the role that viral infections play in the
expression of asthma. Respiratory syncytial (RS} virus is associated with recurrent
wheeze. in an uncontrelled study Rooney et al.” showed that this occurred in 35 of
62 children but they could not exclude confounding by genstic factors as both
patients and their families had an increased prevalence of atopy. In ancther
uncontrolied study Webb™ et al. did not find any difference in personal or family
history of atopy between children with and without respiratory symptoms three and
a half year after RS-bronchiolitis. Several controlled studies with a follow-up of 7-10
years have shown an increase in respiratory symptoms amongst children after a
proven infection with RS virus independent of atopy in these children or their
relatives'™ . It was not clear whether there was a causal relation between the viral
infection and persisting symptoms or whether certain children had a preexisting
vulnerability of airways. The results of a study of Martinez et al.” showed a negative
refation between lung function prior to any lower respiratory tract iliness and
subseguent wheezing during the first year of life. In a longer follow-up study they
also showed that the number of viral infections and the time at which the first viral
infection manifests itself are associated with the subseguent degree of abnormality
of lung function.” Another external factor contributing to the expression of the
disease is the exposure to cigarette smoke.”® Children of smoking mothers are
more likely to develop asthma than children of non-smoking mothers, ™ the relative
risk being 2.1 to 2.5, Murray et al. showed recently that children with atopic
dermatitis were more prone to develop asthma when their mother smoked®
Martinez et al® found that this risk was increased independent of self-reported
respiratory symptoms by the parents. Cross-sectional studies have shown that
active cigarette smoking in children and adolescents is associated with chronic
respiratory symptormns.™® COther pollutants that may influence the expression of
asthma symptems are S0, which has been shown 1o increase airway
hyperresponsiveness after accidental exposure to a high concentration of this gas,®
and NO.¥ Both poliutants potentiate the effect of exercise in asthmatic subjects
with known exercise-induced asthma®® [n children exercise is an important
provoking factor for asthma symptoms. Exercise-induced asthma occurs in 70-80
percent of children with asthma®® Cold air inhalation may provoke asthma
symptoms, and is considered as an important trigger for exercise-induced
asthma.™*

it can be concluded that the expression of asthma can be influenced by many
environmenial factors.



1.3. Prevalence of asthma

The prevalence of asthma varies considerably in the various studies, ™™ dependent
on the definition used. Cne study™ suggests that by the age of 10 at least 20
percent of children will have had symptoms due to asthma. The estimated
prevalence of doctor’s diagnosed asthma decreases with age, being 5-10 percent
for 0-4 year old children, 5-6 percent for 5-14 year old children and 3-5 percent for
adolescents in the age of 1520 years. In childhood more boys than girls are
affected, but such a difference is not seen during adolescence. Longitudinal studies
which could explain why this difference in prevalence between sexes disapperars
with age are lacking. Some studies have locked at the change in prevalence of
asthma over time.* Burr et al.“ showed an increase among 12 year old children in
South Wales from & percent in 1973 to 12 percertt in 1988, Robertson et al.®® found
& huge increase in the history of asthma in 7 year old children in Melbourne: from
18.1 percent in 1864 to 46 percent in 1890, an increase of 141 percent. Among &-
13 year old Aberdeen children the asthma prevalences were 4.1 percent in 1964
and 10.2 percent in 1883.“ It is difficult to estimate to what extent the increase is
attributable to a better recognition of asthma, but all authors show an increase in
asthma prevalence.

Schwartz et al® showed that in a large subgroup of the Second National Health
and Nutritional Examination Survey the prevalence of asthma was 3 percent among
white and 7.2 percent among black children, After adjusting for age, sex, younger
maternal age, residence In the central city and family income black children still had
a 1.7 relative odds of having asthma, which suggests that asthma prevalence may
partly depend on race.

1.4. Characteristics of asthma
1.4.1. Morphology

Asthma is an inflammatory disease of the airways. From studies of bronchoalveolar
lavage fluid and bronchial biopsies it has become clear that inflammation is a
feature even in mild asthmatics.**® The inflammation in asthma is characterized by
activated eosinophils and mast cells in the bronchial mucosa, increased vascular
permeability, mucosal edema and epithelial damage.” Activated T-lymphocytes are
found in the submucosa and are now considered to play an important regulatory



role in the inflammatory process. The cyiokines IL3, LS and GM-CSF control
eosinophil production and survival fime in bone marrow and play a role in mast cell
differentistion after antigen contact. Other lympheokines have chemctactic effects on
neutrophils and ecsinophils. Activation of mast cells and macrophages leads to the
release of inflammatory mediators, which seem to be crucial in the initiation of the
early response after allergen provocaiion. These mediators cause constriction of
airway smooth muscle, mucus hypersecretion, stimulation of afferent nerve endings,
they recruit inflammatory cells and increase the permeability of airway epithelium
and endothelium of small blood vessels; this resuits in edema of the airway wall and
a change in airway wall mechanics.® During the late reaction after allergen
exposure both the number and the activation of eosinophils are increased;® these
cells are still present in broncheo-alveolar lavage fluid after more than 24 hours,
whereas neutrophils disappear within 4 hours. This suggests that eosinophils are
more important than neutrophils in the sustained inflammation of the late response,
which is associated with an increase in airway responsiveness.” The role of
neutrophils in asthma is controversial. They are present in bronchoalveolar lavage
fluid (BAL)® and in tissue sections of asthmatic airways.” In stable asthma the
percentage of neutrophils is not increased,” whereas the percentage of neutrophils
in BAL during the late phase reaction after allergen™ and toluene diisocyanate™ is
increased but not after plicatic acid in red cedar asthma.®

The surface of airway epithelium is partly damaged in asthma.”* A bicpsy study
comparing epithelial tight junciions in asthmatics, bronchitics and normal subjects
showed that these tight junctions might be deranged, which could be an
explanation for epithelial fragility.¥ A recent study in mild to moderately severe
asthmatics shows that with increasing density of eosinophils in bronchial mucosa,
both the incidence of cpening of tight junctions of epithelial ciliary cells and the
degree of widening of interceliular spaces in epithelium increased significantly.®
Thickening and hyalinization of the reticular layer (i.e., lamina reticularis) beneath the
basal membrane is a constant finding in asthma. This lesion is characieristic for
asthma, being present early on even when symptoms are mild.** The thickening is
due 1o subepithelial fibrosis as a result of myofibroblast activity.” The percentage of
bronchial wall occupied by bronchial smooth muscle shows a striking increase
during severe asthma attacks.”™™ The increase in muscle mass is largely attributable
to hyperplasia of individual muscle fibers and less to hypertrophy.®

Although the pathophysiclogy of asthma becomes more and more established, the
intricate play of inflammatory cells, nervous system and extracellular matrix has not
yet fully been disclosed.



1.4.2. Pathophysiology

Arrway caliber In patients with asthma is permanently or intermittently decreased.
This is considered o be mainly the consequence of airway inflammation.™ Because
in asthma the amount of airway smooth muscle is increased, its contractie
responses to histamine, msthacholine and exercise may be exaggerated.® In the
assessment of airway obstruction, forced expiratory volume in 1 second (FEV,) and
baseline peak expiratory flow {(PEF) are the most commeniy used indices of airway
caliber; other indices, such as airway resistance and specific airway conductance,
are more sensitive but less reproducible. Another way 1o look at airway obstruction
is the bronchodilator response, i.e. the improvement in airway caliber after a
bronchodilating agent. The bronchodilator response can be expressed in different
ways: as an absolute difference in FEV, before and after bronchodilation {delta FEV,
in liters), as a percentage of predicted FEV, {delta FEV, percent predicted) and as a
percentage of baseline FEV, (delta FEV, percent baseling). In children the best way
seems to be delta FEV, percent predicted,” as this is not dependent on height, age
and sex and is the least influenced by baseline value of FEV, of all ways of
expressing the bronchodilator response.

Another characteristic of asthma is airway hyperresponsiveness {AHR). This can be
distinguished in an increased sensitivity of airways to contractile stimull like viral
infections, cold air, chemical irritants such as SO, and cigarette smoke, and an
increased maximal response plateau. In the lzboratory the sensitivity can be
assessed by inhalation of increasing concentrations or dosages of histamine or
methachaline. This is usually expressed as the provocative concentration or dose of
histamine or methacheoline which causes a decrease in FEV, of 20 percent from
baseline (airway sensitivity)(PCFEV, or PD,FEV.). There is a weakly negalive
relation between airway caliber and AHR to histamine or methacholine: this is more
important in patients with chronic airflow obstruction with an initial FEV, below 70
percent of predicted® than in patients with asthma.® The maximal response plateau
indicates the degree of maximally achigvable airway narrowing. It is unmeasurable
in moderate tc severe asthmatics, intermediate in mild asthmatics and low in non-
astnmatics.”™ Apart from histamine or methacholine sensitivity airway sensitivity can
ke assessed by inhalation of coid air”, hyper- or hypoionic saline,” and by
exercise.” Mellis et al.”™ compared the responses to exercise and histamine in 50
asthmatic children. They found a higher incidence of a positive response with
histamine (90 percent) than with exercise (74 percent). Others had similar findings.”
Galdés-Sebaidt et al™ compared the responses to methacholine and cold air



hyperventilation in 21 children with asthma; 95 percent of the patients were
nyperresponsive 1o methacholine and 57 percent to cold air. From these and cther
studies™ ™™ it can be concluded that histamine and methachcline challenges are
the most sensitive tests: the percentage of patients with current symptomatic
asthma who are hyperresponsive to histamine or methachoiine™ is almost 100,
while only 70-80 percent have exercise-induced asthma®™" and 57-100 percent are
hyperresponsive to cold air.®™ Diurnal or between days variation of PEF is another
indicator of AHR.™

The mechanisms which determine airway responsiveness and the reaction o
triggers are complex. In their review article Sterk et a2l give a schematic
explanation by distinguishing pre- and postjunctional mechanisms, which determine
a leftward shift of the dose-response curve (increased sensitivity) and an increase in
maximal response plateau, respectively. Prejunctional mechanisms include epithelial
damage or malfunction, neural conirgl, number and activation grade of
inflammatory cells, cell-cell interaction, and metabolism or absorption of mediators,
whereas postjunctional mechanisms include smooth muscle contraction, swelling of
the airway wall, viscous and elastic |oad on the airway and intraiuminal exsudate
and secretions. Histamine is likely to have its primary site of action on neural conirol
and smooth muscle,” methacholine on smooth muscie,” and exercise at the
mucosal level® PEF varigtion might well be the expression of the spontaneous
changes in smooth muscle contraction and the swelling of airway mucosa as the
resuli of various interacting mechanisms.

1.5. Airway hyperresponsiveness and inflammation

The relation between AHR (sensitivity) and inflammation is well established ™ Mast
cells and eosinophils are considered as the primary effector cells for allergic
asthma. T-cells play an orchestrating role causing infllmmation in asthma.® (see
also 1.4.1.) This concept led to several studies which looked at the relation between
cellular eavents (numbers of inflammatory cells, cell activation) and AHR. A highly
significant positive relation was found between methacholing responsiveness and
the number of metachromatic cells and eosinophils in BAL fluid.® in this study the
concentration of major basic protein (MBP) in BAL fluid as an indicator of
eosinophilic aciivation, was not different in asthmatics and non-asthmatics, In a
study by Wardlaw et al® mean eosinophil count in BAL fluid was higher in mild
symptematic hyperresponsive asthmatics than in non-symptomatic asthmatics, hay



fever patients and healthy subjects. This difference was due to 2 symptomatic
asthma patients, most symptomatic asthmatics having similar eosinophil counts
compared to the subjects in the other groups. More important is their finding that
MBP was significantly increased in the symptomatic group and differed significantly
between normal and hyperresponsive patients, This suggests that AMR is mediated
by products derived from ecsinophils. This study also suggests that the activation
state and not just the presence of inflammatory cells is important in causing AHR.
Bradiey et al® found & positive correlation between the ratio of activated
leukocytes/eosinophils in bronchial biopsies and methacholine PC,. An acute
inflammatory reaction (such as after infiuenza vaccination™®), the late reaction after
exposure to allergen™®® and the late reaction after inhalation of toluens-
diisocyanate™ cause both an inflammatory reaction and a temporary increase in
AHR in patients with asthma. A recent study™ showed a reduction in the number of
epithelial and mucosal mast cells, =sosinophils and submucosal T lymphocytes
together with a decrease in airway responsiveness to methacholine after 8 weeks of
treatment with inhaled corticostercid, but no change in the extent of mast cell and
eosinophil degranulation, which means that the inflammatory process was only
partly switched off. Lundgren et al.* performed a biopsy study in 6 adult patients
with severe intrinsic asthma before and after 10 years treatment with 200-1600 pg
inhaled corticosteroid per day, and compared the findings with biopsies taken from
healthy controls. They found that the number of inflammatory cells {which was
increased in the asthmatic patients before the treatment) had normalised and
epithelial damage had decreased although PC, to methacholine was still highly
abnormal. In this study celi activation was not measured. These observations
suggest that airway inflammation, expressed as the presence of an increased
number of inflammatory cells in the airways, and AHR are not completely
interchangeable.

1.6. Indicators for the activity of asthma

Assessment of asthma severity usually inciudes history, physical examination, drug
reguirement and lung function tesis. Physical examination in asthma is often
misieading. Assessment of airway caliber by lung function tests is the most
objective measurement but shows a considerable variation over time. Drug
requirement is influenced by the ability of the patient to perceive airway
obstruction®™ and o folerate symptoms, and by personal lifestyle. Not all patients



with symptoms of asthma exhibit AHR when challenged with histamine,
methacholine or exercise. Conversely, not all patients with AHR have symptoms. A
review of the literature™ on both cross-sectional and lengitudinal studies shows a
positive overall relation between the severity of asthma symptoms and the degree
of airway responsiveness, but within subjects the relationship is weaker™® This
might be explained by a discrepancy in the degree in which a certain stimulus
influences airway caliber and the complicated mechanism that determine AHR,”®
and also by differences in sensitivity of measurement methods and in patient
perception of airway narrowing.” This implies that histamine/methacholine
hypersensitivity is not synonymous with asthma™'® PEF variation is another
indicator which is associated with the severity of asthma.™ But as for AHR, PEF
variation in normals and asthmatics shows a large overlap.™ Both severe AHR to
histamine/methacholine and a large diurnal PEF variation are associated with the
frequency of asthrma exacerbations and asthma deaths."*'"™

1.7. Relation between asthma in children and asthma in adulls
1.7.1. The natural history of asthma from childhood to aduilthood

Several studies addressed the natural history of asthma. Because of intervention
which has changed with time, "natural history’ must be read as the history of
asthma patients under changing conditions. Data were partly collected
retrospectively by means of questionnaires, which has the potential risk of
preferential recall or underreporting of symptoms. Several retrospectve studies
have shown that after a follow-up period of 5-27 years 30-55 percent of subjects
whe had asthma in chidhood were symptom free. ™" Results of prospective
studies are in agreement with these figures. Blair performed a prospective study in
244 children under 12 years of age from a London general practice.”™ He followed
them up for 20 years and found that 52 percent had become symptom free for at
least the last two years, but that another 27 percent had a relapse of asthma after a
symptom free interval of at least 3 years. Bronnimann et al.™ did a prospective
study in 3454 subjects of the general population in Tucson, of whom 2300 were
followed up for 2 mean period of 9.4 years. Of this last group 136 had active
asthma in the first survey, and at the final survey 22 percent had a remission,
defined as no asthmatic attacks, no "freqguent" attacks of shortness of breath with
wheezing and no need for medication during the preceding year. Age ranged from



below 10 years to 78 years. The remission rate was highest in those between 10
and 18 years of age {65 percent) and lowest in those between 40 and 49 years of
age (8 percent). The longest prospective study, the ongoing study in
Melbourne™>"™, showed that in a sample (401 subjects) of a birth cohort 54 percent
with wheeze in childhood was symptom free at the age of 21 and 32 percent at the
age of 28. Gerritsen et al."” completed a follow-up study of 118 asthmatic chiidren
between 8 and 14 years of age. Of these patients 101 were reinvestigated at an
age between 22 and 31 when 43 percent stil had asthma symptoms. Peat et al.™
conducted a prospective study in a population-based sample of 380 schoolchildren
in whom they investigated the prevalence of respiratory symptoms and AHR to
histamine (sensitivity) on 3 cccasions at 2-year intervals. They found a high
correlation between the initial degree of AHR and ongoing respiratory symptoms: of
those children who had severe or moderate AHR on the first occasion 87 percent
had current respiratory symptoms 4 years later. An observaiional study'™ that was
published recently suggesis that long-standing asthma may lead to chronic
persistent airway obstruction and thereby mimic chronic bronchitis and
smphysema.

1.7.2. Predictive factors for the course of asthma

From the prospecive study in Australia it has become clear that airway caliber
{FEV, percent predicted) at the age of 14 has predictive value for the presence of
asthma symptoms at the age of 21."*™ Gerritsen et al'” have shown that both
airway caliber and AHR (sensitivity) to histamine at ages of 6 10 14 years are
predictors for the presence of asthma symptoms bstween 22 and 31 years of age.
Their data do not darify whether these factors predict the course of asthma
independently. Although these predictors may be valid for groups of patients their
value for individuals has not been studied. A further follow-up of the Ausiralian
study cohert at age 28 vears’™ reveals that wheeze at the age of 14 has a
predictive value for the severity of asthma in later life: of those with few symptoms
at age 14, 73 percent contnued to have little or no asthma at age 28, and 68
percent of those with frequent wheezing at age 14 still had recurrent asthma at age
28.

Eczema in early childhood is another predictive factor for persisting asthma in later
]-[fe-‘i11.113.121



1.8. Treatment of asthma

Current ireatment of asthma aims to reduce the inflammatory process.">'®
Because of the importance of allergy in maintaining inflammation and symptoms,
allergen avoidance would be the first measure 10 be taken, according o advice of
international consensus reports.”™® A number of studies show that avoidance of
aliergen diminishes asthma symptoms and the need for drug therapy.™® Howsver,
in most asthmatics this is difficult to achieve and therefore drugs cannot be
avoided. The following drugs are currently used:

Bronchodilators

Beta,-agonists are the most frequently used drugs for the treatment of asthma in
children and adults. They are the most potent bronchedilators available.
Administration by inhalation is preferable to other routes because of the better
dose effect ratic and the quicker effect.

Pharmacology

Beta-agonists act directly on beta-adrenoceptors which activate the adenylate
cyclase system and then cause an increase in the intraceliular concentration of
cyciic AMP. This leads to activation of protein kinase, which inhibits the
phospharylation of myosin and decreases intracellular ionic calcium concentrations.
These processes resuit in relaxation of al airways from trachea to terminal
bronchicles.’ Beta,-agonists relax airway smooth muscle via beta-adrenergic
receptors,'® increase mucociliary transport,™ inhibit cholinergic transmission at the
gangiionic level™ and may modulate mediator release from mast celis and
basophils™'™ but not from eosinophils™ or macrophages.™ Of these actions, the
smooth-muscle-retaxing effect is considered to be the predominant mechanism. The
smooth muscle relaxing effect is present after contraction by various mediators
involved in asthma, such as acetyicholine, histamine, 5-hydroxytryptamine,
prostaglandine F,alpha, LTC4, LTD4 and substance P, as has been shown in
isolated human airway preparations.™ Beta,agonists have been shown to inhibit
plasma leakage in several microvascular beds in a number of animal models,™ but
data on humans are lacking. Long-acting beta,-agonists seem to have no effect on
inflammatory cells in BAL fluid and in bronchial biopsies.™™'®

Clinical effects.

The potent immediate bronchodilating effect of short-acting beta-agonists causes
quick relief of symptoms of asthma, which explains the favourite role these drugs

10



play in asthma treatment. The maximal effect is seen after 20 minutes, and the
duration of bronchodilation is 4-8 hours. The magnitude of the bronchodilating
effect is dependent on the severity of the airway obstruction and the dose of
agonist. In periods of increased disease activity high doses of an inhaled beta,-
a2gonist may be needed for a limited degree of improvement because of diminished
beta-receptor responsiveness™ or other mechanisms (possibly mucosal swelling).
Short-acting beta,-agonists have an acute protective effect but no long-term effect
on AHR (sensitivity). Some studies have reported a slight increase in AHR or a
transient rebound effect {Chapter [l). The additional effect of a beta,-agonist to
inhaled corticostercid on AHR has not yet been investigated. Short-acting beta,-
agonists prevent the early, but not the late, asthmatic response after antigen
challenge.” They also prevent the sarly asthmatic reaction after exercise." ™
They decrease dailly PEF variation slightly.’* Long-acting beta-agonists, like short-
acting beta,agonists, relieve symptoms of asthma by their bronchoedilating action,
with a maximal effect after about 1h and a duration of action of at least 12 hours."
They have a protective effect on AMR which lasts for 12-24h.'° No data are
available on the long-term effect of these drugs on AHR. They inhibit the allergen-
induced early and iate response'™ and decrease diurnal PEF variation, "™

Side eifects

Side effects are minor after inhalation of the recommended doses. Tremor is
sometimes mentionad; otheér rare side effects are palpitations, nervousness and
hypokalemia (the last especially after systemic administration). In recent discussions
some authors drew attention to the potentially harmful effects of beta-agonists on
symptoms, decline of airway caliber and fatal course of asthma in adults.™"™®
Similar observations in children have not been reported. Arguments have been
raised to prefer an on-demand prescription of beta,-agonists to daily treatment.™'®
Prospective long-term studies that can answer this question are lacking.

lpratropjum bromide s an anticholinergic drug which is inhaled; i bas
bronchodilating and mucus secretion inhibiting properties. lis bronchodilating effect
in asthma is inferior o that of beta,-agenists and therefore this is not the first choice
as an asthma drug. No antiinflammatory effects have been demonstrated.

Theophvlline has been widely used as a bronchodilator. The precise mode of action
is not known. Side effects include gastro-intestinal symptoms, disorders of sleeping,
behaviour and learning. Therefore it is no longer recommended as a therapy of
choice in asthma management.”'='=
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Antiinflammatory agents

Sodium cromoglvcate and nedocromil sodium

Disodium cromoglycate (DSCGE) is recommended as a front-line antinflammatory
drug for children with moderate asthma when maintenance freatment is
indicated.®"® Nedocromil sodium (NSO) is a pyranoquinocline dicarboxyiic acid
which is recommended as first line antiinflammatory drug for adults with moderate
asthma.’ The effect of this drug in children has not yet been definitely established.
Pharmacology

DSCG and NSO partly inhibit the IgE mediated release from human mast cells in a
dose-dependent way.”™ They also stabilize mast cells and inhibit activation of
gosinophils, neutrophils, macrophages and monocytes.™ ™ it has been suggested
that both drugs modulate inflammatory cell function by inhibition of protein kinase
C."™"™ Treatment of asthma patients with DSCG during 4 weeks resulted in a
significant decrease in the number of ecsinophils in BAL fluid.® Additional effects on
nerve reflexes have heen suggested. This theory derives from experiments in dogs
in which reflex-induced bronchocenstriction following stimulation of C-fiber sensory
nerve endings with capsaicin was blocked by prophylactic freatment with DSCG.™
The cough reflex which is provoked by inhalation of citric acid in the dog is blocked
by NSO and codeine phosphate but not by DSCG,"™ which suggests that NSO
suppresses cough-related nerve reflex activity in the bronchial tree. Chatterjee et
al.”™ showed an antitussive effect of NSC in humans,

Clinical effects

DSCGE and NSO have an immediate protective effect against bronchoconstriction
caused by various stimuli. NSO is 2-10 times more potent than sodium
cromoglycate in preveniing some forms of acute bronchoconstriction although
comparative studies are scarce."™™ The duration of the protective effect is 6-8h.
During maintenance treatment with either drug asthma symptoms improve.'®'®
They have no effect on airway caliber. DSCG does not have an acute protective or
long-term effect on AHR (sensitivity) (see Chapter il). Data on the effect of NSC on
AHR are limited, and the results are conflicting (Chapter H). In non-zllergic adult
patients long-term treatment with NSO reduces AHR.'Y Both DSCG and NSO
diminish PEF variation."™'® Prophylactic treatment with DSCG and NSO results in
inhibition of the early and late response after allergen provocation,”™"" and the
acute bronchoconstriction after exercise.™ The blockade of the late response after
allergen exposure is an important effect as the late response may cause a
sustained increase in AHR.™ DSCG and NSO may alsoc prevent an increase in AHR
during birch pollen season In patients who are sensitized for this allergen.”™™ in
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patients with exercise-induced airway narrowing DSCG and NSO have similar
effects on reducing the decrease in FEV,.""™ Not all patients benefit equally frem
DSCG, and there are no predictors that can help identify patients who will benefit
from this drug. Therefore, a trial period of 6-8 weeks is recommeanded.”™

Side effects

No serious side effects have been reported. The only occasional compiaint is cough
after inhalation of sodium cromoglycate as dry powder.

Corticosteroids

Corticosteroids are currently the most effective anti-inflammatory drugs. Inhaled
corticosteroids are now recommended as first-line drug in all patients with severe
asthma and in those with moderate asthma who do not respond adequately to a
maintenance treatment with DSCG (children) or NSC (adults)."™™

Pharmacology.

Corticosteroids exart their antiinflammatory effect through a variety of actions,
including interaction with arachidonic acid metabolism. They inhibit the production
of T-cell growth factor (interleukine 2) by lymphocytes,™ which induces proliferation
of responsive T-lymphocytes and reduces migration of monocytes to sites of
inflammation.” Corticosteroids suppress monocyte and neutrophil activation,
manifested by a reduction in complement receptor expression.'™ In vitro effects that
have been shown are the suppression of release of mediators from alveolar
macrophages™ and human basophiis'™ but not from mast cells.'® Other effects are
the reduction of the number of eosinophils in blood and tissues, and in a rat model
they inhibit eosinophil degranulation.'™ Corticostercids reduce microvascular
lezkage caused by inflammatory mediators,'™ stimulate bronchial ciliogenesis,'
repair epithelial damage'™ and paotentiate the relaxing effect of beta-recepiors on
airway smooth muscle.™

Clinical effects.

A single dose of beclomethasone dipropionate causes a small improvement of
airway caliber and AHR (sensitivity)’® and does not influence exercise-induced
airway narrowing.'® Long-term treatment with inhaled corticosteroids improves
airway caliber and reduces AHR {sensitivity)."™ The effect on AHR depends on
dose and duration.”™ Data on the effect of longterm use of inhaled corticosteroid
on exercise-induced airway obstruction are conflicting. Some investigators did find
an effect,™™ while others did not'™ Long-term fireatment with inhaled
corticosteroids abolishes the early and late response after allergen exposure™,
improves the tolerance to an inhaled allergen (house dust mite)™ and decreases

13



the diumnal PEF variation."*®

Side effects

In children the maximal daily dose that is considered to be safe during long-term
treatment is 600-800 g™ At these dosages a slight dose-dependent suppression
of baseline adrenal coriicosteroid production with preservation of the stress
response has been detected, without any sign that this has dinical implications****®
Growth has always been a point of concern in children treated with corlicosteroid.
An overview of the [iterature shows that long-term administration of inhaled
corticosteroid with daily doses up to 800 pg at & maximum usually does not affect
height growth®?* A delay of puberty that occurs frequently in children with
asthma™ is likely to be the explanation for the disturbed growth patiern that was
seen by Littlewood et al.™ Some studies have been published on the short-term
effect of inhaled corticostercid on growth of the lower leg measured by
krnemometry.®™%° In a doubla-blind cross-over study shows a mean decrease of
growth of 0.38 mm per week on 800 pg and of 0.11 mm per week on 200 ug
budesonide was shown, compared 10 a normal growth of 0.63 mm per week during
the run-in period and 0.64 mm per week in the wash-ocut period.®™ Every period
(both run-in, treatment and wash-out) lasted 18 days. A more recent 8 week
study™ showed no influence of 400 ug, but a reduction of 0.28 mm per week dus
to 800 pg budesonide compared to a growth of 0.32 mm per week on placebo.
These publications led to a number of letters: one™' mentioned a similar decrease
of growth under 400 pg beclomethasone dipropicnate (BDP) during 4 weeks but no
reduction after 200 pg BDP, others™™® emphasized the importance of adeguate
treatment of asthma symptoms, rather than treatment that does not produce any
detectable effect on height increment. Another point that was made was that if the
findings of knemometry were extrapolated to a longer period, this would imply
serious growth disturbance in large groups of asthma patients, which is simply not
seen™ A recent study from our own group has shown that 400-800 pg
budesonide does not impair height growth in asthmatic adolescents.™ Inhaled
corticosteroids reduce total body calcium, osteocalcin and bone density in a dose-
dependent way.®**" Most studies were performed in healthy volunteers over a short
pericd. it is unclear what the clinical implications of these findings are. No data exist
in children because of msthodological difficulties in studying this phenomenon in
growing subjects. Other side effects are dysphonia and oropharyngeal candidiasis,
both with a low incidence in children. Rare side effects are cataract™ and skin
atrophy,™ but they have never been reported in children.
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Other anti-asthma drugs

Antihistamines have a weak effect on asthma symptoms after several weeks of
therapy. Most antihistamines have side effects on the central nervous system,
especially sleepiness. They are mainly indicated for patients who, besides asthma,
have additional symptoms of allergy, like eczema and rhinitis, which cannct be
treated adequately with local therapy.

1.8. Purpose and design of the study

In this study the hypothesis was tested that in children with asthma, long-term
intervention directed at suppression of inflammation and increase of airway caliber
i supeérior to long-term intervention directed at increase of airway caliber only.

The study was part of a national mukicenter study on long-term intervention in
chronic non-specific lung disease in which children with asthma and adults with
asthma and chronic obstructive pulmonary disease participated. Furthermare
growth of lungs and zirways in children with asthma was investigated. All studies
were sponsored by the Dutch government, as part of the so-called "Stimulation
Program", a program which supports clinical research in selected areas with a high
burden of costs. For the intervention study there were two coordinators: one for the
children’s part, one for the adult's part. The data and coordinating center for
children was in Rotterdam, and for adults in Groningen. The children’s study was
carried out in three centers for pediattic respiratory medicine. Clinical endpoints
were symptoms (scale from 0 = no symptoms to 3 = many symptoms), use of
additional beta,agonist, temporary need for oral stercid (prednisolone), absence
from school and hospital admission because of asthma. Physiclogical endpoints
were airway caliber (FEV,, PEF), bronchodilator response {postbronchodilator FEV,
and PEF) and AHR (PD, histamine, PEF variation). AHR was only measured as
histamine sensitivity. When we planned the study the technique of measurement of
maximal response plateau (with methacholine instead of histaming) had not yet
been used in children so that we decided not to use this method in a large
multicenter study. Power calculations for group size were based on a 5 percent
difference in mean FEV, percent predicted after 3 years of treatment. Intervention
consisted of either a beta-agonist (salbutamol 0.2 mg) plus an inhaled
corticosteroid (budesonide 0.2 mg} 3 times daily, or a beta,-agonist (salbutamol 0.2
mg} plus placebo 3 times daily for = predefined study period of 3 years. Drugs
were administered by dosisaerosol, and all canisters were identical. Additional to
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the study medication patienis received a beta,-agonist (fenctercl 0.2 mg) in a
different outfit (dry powder), to be taken on demand with a maximum of 4 times
daily. in case of & severe exacerbation patients were ireated with a course of
prednisolone according to a standardized grotocot (starting at 30 mg on the first
day and reducing {0 zero mg in one week according to a scheme that depended
on body weight). The study was double-blind and randomized with stratification for
center, sex and previous use of cromoglycate and/or inhaled corticostercid. Before
entering the baselne period, patients discontinued their usual maintenance
treatment for at least 1 month (antinistamines), 2 weeks (sodium cromoglycate,
inhaled corticostercid} or 2 days (thecphylline). During the baseline pericd which
lasted 2-4 weeks the only medication allowed consisted of inhaled beta,-agonist on
demand. Protocols were designed for tapering off cromoglycate and inhaled
corticostercid, for intervention of exacerbations, and for withdrawal from the
intervention study. All measurements were performed during clinically stable periods
(Le. not within 4 weeks after an exacerbation andfor discontinuation of
prednisclone). Before the start of the study considerable effort was put into the
standardization of methods. Spiromeiry was performed using water sealed or dry
spirometers according to standard guidelines® Written guidelines for all fung
function measurements in the hospital were handed out to the respiratory function
technicians, who were trained at cne training session. Furthermore, site visits were
made by a group of lung function experts before the study and yearly thereafter to
check the methods used. in the various participating centers hospital pharmacists
were asked to prepare histamine solutions using an identical method. Qutput of all
histamine nebulizers was measured before the start of the study and checked once
a year in the pediatric lung function laboratory in Rofterdam. Nebulizers with an
output variation of > 10 percent were replaced. All parts of each nebulizer were
marked with waterproof paint to prevent interchanging. Patients were instructed and
checked in the use of dosisaercsols, in performing PEF measurement and in the
registration of symptoms, use of additional beta-agonist and prednisolone,
absence from school, hospital admission because of asthma and PEE. They were
instructed both verbally and written, by handing out an instruction and registration
booklet.

Randomization with stratification was performed by calling an independent
telephone center, where a computer had been installed for this purpose. Before the
start of the study, 2 feasibility study was undertaken to test patient selection
procedures and to investigate the number of patients that each center could
include into the study, to test iung function methods, data entry forms,
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randomization procedures, and to look for general shortcomings of the protocol.
This led to several adaptations in the final protocol.

Al data were collected and checked by the pedatric coordinating center in
Rotterdam tc ensure completeness and to prevent bias due to local procedures.
Interim analyses of the study data were made by an independent statistical center
every six months and reviewed by an independent data-monitoring committee.
investigators were kept blinded of the resulis of the interim analyses.

In this thesis we first describe what is known from the literature on the effect of
asthma drugs on airway responsiveness 1o histamine and methacholine {Chapter
).

Chapter Il describes the results of an acute effect study of an inhaled corticosteroid
on AHR (sensitivity) to methacholine.

In Chapter IV a study in children in which the effect of an inhaled corticosteroid was
compared with the effect of a beta,agonist on airway caliber, airway
responsiveness o methacholine and symptoms during a peried of 6 months is
described.

Chapter V describes the results of the first part of the multicenter study, in which
the effect of long-term treatment with an inhaled betaiagonist pius an inhaled
corticosteroid was compared with the effect of an inhaled beta,-agonist-only on
clinical endpoints, airway caliber, bronchodilator response and airway
responsiveness to histamine. This part had to be discontinued after 2 median
treatment period of 22 months because of the high withdrawal rate in the beta,-
agonist-only group.

The secend part of the study was concerned with the continugtion of the patients
on beta,-agonist plus inhaled corticosteroid up to 28 1o 36 months after
randomization, in which the further course of endpoints was studied and the
remission rate was evaluated. The results are described in Chapter VI

The third part deals with the effect of cessation of inhaled corticosteroid in those
children on inhaled corticosteroid who had a follow-up of at lsast 28 months on
July 1, 1881 (Chapter VII).
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2.1. Summary

The effects of the currently used anti-asthma drugs on BHR to histamine or
methachaiine are disappointing. Short-acting beta,-agonists give acute protection
which lasts only for a limited period of fime. Long-term administration does not
improve BHR. Long-acting beta,-agonists have an acute protective effect which
lasts for at least 24 hours. No data are available on their effect on BHR after long-
term administration. Other bronchodilators such as anticholinergic drugs exert either
no or a small acute short-lasting protection, but no change in BHR when
administered for weeks or months. The same is true for K, antihistarmines.
Treatment with inhaled corticosteroids, which have an anti-inflammatory action, often
results in a modest decrease in BHR. The duration of the improvement after
discontinuation of treatment seems to be short-lasting, but only three studies are
available in which this has been looked at systematically. Further studies are
needed to establish the influence of dose and duration of treatment in relation to
the severity of asthma.

Results of treatment with disedium cromoglycate, which also has anti-inflammatery
properiies, are disappointing. DSCG protects against the transient increase in BHR
after contact with allergen but offers no acute protection against histamine or
methacholineg chalienge. The limited data on nedocromil do not vet allow a
conclusion about the value of this drug in the moduiation of BHR. Studies on the
long-term effect of doses of DSCG and nedocromil which are higher than those
currently used are warranted.

2.2 Introduction

One of the characteristics of asthma is non-specific bronchial hyperresponsiveness
(BHF). BHR is defined as an increased tendency of airways to constrict after
contact with certain stimuli such as viral infections, cold air, cigarette smoke, and
chemical irritants such as S02. The degree of BHR is generally measured by
inhalation of histamine or methacholine in increasing dosages or concenirations.
Methods used are the dosimeter method and the tidal breathing technique, both of
which are equally valid with a within-subject reproducibility of one dose-step.™"*™
Values are often expressed as PD,FEV, or PC,FEV,, indicating the dose or
concentration, respectively, of histamine or methacholine at which a decrease of 20
% in baseline FEV, is reached, or as change in specific airway conductance
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(sGaw). The change in PD,, PC, or sGaw after drug administration can be
expressed as doubling dose (DD).

The cause of BHR is unknown. Inflammation seems to be an important factor.
Studies of bicpsy specimens indicate that in patients with stable asthma and BHR a
iow grade chronic inflammation of the airway wall may exist™** Exacerbations are
probably often accompanied by an acute inflammatory response during which BHR
increases transiently.

in adults with chronic obstructive lung disease, BHR is asscociated with progressive
loss of pulmonary function. BMR is also considered to be a risk factor for the
outcome of childhood asthma®™ Treatment which aims at suppression of BHR
seems therefore appropriate. This review summarizes the data published on the
effect of anti-asthma drugs on BHR to histamine or methacholing in subjects with
asthma.

Studies on the effect of drugs on BHR are of two types:

a) Acute protection studies, in which the shift of the dose-response curve is
determined immediately after drug administration.
b) Long-termn protecton studies in which patients have been treated for

weeks or months and BHR measurements are performed after a drug-
free interval of several hours.

2.3 Beta,-agonists.
2.3.1. Short-term effect.

A shift of the dose-response curve of histamine or methacholine to the right after a
single dose of a short-acting beta,-agonist has been demonstrated in & number of
studigg"®878 R TBANIAREIVII (Table 1), The increase in PD,, or PC, varies from
0.3 to 4.3 DD. The effect is more pronounced when the drug is inhaled than after
oral administration. Two studies™” indicate that it depends on the dose delivered.
Few data are available on the duration of the protection. Salome et al.” found this
to be shorter than 3 hours in all subjects, whereas the improvement in FEV, was
well maintained in most subjects 4 hours after drug administration. Ahrens et al.’
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and Joad et al.®® obtained similar results. Britton et al.® showed a logarithmic relation
between the dose of beta-agonist and the shift of the dose-response curve. The
observation by Salome et al.”™ that BHR returns more rapidly towards baseline than
FEV, indicates that the protecticn is not or only partially dependent on smooth
muscle relaxation. The few studies with long-acting beta,-agonists show an acute
effect on BHR that lasts 9.5 to at least 24 hours.™®™®% (Table 1}. The magnitude of
the effect, which is maximal after 1 hour, is 2.6-4.0 DD.

232 Long-termn effect

A number of studies have been published on the effect of long-term administration
of shori-acting beta,-agonists on BHR 1o histamine or methacholing®- 67283855
(Table 2).

Peel et al® found no significant difference in PC,, after 4 weeks of treatment with
200 pg salbutamol 4 times daily, and two weeks after discontinuation of the drug.
Wigbicke et al.® had similar results with 200 wg salbutamol 4 times daily during 3
weeks. Kraan et al.® looked at BHR in adults who received 500 pg terbutaline 4
times daily for 4 weeks. Measurements were performed 12-16 hours after
discontinuation of the drug. A small decrease in PC,, after 2 and 4 weeks {(-0.8 DD
and -0.5 DD), which was however within the intra-subject reproducibility of the
method, was observed. Van Schayck et al.® conducted a study of 1 year, during
which period patients were treated with 400 pg salbutamol 4 times daily. Their
histaming responsiveness increased slightly. The longest study until now was
performed by Haahtela et al.> who investigated the effect of 22 months treatment
with 375 wg terbutaline twice daily in adults. They found a small decrease in airway
responsivensss in those patients who remained in the siudy, which could have
been influenced by the high drop-out rate (10/38) because of symptoms. Kerrebijn
et al.,” investigating the effect of 6 months treatment with 500 pg terbutaline 3 times
daily in children, also found a small decrease in PD,. Tattersfield®™ suggested that
the findings of Kraan et al.® and Kerrekin et al* might be a result of patient
selection. Patients enrolled for long-term studies have 1o be in a stable condition, so
that the risk of deterioration s greater than the chance of improvement. Neither
study had a control group which might have shown a similar decrease in PD,.
Evidence supporting this conjecture comes from Raes et al.™ who locked at the
effect of 200 pg inhaled fencterol 3 times daily for 4 months and found a slight
increase in PD,, after 3 and 4 months. This was however within the intra-subject
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Table 1. Acute protection of beta,-agonlsts agalnst BHR to histamine or methacholine.

Reference
Casterline et al,(9)
Cockeroft et al.{17)

DeCotiis et al. {20)
Bandouvakis et al.(2)

Salome et ak(77)

Chung et al.(13)
Salome et al.{78)

Chung et al.{14}
Ahrens et al.(1}

Joad et al.(42)

Britton et al.(6)

Drug
salbutamol
sathutamo!

terbutaline
fenoterol

fenoterol

salbutamol
fenotaro!

salbutamol
salbutamot

metaproterencl

salbutamol

salbutamol

Route

IN
PO
IN
SC
IN

IN
PO
N
PO
IN
IN

IN
IN

N

Dose
{ne

170
4000
200
5/kg
800

400
5000
400
5600
200
100
200
400
200
20

180
1300
2600

200

5
30

200
1000

Interval
(minutes}

0
60
16
NS*
45

15
90
15
90
a0
15
16
15
30
30
120
240
30
120
240
30
120
240
30
120
240
30
240
16
15
15
16

Test

histamine
histarnine
histamine
methacholine
histamina
methacholine
histamine
histamine
methacholine
methachoeline
histamine
histamine
histamine
histamine
methacholine
histamine
histamine
histamine
histamine
histamine
histaming
histamine
histamine
histamine
histamine
tistamine
histamine
histamine
histamine
histamine
histamine
histamine
histamine

Mean change
in BHR (DD}

+3.6
+1.4
+3.6
+2.4
+3

+4

+24

+0.5 (

+3.8
+1.5
+2.5
+1.8
+1.9
+3.1
+3
+3
+1.1
0
+4.3
+2.7
+0.7
+2.86
+1.3
0
+3.6
+2

0
+2.8
0
+0.3
+1.9
+1.5
+3.0

(PD)
(PO}
(PC})
{PD)



Salome et al.(79)

Phillips et at.{67)

Higains et al.(37)
Twenlyman et al,(85)

Ramsdale et al.{74)

Campos Gongora

et al.(7)

Derom et al.{21)

Verberne et al.{92)

fenoterol

salbutamol

salbutamol

salbutamol
salmeterol

salbutamol
formoterol
formoterol
satbutamol
salmeterol
salmeterol
salbutamol
salmeterol
salmeterol

salmeterot

200

200

2500

18551
50

200
12
24

200
50§
504#

200
50

100
50

180
360

180

360
40
40
60
90

870
30
12h
30
12h
30
12h
60
12h
80
i2h
60
i2h
60
ieh
60
12h
60
12h

12h
24h

histamine
histamine
histamine
histamine
histamine
histamine
histamine
methacholine
histamine
histamine
histamine
methacholine
methacholine
methacholing
methacholine
methacholine
methacholine
histamine
histamine
histamine
histamine
histamine
histamine
methacholine
methacholine
methacholine
methacholine
methacholine
methacholine
methacholine
methacholine
methacholine

+3.6
+1.5
+0.6
+3.8
+1.9
+0.2
+3,2
+2.9
+2.3
+4.0
+3.0
+3.1

+3.8
+a.6
+4.3
+3.0
+1.8
-0.2
+2.4
+1.8
+1.8
+1.6
+1.9
+0.5
+2.4
+1.6
+3,2
+2.4
+3.8
+2.0
+1.2

NS = not stated

cumutative dose
metered dose inhalter
dry powder

Fhn =t o %

PD,, = PD,sCGaw,; sGaw = specific airway conductance



variability of the method. A study performed by Waalkens et al.® showed no effect
of 8 weeks treatment with 500 pg terbutaline 4 times daily on histamine
responsiveness in children. Van Essen-Zandviiet et al® performed a long-term
double blind parallel study in children. 58 patients were treated with salbutamol 200
ug plus placebo 3 times dally and 58 patients with & combination of 200 pg
salbutamol plus 200 pg budesonide for a median period of 22 months. In the group
treated with salbutamol-only no change in PD,, histamine was seen. Baseline airway
caliber remained unchanged in the majority of patients in all long-term studies.
Vathenen et al.” looked at the effect of stopping beta-agonist after a maintenance
treatment of 2 weeks. In a double-blind cross-over study 8 patients were treated
with terbutaline 750 pg or placebo 2 times daily. They concluded that treatment for
2 weeks impaired the ability of terbutaline to protect against histamine-induced
bronchoconstriction and was followed by a rebound increase in bronchial
responsiveness 23 hours after cessation of treatment. This increase, which was
maximal 23 hours after stopping terbutaline (1.5 DD difference between the two
treatments) might well be atiributable to day-to-day variation, as was discussed by
Postma et al.”. Wahedna et al.* did a similar cross-over placebo-controlied study
with salbutamol and broxaterol, a new beta-agonist during 3 weeks. They found a
progressive increase in PD, histamine after cessation of salbutamol with a
significant maximum difference of 1.65 DD compared to placebo, whereas this
difference after cessation of broxterol was smaller {0.79 DD) and not significant. The
clinical relevance of these findings is not clear.

No studies are availabie on the effect on BHR of long-term treatment with long-
acting beta,-agonists.

233. Conclusion

Beta,-agonists exert an acute protection against histamine- or methacholine induced
brenchocenstriction which lasts up to 3 hours. One study showed a logarithmic
relation between the dose of beta,-agonist and the degree of protection. Long-term
administration has no effect on BHR if this is measured more than 6 hours after
drug discontinuation. Only short-term studies have been performed with the recent-
ly developed long-acting inhaled beta,-agonists.
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Table 2. Long-term effect of inhaled beta,-agonists on BHR to histamine or methacholine.

Reference Drug and Dally Duration Test Interval Mean change
frequency dose {1G) in BHR (DD)

Aduits:

Peel of al.{65) salbutamol 800 1mo histamine >6h 0.3 {PC)

n=8 q.id. 2wk  +0.5 (PC)

Kraan et al.{48) terbutaline 2000 2wk methacholine >12h -0.8 (PQ)

n=17 a.i.d. >12h -0.5 (PC)

2wk  +0.1 (PC)
4wk  -0.3 (PC)

Van Schayck salbutamol 1600 12 mo histamine >8h -03{PC)
et al(89) gid.
n=15
Wiebicke et al.  salbutamol 800 3wk histamine >6h +0.6 (PC.,,)*
(98 n= 12 q.id. methacholine >6h 0 (PCo)*
Haahtela et al. terbutaline 750 22 mo histamine 6h +0.3 (PC)T
39 n =43 b.id.
Children:
Kerrebin terbutaline 1500 1 mo methacholine 12h -0.9 (PD)
et al(45) tid. 3mo 12h 0.8 (PD)
n=7 8 mo 12h 0.8 (D)
Raes fenoterol 800 1 mo histamine 1i2h +01 PD)
et al(72) tid. 2 mo 12h +0.2 (PD)
n=3 3mo i2h +1.1 (PD)

4 mo 12h +1.9 (PD)
Waalkens terbutaline 2000 4wk histamine >12h -0.5{PC)
et al.{93) q.i.ch 8 wk =12h 0.1 {PC}
n=12
Van Essen- satbutamol 600 22 mao histamine 8h 0 (PD)
Zanavliet et al.
(86) n = 58

*PC,e = provocative concentration which causes an increase in sRaw by 100%; sRaw =
specific airway resistance
1PC,, = provocative concentration which causes a decrease in FEV, by 15%

2.4.  Anticholinergic drugs
24.1. Shortterm effect

Several investigators have looked at the acute effect of anticholinergic drugs on
BHR to histamine and methacholing®i4 2187273885 Tahle 3 summarizes the results
of the studies with histamine. which show a maximal increase in PD,/PC, of 1.8
DD. Britton et al.° looked at 4 different doses of ipratropium bromide and found that
increasing dosages resulied in further improvement of airway caliber, but not in
PD,,. These figures support the observation of Salome et al.™ that protection and
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bronchodilatation are not closely associated. lhre et al™ also icoked at the effect of
different doses of ipratropium bromide, but they did not find & relation between
dose and airway caliber. In contrast to what Britton et 2.’ found they showed a
higher protective effect on histamine sensitivity, without differences between the
doses. Bandouvakis et al? found a late bronchoconstrictive reaction 5-12 hours
after methacholine inhalation in 4 patients with a PC,, 10 methacholine of 75-320 ng.
They termed this a late asthmatic response comparable to the late response after
allergen inhalation. In two other patients with PCs of 420 and 480 ug no late
reaction was seen. it was suggested that this could be an effect of stimulation of
cholinergic receptors on mast cells and subsequent degranulation and mediator
release. No data are available on the duration of the protective effect.

24.2. Long-term effect,

Hardly any data exist on the effect of long-term treatment with antichelinergic drugs
on BHR. {Table 4). Newcomb &t al.® treated 9 asthmatic adults with 80 pg ipratro-
pium bromide 4 times daily for 3 weeks and found a slight decrgase of PC, to
methacholine 24 hours after discontinuation of medication (0.2 DD) but no
decrease after 48 hours. They explained this as a transient supersensitivity because
of cholinergic receptor upregulation. 12 hours after withdrawal of medication
sensitivity to methacholine was still somewhat reduced. This indicates that the effect
of ipratropium on rmuscarinic receptors may last longer than its bronchoditator
effect. BHR to histamine was not measured. Sly et al.* treated 31 asthmatic children
with 40 pg ipratropium bromide 3 times daily for 4 weeks. Airway caliber did not
increase but there was a slight increase in PD, to histamine of +0.7 DDj;
measurements were performed after a drug-free interval of 8 hours. Raes et al.™
looked at the effect of 40 pg ipratropium bromide 3 times daily for 4 months on
PD,, to histamine in § asthmatic children. No significant effect (+ 0.5 DD) was seen
and no muscarinic receptor upregulation was observed.,

243 Cenclusion.
Anticholinergic drugs have only a weak acute protective effect on BHR to histamine

in spite of bronchodilatation. There is no relation between the degree of
bronchodilatation and protection. Data on z possible transient increase in BHR to
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methacholine after discontinuation of ipratropium bromide are incompiete. Long-
term treatment with anticholinergic drugs does not seem to have a significant effect
on BHR to histamine.

Table 3. Acute prctecﬂon of antlcheolinergics agzinst BHR to histamine.

Reference Drug Route Dose Interval Mean change
(g} {minutes) in BHR (BD)
Casterline et al.(8)  atropine sulfate IN 5000 10 +1.5 (PD)
Cockeroft et al.(17)  ipratropium bromide IN 40 &0 +1.5 {PC}
atropine sulfate IN 280 60 +1.2 (PC)
Woenne et al.(97) ipratropium bromide IN 80 30 ~0.2 (PD)
Bandouvakis et al.(2) ipratropium bromide IN 80 45 +0.7 (PD)
Chung et al.{13) atroping methonitrate PO 4000 45 +1.5 (PD)
Clarke et &l.(15) ipratropium bromide IN 40 10 +1.0 (CBU)
Eiser et al.{256) atropine methonitrate N 1500 30 *
Britton et al. (8) ipratropivm bromide IN 5 40 +0.2 (PD)
30 40 -0.5 (PD}
200 40 +0.3 (PD)
1000 40 +0.2 (PD)
Saiome et al.{7g) ipratrogiurn bromide iN 80 5 +1.8 {PD)
180 +1.4 (PD)
360 -0.3 (PDY
Higgins et al. (37) ipratropium bromide N 18551 80 +0.8 (PD)
fhre et al. (38) ipratropium bromide iN 40 45 +1.6 (PC)
200 45 +1.7 (PC)
800 45 +1.9 (PC)
Polosa et al. (568) ipratropium bromide IN 500 180 +1.4 (PC)

* Prevention of mean histamine response but with considerable intersubject variation

(no data given)
T Cumulative dose

Table 4. Long-term effect of Ipratropium bromide on BHR to histamine.

Reference Frequency Daily dose Duration interval Mean change
B {11+)] {weeks} (hours} in BHR (DD}

Newcomb et al. {62 q.i.d.' 240 0.8 (PC)

n = 8 adults 0 {PC)

Sly et al.(80) Lid. 120 +0.7 {PD)

n = 31 children

Raes et al.(72) ti.c ) 120 +0.5 (PD)

n = g children
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2.5. Inhaled corticosteroids
25.1. Short-term effect

Three studies have been published on the acute effect of inhaled corticosteroids on
BHR. Casterline et al.” compared 20 mg diphenhydramine with 100 wg beclometha-
sone dipropionate (BDP) 15 minutes before a histamine challenge. In 5 subjects
PD,, to histamine increased after BDP, but the mean difference before and after
protection did not reach statistical significance {+ 0.4 DD). Vathenen et al®
investigated whether a single dose of 800 pg budesconide had an acute effect on
histamine responsiveness in adults. They found an increase of 1.0 DD in PD, to
histamine after 6 hours. Van Essen-Zandvliet et al.” did a similar study in children. A
dose of 800 pg budesonide increased PD,, to methacholine with 0.6 DD after 5
hours, which difference was not statistically significant.

252 Long-term effect

Various studies have been published on the effect of long-term inhaled corticostero-
ids on BHR in patienis with mild, moderate and severe asthma. In ait studies BHR
decreased, although in most studies the decrease was limited
AT DRWICN FNNBE (Taple 5). The increase in PD,, or PC,, to his-
tamine or methachcline varied between 0.3 and 3.2 DD. Kraan et al.” found an
increase in PC, to histamine of + 0.4 DD after 2 weeks treatment with 100 pg
budesonide twice daily, and a further increase to + 0.8 DD after 8 weeks. With 400
rg twice daily the improvement was significantly greater. In the study of Kerrebijn et
al,”® PD,, to methacholine increased gradually with time during treatment with 200
pg budesonide 3 times daily. A plateau was reached after 2 months. In all studies
there was considerable inter-subject variability. The corflicting results of two studies
in which patients were teated for several months™® may be explained by
differences in the severity of asthma. The patiemts treated by Easton et al® had
moderately severe asthma whereas those in the study of Kerrebijn et al.® were only
mildly affected. Furthermore, Easton et al® performed an open study, which may
aiso have influenced their results. in another study in children with moderate to
severe asthma, Kerrebijin et al. found little improvernent after 2 months of treatment
with 150 or 600 pg budesonide twice daily. The resulis of Kraan et al,”® suggest that
the decrease in BHR is not only associated with the duration of freatment but also
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with the dose of inhaled corticosteroid. They comparad the effect of 100 pg and
400 pg budesonide twice daily during & tresiment period of 8 weeks on PC,
histamine and found a consistent difference in favor of the highest dosage. These
results differed from those of Kerrebiin et al.”® who found no difference between the
effects of a high and a low dose. More recently two longer-term studies have been
published.** Juniper et al® treated adult patients for one year with 200 pg
budescnide twice daily. Methacholine responsiveness decreased gradually over
time, PD,, showed an increase by 2 DD afier 1 year. Haahtela et al.* studied the
effect of 600 ug budssonide twice daily during 22 months. They showed that
histamine responsiveness diminished by 1.6 DD. In the study by Juniper et al.® PD,,
did not reach a plateau after one year treatment with inhaled corticosteroids, while
the Haahiela study® suggests piateau formation after 72 weeks. This may be
explained by the lenger duration of treatment. A recent long-term study (median
follow-up 22 months) in 116 children by Van Essen-Zandvliet et al.® compared the
effect of budesonide 200 ug pius salbutamol 200 ug 3 times daily with that of
salbutamol 200 pg 3 times daily plus placebo. In the group with budesonide plus
salbutamol mean PD,, to histamine increased steadily over time to 2 maximum of 2
DD after 20 months (without reaching a plateau), which was still in the abnormal
range. This effect was completely attributable to the inhaled corticosteroid, as
histamine responsiveness in the other group remained unchanged. In an extended
follow-up of this group up to 28-38 months they showed that histamine
responsiveness stabilised at that level (+2 DD) beyond 20 months.® In only a few
patients in the studies summarized in Table 5 did BHR reach a value within the
normal range. Vathenen et al® looked at the effect of stopping inhaled
corticosteroids on histamine sensitivity: they treated 32 adults with 800 ng
budesonide twice daily during 6 weeks and first showed an increase of 3.2 DD in
PD,, histamine after this period. After stopping budescnide, PD,, showed a fast
decrease to baseline within 2 weeks. This is in contrast with the findings of the
follow-up study by Juniper et al.* after their 1-year study with 200 pg budesonide
twice daily.® After one year budesonide was stopped in 8 patients and histamine
responsiveness measured 3 months thereafter. At that moment PC, to
methacholine was not significantly different from the value at the time budesonide
was stopped. A 8 months study by Waalkens et al® in 21 children who had
received 200 ug budesanide 3 times daily for 28-36 momths showed a decrease in
FD, to histamine of 1.6 DD compared to the moment that the dose of inhaled
corticosteroid was gradually diminished and stopped. These findings suggest that
the effect of inhaled corticosteroid on BHR disappears within months after stopping.
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Table 5. Long-lerm effect of Inhaled cortlcosterolds on BHR to histamine, methacholine or carbachol

Reference

adults:

Easton et al.{25) n=7
Kraan et al.(48) n=17
Ryan et al.{76) n=10
Dutolt et al.(24) n=26
Svendsen et al.(81) n=38
Jenkins et at.{41) n=18
Kraan et al.(49) n=15

n=15

Molema et al.(60) n=22
Bel et al.(3) n=8
Svendsen et al.(82) n=20
ZuWallack et al.(99) n=18
Juniper et al.{43) n=16

Haahtela et al.(34) n=49
Vathenen et al.(90) n=32

Drug* and
frequency
(vg)

BDP q.id.
budesonide q.id.
BDP b.id.
BDP b.id.
BOP b.i.d.
BDP g.i.d.
budesonide b.i.d.

budesonide b.i.d,
budesonide q.i.d.

BOP q.id.
BDP bid.

triamecinolone q.i.d.

budesonide b.l.d.

budesonide b.l.d.
budesonide b.id.

Daily
dose

400
400
400
800
400
1200
200

860

400
400
400
860
400

1200
1600

Duratlon

4 mo
1 mo
1mo
10 wk
2mo
3 wk
2 wk
2 mo
2wk
2 mo
6 wk
4 mo
6 wk
6 wk
3 mo
6 mo
g mo
i2 mo
22 mo
3wk
6wk

Test

methacholine
histamine
histamine
histamine
histamine
histamine
methacholine
methacholine
methacholine
methacholine
histamine
methacholine
histamine
methacholine
methacholine
methacholine
methacholine
methacholine
histamine
histamine
histamine
histamine
histamine
histamine
histamine
histamine
histamine

Interval Mean change
(h) in BHR
{DD)
NS¢ + 04 (CBU)
>12 + 1.3 (PC)
NS + 03 (PO
NS + 3.0 (PD)
] + 05 (PC)
8 + 1.4 (PD)
NS + 04 (PC)
NS + 0.8 {PC)
NS + 1.6 (PC}
NS + 1.6 (PC)
8 + 1.5 (PC)
NS + 1.2 {PC)
6 + 1.4 {PC)
NS + 1.5 {PC)
NS + 1.2 (PC)
NS + 1.5 (PC)
NS + 1.8 (PC)
NS + 2.0 {FC)
6 + 16 (PC M
24 + 1.4 (PD)
1 + 25 {PD)
6 + 28 (PD)
12 + 3.2 (PD}
24 + 238 (PD)
36 + 1.7 (PD)
1wk - 03 (PD)

2 wk + 03 (PD)



Juniper et al.{44) n=8 budesonide b.i.d. 400 12 mo methacholine 3 mo + 2.0 {PC)

Fuller et al.(28) n=10 budesonide b.l.d. 1200 3 wk histamine NS + 2.0 {PD,)§

Djukanovic et al.(22) n=10 BOP 2000 2wk methacholine NS + 2.9 {PC)

children:

Kerrebijn et al.{45) n=12 budesonide ti.d., 600 1 mo methacholine iz + 0.6 {FD)
3 mo methacholine i2 + 1.5 {PD)
6 mo methacholine 12 + 1.6 {PD)

Kraemer et al.{0) n=7 BODP tid. 300-600 2 mo carbachol NS + 286 (PD,)#

Kerrebijn et al.(46} n=13 budesonide b.i.d. 300 1 mo methacholine 12 + 0.6 (PD)
2 mo methacholine 12 + 1.0 (PD}

budesonide b.i.d. 1200 1 mo methacholing 12 + 0.9 (PD}

2 mo methacholine iz + 0.4 (PD}

Bennati et al.(4) n=10 BDP t.id. 300 1 mo methacholine 12 + 1.5 {PO)

Waatkens et al.{93) n=12 budesonide b.l.d. 1000 4 wk histamine 12 + 1.3 (PC)
8 wk histamine i2 + 2.1 {PO)

Van Essen-Zandvliet et al.(86) budesonide t.i.d. 600 22 mo histamine 8 + 2.0 (PD)

n=58

Van Essen-Zandvliet et al.(88) budesonide t.i.d. 600 28-36 mo  histamine 8 + 2.0 (PD)

n=55

* BDP = beclomethasone dipropionate

4 NS = not stated

§ PC,; = provocative concentration of histamine which causes a 15% decrease In FEV,

§ PBD, = PD,sGaw, sGaw = specific airway conductance

# PD,, = PDRaw; sRaw = specific airway resistance



Diukanovic et al® compared the effect of 2000 ug BDP on methacholine
responsiveness to that on indicators of inflammation in bronchial biopsies. They
found an increase of 2.8 DD in PC,, to methacholine and a decrease in number of
epithelial and mucosal mast cells and eosinophils and submucosal Tdymphocytes,
whereas the activation grade of mast cells and eosinophils did not change. These
findings have to be reconfirmed by placebo-conirciled studies, as this study was
not controlled.

2.5.3. Coriclusion

Inhaled corticosteroids seem to have a slight acute protective effect on BHR to his-
tamine. After iong-term administration most siudies report a modest decrease In
BHR. The severity of asthma, the duration of treatment and the dose administered
seem to influence the degree of improvement, but far more data are needed to
establish the dose-effect relationship with time in relation 1o the severity of the
disease. BHR has not yet been shown to be restored t¢ the normal range in most
patients. After discontinuation of treatment the effect seems to wear off but
insufficient data exist on the relation of duration and dese of treatment and the time
course of wearing off. Therefore more studies are needed.

2.8. Disodiumcromogiycate (DSCG) and nedocromil sedium
2.6.1. Short-term effect

A number of studies has looked at the acute effect of DSCG on BHR to histamine
or methacholine™®**** (Table 8). Woenne et al® concluded from a study in
children that acute protection to methacholine occurred in 10 out of 17 patients,
and to histamine in 8 out of 13. This is in contrast to the findings of Cockroft et al.,®
Griffin et al® and Lemire et al® who found no acute protection in any of the
subjects studied. Nedocromil sodium {1 mg) did not inhibit methacholine
responsiveness in 6 asthmatics according 1o a study by Crimi et al..”



282 Long-term effect

A number of studies on long-term treatment with DSCG also showed no effect on
BHR?"SR4SREE (Table 7). Duration of treatment varied from 4 to 18 weeks. No
studies were done with doses higher than 80 mg daily. Cockeroft et al." showed
that 10 mg DSCG protects against the increase in BHR to histamine after allergen
inhalation when given before the challenge. The mean decrease in PC, was 0.18
DD compared to 0.59 DD afier placebo at 7 hours, and 0.07 DD compared to 0.34
DD at 30 hours. Mattoli et al.® investigated the effect of two different doses of
DSCG on the [ate allergic reaction and the subseguent increase in BHR to
methacholine. Five asthmatic children received 20 or 40 mg DSCG one hour before
the expected late allergic reaction, which was delayed by 3-4 hours after 40 mg
DSCG mg but not after 20 mg. The mean decrease in PC,, to methacholing was 1.4
DD and 0.6 DD, after 20 and 48 mg DSCG respectively, compared to 3.3 DD after
placebo. The degree of bronchoconstriction with the late allergic reaction was the
same after both doses of DSCG and was similar to that after placebo. This
indicates that the degree of BHR was not determined by the degree of bron-
choconstriction. Lowhagen et al™ treated 22 asthmatic adults who had grass pollen
atopy with 10 mg DSCG or placebe for 6 weeks during pollen season. BHR to
histamine remained unchanged in the patients on DSCG but increased in those on
placebo, showing that DSCG protects against pollen-induced increase in BHR.

Three studies were done with nedocromil sodium. Bel et al® found that 4 mg
nedocromil four times daily increased PC,, to methachoiine by 1.4 DD in adults with
non-steroid dependent non-atopic asthma after 2 months. Their study also
suggestis that responsiveness is attennuated by distinct mechanisms. Svendsen et
al.® concluded that 4 mg nedocromil twice daily during 6 weeks caused an
increase in PC,, to histamine by 0.5 DD in 19 adult asthmatics. Dorward et al®
compared 4 mg nedocromil sodium twice daily to placebe in 12 asthmatics with
grass pollen atopy for two periods of two weeks during the grass pollen season.
Mean PC,, FEV, to histamine decreased with placebc (- 0.2 DD) whereas i
increased (+ 0.7 DD) with nedocromil sodium. The dose used was low and studies
with higher doses are needed before definite conclusions about the value of

nedocromi! sodium on the modulation of BHR following exposure to allergen can be
reached.
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Table 6.

histamine or methachoiine.

Acute protection of disediumeromogiveate and nedocromil sedium against BHR to

Reference

Cockeroft et al. (18)

Woenne et al. (98)

Griffin et al. {(33)
Lemire et al. {(52)

Crimi et al. {19)

Drug*

DsCG
DSCG

DsSCG
DSCG
NSO

Dose

20 mg
40 mg

20 mg
40 mg
4mg

intervai
{minutes)

15
10

15
10
10

Test

histamine

methacholine

histamine

methacholine

histamine

methachofing

Mean change
in BHR (DD}

+ 0.1 (PC)
+ 1.3 (PD)
+ 0.8 (PD)
¢ PD
- 01 (PC)
G (PD,)e

Long-term effect of disodiumcromoglycate and nedocromil sodium on BHR to

Table 7.
histamine or methacholine in adults.
Reference Drug* and Dailly Duration Test interval Mean
frequency dose {months} (hours) change
{mg) in BHR
Griffin et al, DSCG a0 1 methacholine  NST o] (FD)
B3 n=11 q.id.
Furukawa et DSCG 40-80 3 methacholine 4 +0.8 (PC)
al(29) b.i.d-
ne=22 G.i.d
Lowhagen et DsCa 80 1 histamine NS 0 {PC)
al(53) n = 10 qid.
Jenkins et Dsca 80 4 histamine 6 + 0.5 (PC)
al{@l) n = 44 q.i.d.
Svendsen et DSCG 8 2 histamine NS - 0.4 (PC)
a8y n = 38 g.id.
Molema et al. DSCG 8 1% histamine 8 + 0.3 (PO)
(60) n=22 q.i.d
Chabra et al. DSCG 80 3 histamine NS + 1.2 (PDy)§
(M) n =11 q.id.
Bel et al.(3) NSO 16 4 methacholineg NS + 1.4 (PC)
n=9 q.i.d.
Svendsen etal. NSO 8 1% histarnine 8 + 0.5 (PC)
(82 n = 19 bld.
* DSCG = disodiumcromoglycate, NSO = nedocromil sodium
¢ PD,; = PD,FEV,
T NS = not stated
§ PDy = PD,sGaw,; sGaw = specific airway conductance
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2.6.3. Conclusion

Results of investigations into the acute protection of DSCG to histamine or
methacholine are conflicting. The only study published with nedocromil sodium
showed no acute effect on BHR to methacholine. Long-term treatrment with DSCG
with doses up t0 80 mg per day does not decrease BHR to histamine or
methacholine, DSCG does, however, protect against the increase in BHR to
histamine or methacholine after allergen challenge and during the pollen season.
Nedocromil sodium also protects against pollen-induced increase in BHR, and one
study reported a significant decrease in BHR after treatment for 2 months. Data are
needed on the dose-effect relationship of DSCG and nedecromil sodium on BHR,
as it cannot be excluded that doses which are higher than those currently used
would be more effective.

27 Xanthines
2.7.1. Short-term effect

Few studies have been performed on the acute protective effect of xanthines on
BHR to methacholine or histaming®™“*% (Table 8). An acute effect on BHR that
varies between - 0.1 and + 27 DD when the interval between the drug
administration and test is 80 minutes or more has been demonstrated. Cockeroft et
al.,” looking at the effects of two doses of short-acting theophyliine that gave
different serum concentrations (<10 and >10 mg/l), found only a small difference
{(+ 0.4 and + 1.1 DD, respectively). McWilliams et al.® compared the effect of 2
different doses of hydroaiccholic theophylline solution. At the time of chailenge with
methacholine the serum concentrations varied between 7.0 and 18.7 pg/mi, and
with histamine between 4.0 and 22.1 mg/l. Both BHR to methachoiine (+ 1.6 DD)
and to histamine (+ 0.8 DD) decreased. The change in BHR was not related to the
serum theophylline concentration. No correlation existed between the change in
BHR and the degree of bronchodilatation. Magnussen et al.® administered different
doses of theophylline intravenously. The mean increase in PD, Raw to histamine
was + 1.1 DD at a serum concentration of 6.14 and + 2.7 DD at a concentration of
12.8 mg.l". PD, Raw to methacholine increased + 0.8 DD and + 2.0 DD at serum
concenirations of 5.83 and 12.0 mg/i respectively. Because airway resistance before
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Tabie 8. Acute protection of xanthines against BHR to histamine or methacholine.
Reference Drug Route Serum concen- Interval Test Mean change
tratlon {pg/mi) {minutes} In BHR (DD)
Cockeroft et al. choline theophyliinate PO > 10 180 histamine +1.1 (PC)
an < 10 180 histamine +0.4 (PC)
anhydrous theophylline PO 13.4 NG*# methacholine 0.1 (PDY
DeCotlis et al. (20)  hydroalcoholic theophyliine PO i3 60 methacholine +1.6 (FD}
McWilliams et al, histamine +0.9 (PD)
{59) theophylline ethylenadiamine v 6.1 60 histamine +1.1 (PD)¢
Magnussen et al. 12.9 60 histamine +2.7 {PD,)
(56) 5.8 60 methacholine +0.8 {PD,y)
2.0 60 methacholine +2.0 {(PD,q)
slow-release theophylline PO 12,9 180-240 histamine +0.4 {PC)
Cartier et al. (8) theophyliine v 53 0 methacheline +0.4 (PC}
KoEter et ak (47) 10.2 o methacholine +1.5 {PC)
15.0 0 methacholine +1.7 {PC)
enprofyliine v 1.2 ¢ methacholine +0.6 (PC)
24 V] methacholine +1.5 (PC)
a7 0 methacholine +1.5 (PC)
* NS = not stated
¢ PDyy = PD,,Raw,CBU; Raw = airway resistance, CBU = cumulative breath units
Table 9, Long-term effect of xanthines on BHR to histamine and methacholine,
Reference Drug and Daily dose (mg) Serum Duration Interval Test Mean change
frequency concentration {weeks) {hours) In BHR {DD)
{aduits)
Furukawa et al, slow-release 200-600 10-15 12 4 methacholine +1.8 (PC)
{29) theophyiline mg/l
=18 b.ld,
Putolt et al. (24)  slow-release 400-1200 55-110 4 5 histamine +0.4 (PD)
n =26 theophylline pmot 10 5 histamine +0.2 {PD)

b.i.d.



medication was within the normal range no relationship could be established
between the protective and bronchodilator effects. Cartier et al’® treated 16 patients
with 200-450 mg long-acting theophyliine twice daily or with placebo for 3 days in a
cross-over double-biind design. The serum concentration of theophylline was kept
between 10 and 20 pg/mil. They found a small but significant protection against
BHR to histamine {-+ 0.4 DD) 3-4 hours after theophylline intake. The effect was
independent of the degree of bronchedilatation. Kodter et al” investigated the
effect of different serum concentrations of theophylline and enproiviline after in-
fravenous administration on BHR to methacholine in eight adult asthmatic patients.
They showed that PC,, increased with both drugs. The improvement was related to
the serum concentrations achieved and to the degree of bronchoconstriction. The
maximum protective effect was 1.7 DD for theophylline at a serum conceniration of
15.0 pg/ml, and 1.5 DD for enprofyline at a serum concentration of 3.75 ug/mi in
comparison with values obtained after placebo. Cockeroft et al.”® treated six atopic
asthmatics with 300 mg theophylline twice daily during 4 days. The last dose was
taken 1 hour before allergen inhalation. Mean serum concentrations obtained were
10.3 ﬁg/ml 8 hours after the last tablet. They concluded that at these serum
concentrations the allergen-induced increase in airway responsiveness 1o
methacholine was not inhibited. No datz are available on the duration of the
protective effect of theophyline on BHR. From the study of Cockcroft et al” it
seems likely that it is shorter than 3 hours.

2.7.2 Long-term effect

Table & shows the results of two long-term intervention studies, Furukawa et al®
treated 18 children who had moderately severe asthma with 200-6800 mg long-
acting theophyliine for 12 weeks. They did not find a statistically significant changs
in BHR to methacholine with time. Dutoit et al®* looked at the effect of long-term
treatment with theophylline on BHR to histamine. Twenty-six patients suffering from
severe asthma were treated with jong-acting theophyliine for 10 weeks. In each
patient the dose after which a therapeutic serum concentration was reached was
determined before the study. After 10 weeks BHR to histamine had not changed,
nor were there significant changes in FEV,.
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27.3 Conciusion

Xarthines have a small acute protective effect on BHR 1o histamine and
methacholine. This is not associated with the bronchodilatory effect. Data on the
relationship bstween the protective effect and serum theophylline concentrations
are conilicting. Long-term treaiment seems 10 have no effect on BHR.

2.8. Histamine, receptor biocking antihistamines
2.81. Short-term effect

Several studies have been done on the acute effect of antinistamines on BHR 1o
histamine and methacholing®®> s RMBRRIATSE (Taple 10). BHR to histamine is
{almost) totally blocked 10-45 minutes after an inhaled antihistamine and 2-4 hours
after oral administration. However, BHR to methacholine is not influenced.

28.2 Long-term effect

Esau et al.” treated 8 asthmatics for two 3 week-periods with 1 mg clemastine twice
daily and 7 other patients for the same period of time with 1 mg ketotifen twice
daily. Histemine chalienges were performed before and after each treatment period.
PC, increased + 2.7 DD in the patients on clemastine and + 2.3 DD in the patients
on ketotifen. The interval between the last drug dose and histamine challenge was
not mentioned, so the observed effect could be due o acute protection. Graff-
Lonnevig et al.* looked at the effect of 1 mg ketotifen twice daity for 12 weeks on
BHR to methacholine. Methacholine challenges were performed 4-weekly and
showed no change with time, the interval between the last drug intake and test
being 3 hours. iwata et al.™ treated 21 asthmatics with 2 mg azelastine twice daily
over 8 weeks. Methacholine sensitivity expressed as cumulative dose after which
respiratory resistance begins to increase did not change. Ghosh et al.*' studied the
effect of 15 mg terfenadine twice daily for one week on BHR to histamine. PC,, 14
hours after the last medication increased by 5 DD (Tabie 11).

50



Table 10.  Acute protectlon of histamine, receptor blocking antihistamines against BHR to histamine or methacholine,

Reference

Castertine et al.(9)
Woenne et
al(97)
Nogrady et
al(63)
MNathan et
al{61)
Thomson et
al(B4)
Popa(69)
Hartmann et
al{35}

Phillips et
al{66)
Patel(84)

Rafferty et
al(73)

Brik et ak(5)

Magnussen et
al.{567}

Polosa et al.(68)
Ghosh et al.(31)

Drug
diphenhydramine
chlorpheniramine
clemastine
chlorpheniramine
clemastina
chlorpheniramine
clemastine
clemastine

ketotifen
terfenadine

terfenadine

cetirizine

azelastine
terfenadine
celirizing

Dosage
(mg}

20
&

120
180
10
20

180
15

Route

interval
(minutes)

15
30

30

120

180

120
120
120
300

120

Test

histamine
histamine

methacholine
histamine
methacholine
histamine
histamine

histamine
histamine
histamine
histamine
histamine
histamine
methacholine
methacholine
methacholine
histamine
methacholine
histamine
methacholine
histamine
methacholine
histamine
histamine
histamine
histamine
histamine
histamine

Mean change
in BHR (DD)

+1.8 (PD)

fully blocked in
7/8 subjects
0.4 (PDY

+3.3 (PC,)¢
+0.1 (PC.)
+1.7 {PC)
+2.3 (PD)

+2 (PC,)¥
see text

+2.1 (PD)
+2.8 (PD)
+0.1 (PD)
+0.1 {PD)
+0.9 (PD)
+2.7 {PC)
-0.3 (PC)
+3.8 {PC)
+0.6 (PC)
+3.9 (PC)
+0.6 {PC)
blocked up to
10 mg/mi
(dose-related)
+4.4 (PD )8
+4.3 (PC)
+6.2 (PC)

* NS=not stated ¢ PC,,=PC,sGaw; sGaw=specific airway conductance 1 PC,;=PC,FEV, § PD,,=PD,sRaw; sRaw=specific alrway resistance



Table 11.  Long-term protection of histamine, receptor blocking antihlstamines against BHR to histamine and methachollne in adults,

Reference Drug and frequency Daily Duratlon Test Interval Mean change In BHR (DD)
dogse (weeks)
(mg)
Esau et al.{27) ketotifen b.i.d, 2 6 histamine NG* + 27 (PC)
n==8 clemastine b.l.d. 2 6 histamine NS + 2.3 (PC)
n=7
Graif-Lonnevig ketotifen b.id. 2 12 methacholine 3 hours - 0.6 (PC)
(32)n=18
lwata et al.(39) azelastine b.i.d., 4 8 methacholine NS + 1.3 (U)¢
n=21
Ghosh et al.(31) terfenadine b.ld, 30 1 histamine 14 hours + 5.0 (PC)
n=10

* NS = not stated
¢ U = cumulalive dose after which respiratory resistance begins to increase,



2.8.3. Conclusion

H, receptor blocking antihistamines protect against BHR to histamine but not to
methacholine. Long-term treatment with H, receptor blocking antihistamines does
not influence BHR to methacholine.
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3.1, Summary

Several studies have shown that long-term adminisiration of inhaled corticosteroid
reduces airway hyperresponsiveness. This study was performed in order o exclude
an acute effect of inhaled corticosteroid.

In a double-blind, randomized, cross-over study, children with asthma who had
never used inhaled or oral corticosteroid, received a single dose of 0.8 mg
budesonide or placebo on two separate days, with an interval of at least 48 h. On
sach test day, baseline FEV, and methacholine responsivensss (expressed as PD,
to methacholine n doubling dose) were measured. Both measurements were
repeated 2 and 5 h after administration of the drug.

Twenty children were included in the study. FEV, showed 2 mean increase of 1% at
5 h on the budesonide day, and a decrease of 2% on the placebo day (p=0.01).
PD,, increased by 0.1 doubling dose on the budesonide day, and decreased by 0.4
doubling dose con the placebo day. These changes are within the measurement
variation (p=0.06).

We conclude that a single dose of 0.8 mg budesonide has a minor effect on
methacholine responsiveness 5 h after administration in children with asthma. It is
unlikely that such an effect interferes with the interpretation of data collected in
long-term studies.

3.2. introduction

Asthma is characterized by airway hyperresponsivensss to methacholine or
histamine (AHR). Airway inflammation plays a central role in asthma, and is
associated with AHR'. Several studies have shown that inhaled coricosteroid (ICS)
gradually reduces AHR, after weeks or months®, possibly by its antiinflammatory
action®, In these studies, it was assumed that ICS has no acute effect on AHR.
However, in children this was never investigated. if an acute effect exists, this might
hamper the interpretation of the effect of long-term drug administration on AHR.
This acute effect, if any, is not likely to be pronounced because protein synthesis,
which will be activated by corticosteroid, is a slow process®. We investigated the
acute effect of a single dose inhaled corticosteroid on airway responsiveness, in
order to test this assumption.
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3.3 Methods
3.3.1. Patients

Twenty children with a history of asthma were selected from the out-patient ¢linic of
the subdivision of paediatric respiraiory medicine of the Sophia Children’s Hospital.
They were atopic for one or more allergens and had been in a stable condition for
at least 4 weeks. Their forced expiratory volume in 1 second (FEV,) was >70% of
predicted, and AHR expressed as the provocative dose of methacholine which
caused a fall in FEV, of 20% (PD,, methacholine} was <150 pg, i.e. more than two
standard deviations below the mean value in healthy children®. The patients had
never used inhaled corticosteroid before, and were treated with cromoglycate
and/or inhaled beta,-agonist. All participants and their parents gave their informed
conseént. The study was approved by the medical ethics commitiee of the hospital,
Patient characteristics are shown in table 1.

3.3.2. Design

All medication was stopped 8 h before each test day. FEV, was measured using
water sealed spirometer, according to the ECCS recommendations®. The largest
value resulting from 3-5 attempts was recorded. Reference values were those of
Zapletal et af’. PD,, methacholine was measured by inhalation of methacholine in
doubling doses (DD), according to a standard protocof. Methacholine solutions
were stored at 4°C and nebulized at room temperature. Methacholine was nebulized
with a deVilbiss 646 nebulizer, with 5 ml solution per vial. The nebuliser was
attached to a Resenthal-French dosimeter, driven by air at 138 kpa (20 psi). The
aerosol was delivered directly to the mouth, via a mouth tube. The child inspired as
slowly as possible from functional residual capacity to total lung capacity, and held
the breath for 5-10 s before expiration. During inspiration, the dosimeter was
triggered for 0.6 s. A total of 20 u!l of aerosolized solution was delivered o the
mouth, in four consecutive breaths. After baseline measurement of FEV, subjects
started with saline, followed by increasing doses of methacholine from 0.25-84 pg.
FEV, was measured 3 min after saline and after each dose of methachoiine. The
test was stopped when FEV, had fallen by 20% from the prechallenge value. PD,,
methacholine was calculated by a cormputer programme, which used linear
interpolation.

The study was double-blind, randomized, placebo-controlled, and cross-over.
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Randomization was performed by allocating each patient to the naxt number on a
randomization fist, which dictated the sequence in which drugs were delivered.
Patients were tested on two different days within one week, with an interval of at
least 48 hours. Baseling measurements of FEV, and PD,, were performed on both
days. At least 80 min after the last dose of mathacheline (when FEV, had returned
1o within 10% of baseling) patients received 0.8 mg budesonide or placebo, in
random order. In an earlier study, we showed that with this design the
reproducitility of the test is within 1 DD Budescnide and placebo were
administered using a metered dose inhaler with a spacer (Nebuhaler®). One puff
budesonide contained 0.2 mg. During a slow inspiration from functional residual
capacity to total lung capacity, budesonide or placebo was inhaled immediately
after actuation. Subsequently, the breath was held for about 10 s before expiration.
This was repeated three times. Two and five hours after inhalation of budesenide or
placebo methacholine challenges were repeated. The complete test procedure took
7-8 h. Power calculations led 1o a study size of 20 patients. At alpha = 0.05 {two-
sided t-test), the power for a difference of means of 0.75 8D equals 90%.

3.3.8. Statistical methods

PD,, measurements were evaiuated after logarithmic transformation. Comparisons
of baseline FEV, and the logarithm of PD,, between the two study days were made
using paired t-tests. Results aiter treatment with budesconide and placebo were
compared using tdests, as appropriate for cross-over studies’. Repeated
measurements analysis of variance (ANOVA) was used to evaluate changes aver
time. The limit of statistical significance was set at p=0.05 (two-sided).

3.4. Resuiis

There was no statistically significant difference in baseline values of FEV, and PD,,
between the two test days (table 2).
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Table 1. Patient characteristics

Number Sex Age (years) FEV,% predicted Daily medication
{nxmg)

1 m 7 2le] DSCGE* 2x5, S 2x0.1
2 m 10 86 TO25in¢

3 m 8 111 DSCG 3x5, T 0.25 i.n.
4 m 13 74 DSCGE 3x5, T 3x0.25
5 m 8 78 DSCG 2¢10, S 0.1 in.
=] m 10 84 DSCG 3x10, T 0.25 i.n.
7 m 7 81 S 0.11in.

8 f 7 107 S 0.1 in.

8 m 11 87 DSCG in,

10 m 7 96 DSCGE 3x10, 8 0.1 in.
11 f 9 84 DSCG 3x5

12 m 9 80 TOSLn

13 m 10 106 TO5in

14 f 10 105 DSCG 2¢5, S 0.1 1.n.
15 f 10 103 DSCE 3x20, T 0.5 1.n.
16 m 10 83 DSCG 3x5, 8 0.1 Lo,
17 f 9 108 TOSin

18 m 11 91 TOSin.

18 m 7 71 DSCE 3x10, S 4x0.2
20 m 8 a8 DSCGE 2x5, T 2x0.5

* DSCE = disodium cromoglycate. S = salbutamol. T = terbutaline,

¢ i.n. = if needed.

Table 2. Baseline data

Budesonide Placebo
FEV,, L; mean {8D) 1.82 (0.34) 1.80 (0.38)
FEV,, % of predicted; 82 (11) a2 (13)
mean (8D)
POy, wG: 27 (5-81) 27 (8-270)

geometric mean (range}
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3.4.1. Baseline FEV,

The change of FEV, in % from baseline is reflected in figure 1, and shows a smail
but significant difference (p=0.01) at 5 h between the budesonide day {when a
mean increase of 1% compared to baseline was seen) and the placebo day (whan
there was a decrease of 2%).

3.4.2, PD,, methacholine

Changes in PD,, from baseline, expressed as DD, are shown in figure 2. After 2 h,
no significant change had occurred with either treatment. Five hours after
budesonide, a mean +SEM increase in PD,, of 0.1+0.2 DD was found, while after
placebo a mean decrease of 0.4+0.2 DD occurred. Both changes are within the
individual measurement. variation™. The difference of 0.5 DD between ireatments
was only marginally significant (p=0.08). Nefther baseline FEV, nor baseline PD,
was significantly correlated with the change in PD,,. This applies to both test days.
individual data show an increase of PD,, in 10, a decrease in 4 and no change in §
patients, after budesonide. These numbers are 3, 10 and 7, respectively, after
placebo. Analysis of the data according to the sequence in which both treatments
were given revealed no differences. This excludes a carry-over effect.
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Figure 1. Mean change from baseline of Figure 2. Mean change from baseline of
FEV, % predicted (SEM) during treatment PD,FEV, methacholine (SEM} during
with budesonide {sofid [ling) or placebo treatment with budesonide (solid line) or
(dashed iine). placebo (dashed line) in doubling dose.
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3.5. Discussion

This study shows a minor effect of a single dose of inhaled corticosteroid on AHR
to methacholine 5 h after administration. A small increase in FEV, was also seen.
These changes were within the individual measurement variation,

In asthma, inflammation ¢f the airways seems to be a persistent feature, even in
patients with mild symptoms” ™. AHR to a number of stimuli, such as histamine
and methacholine, is a characteristic of asthma, and there js an association
between AHR and airway inflammation’. Nowadays, inhaled corticosteroid is the
mest effective drug, probably due to its antinflammatory properties. Long-term
administration of inhaled corticosteroid suppresses the inflammatory reaction® and
causes a decrease in AHR 10 histamine and methacholing®. The effect of inhaled
corticostercid on the degree of AHR is time- and dose related™. The long-term
effect of inhaled corticostercid on AHR might be misinterpreted if these drugs also
had an acute effect on AMR. This has never been investigated in children with
asthma.

Recently, Vathenen et al." studied the acute effect of a single dose of inhaled
corticosteroid on AHR to histamine. In a double-blind, placebo-controlied study they
compared the effect of 800 ug budesonide to placebo, in 20 aduit patients with
asthma. They measured PD,, to histamine before and 1, 6, 12 and 24 h after
administration of the drug. They found a small but significant increase in median
FEV, (+0.2 |, 85% confidence interval 0.05-0.40) and in median PD,, histamine (+1
DD, 95% confidence interval 0.2-1.8) after budesenide, which was maximal at & h.
These differences were statisticaily significant at the 1% level.

We selected children with mild asthma, who had nrever used inhaled or oral
corticosteroid. Their treatment consisted of beta,-agonist on demand and/or regular
cromoglycate. They were all hyperresponsive to methacholine. The interval between
the two test days was at least 48 h, in order to prevent a carry-over effect of inhaled
corticosteroid in the patients who received placebo on the secend day. No such
carry-over effect was found, The decrease in PO, during the placebo day is fully
attributable to the diurnal variation in airway responsiveness. Van Aalderen et al.™
showed a spontaneous decrease in PC,, of 0.5 DD between 8.00 am. and 4.00
p.m., in two groups of children with asthma. The slight increase of FD, on the
budesonide day suggests that even a single dose of inhaled corticosteroid
diminishes the diurnal variation in airway responsiveness. The change in PD, In this
study is less than that found by Vathenen et al.”, who used the same dose of
inhaled corticosteroid. We measured AHR 2 and 5 h after drug administration, so
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that the possibility remains that the maximal effect was missed because we do not
have data over a longer time interval. We would have preferred to measure AHR for
a longer period than 2-8 h after drug administration, or t© determine AHR in the
morning after drug administration the night before. This was, however, not feasible,
because children of this age would not cooperate if the study took longer than 7-8
h or if they had t¢ come twice on two consecutive days. Indeed most children
needed encouragement for the last AHR measurement on a test day. Ellul-Micallef™
showed that a single dose of budesonide of 1.6 mg or 0.1 mg has an acute effect
on peak expiratory flow, which is maximal after 5-8 h and lasts about 12 h. In
ancther study the immediate effect of 1.6 mg budesonide on FEV, was maximal
after 5 h and showed a plateau until at least 9 h after administration'. This effect
probably also disappeared after 12 h. The results of these studies indicate that the
maximal effect of inhaled corticosteroid occurs by 5 h after administration. The
reason that we studied the effect of 0.8 mg budesonide, which is higher than the
dose wsually prescribed, is that we wanted to avoid the risk of missing an acute
eifect due to underdosing. We conclude that it is unlikely that the results of long-
term studies on the effect of inhaled corticosteroid on AHR are biased by an acuts
drug effect.
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4.1, Summary

Airway inflammation is assumed to be an important determinant in increased
bronchial responsiveness {BR). We tested the hypothesis that treatment with an
inhaled anti-inflarmmatory drug (l.e., budesonide) but not with an inhaled beta,-
agonist (i.e., terbutaling) would reduce BR in children with asthma and with minimal
or no brencheconstriction. Twelve patients were {reated with budesonide and seven
with terbutaline for 6 months. BR decreased in 11 patients receiving budesonide
and this decresase was significant in seven patients. BR decreased in none of the
patients receiving terbutaline. FEV, demonstrated a small increase with budescnide
but remained unchanged with terbuialine. Except in one patient who received
terbutaline, the clinical effect was good. We conclude that inhaled corticosteroids
but not inhaled beta,-agonists will decrease persistent BR in most children with
asthma.

4.2 Introduction

It is generally accepted that asthma has a hereditary basis, presenting itself in
immune responses that cause atopic reactions,’ as weil as in bronchial
hyperresponsiveness (BHR). Hyperresponsive patients are more sensitive to the
effect of allergens, viral infections, and gther environmental exposures than patients
with asthma in whom bronchial responsiveness (BR) is normal.

Airway inflammation is assumed to be an important determinant in the increase in
BR® and, therefore, it could be prevented if contact with causal environmental
components could bs aveided. Since this is hardly possible, additional drug
treatment is needed to suppress the inflammatory reaction and, hence, decrease
BR. This is also evidenced by the fact that corticosteroids, which have
antinflammatory properties, inhibit the late inflammatory reaction after allergen
inhalation®, but beta,-agonists, which have no anti-inflammatory effect’, do not.

Data on the effect of long-term treatment with these drugs on BR are limited. [n this
study, we tested the hypothesis that long-term treatment with an inhaled
corticosteroid but not with a beta,-agonist will reduce BR.
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4.3, Methods
43.1. Patients

The study was performed in 18 patients with allergic asthma, aged 7 to 16 years,
selected from the outpatient department of respiratory disease, Sophia Childrens
Hospital, University of Rotterdam. The patients had to be capable of performing
pulmonary function tests in a reproducible way (l.e. coefficient of variation of FEV, in
three consecutive flow-volume curves <5%). Since BR is not only determined by
inflammation but also by the degree of bronchial smocth muscle contraction®, we
selected children with allergic asthma who had a consistent increase in BR but litlle
or no broncheconstriction, i.e., (1) a dose of inhaled methacholine after which FEV,
decreased 20% from bassline (PD, FEV, methacholing) <150 ng (2) FVC and FEV,
80% or more of predicted, (3) FEV,/FVC 70% or more of predicted, and (4) 2 20%
or less increase in FEV, after 0.5 mg of inhaled terbutaline. All criteria were fulfiled
on one occasion in the 3-week period before the start of the study and on at least
iwo earlier occasions. Although none of the patients needed continuous medication,
all had symptoms at regular intervals that were treated with bronchodilators. Details
are presented in tabie 1.

The study was periormed from January to July 1884." Because of the summer
holidays, a longer follow-up was not feasible. All children ifived in centrally heated
houses built in the previous 25 years, and in none of their families were there
domestic animals. Quilts and pillows were of synthetic material, and bedrooms were
kept as dust free as possible. Pollen counts in May and in June 1984 were very low
in the southwestern part of The Netherlands because of the rainy weather in the
spring and early summer (i.e., mean number of grass pollen in May, 26/m® of air,
and in June, 282/m7).

4.3.2. FEV,
Pulmonary function was measured by means of flow-volume curves with a Fenyves
device (Fenyves and Gut, Basel, Switzerland) with computerized data processing.

FEV, was used as the index of bronchial caliber. Each measurement consisted of
three flow-volume curves; the highest value of FEV, was obtained for data analysis.
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Table 1.

Characteristics of patients

Baseline lung function

FEV, Allergen
Age FVC FEV, FEV,/VC reversibliity PD,, specific
Sex  (yea) (%) (%) (B  (W* (1g) IgE In
serums#
Budesonide
1 F 7 a7 104 a0 1 45 344+
2 M 7 127 126 80 6 33 1+++
3++
3 F g 81 83 86 10 37 T++++
3+
4 M S 78 80 70 7 24 1+++
5 F 10 100 95 81 8 37 T+++++
24++++
B
8 M 11 80 86 85 1 68 T+++++
7 F 12 115 fce 80 5 5 1+
24+
3+++
8 12 91 S3 81 10 88 T+++
2+++++
9 M 13 85 a8 73 8 16 T4++++
2+ 4
10 13 86 82 S0 10 68 1+++++
b
3++++
11 M 14 838 100 80 -3 58 1+++++
244+++
34+ +
2 M 16 92 20 72 16 19 T++++
24+ ++++
B+ 4+
Terbutaline
13 M 7 88 23| 81 7 47 T+++++
3+++
14 M 12 9g a9 72 5 54 T+++++
15 M 12 100 110 88 3 58 T++++
24+++++
B+
i M 13 Qo 86 74 8 28 1+
2+++
S+++++
7 M 14 84 87 83 0 44 1+++++
24
ig 15 124 102 71 13 24 1+
24+
¢ F 16 128 113 75 7 66 QI REREEE
2+++++

%

Percent increase from baseline after 0.5 mg of inhaled terbutaline.
1, house dust mite; 2, mixed polien; and 3, mixed animal dander,
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4.3.3. Methacholine challenge

BR was measured by inhalation of methacholine in increasing dosages according
{0 a standard protocol. Methacholine was nebulized with a deVilbiss {deVilbiss Co.,
Somerset, Pa., USA) 817 nebulizer and a Rosenthal-French (The Johns Hopkins
University, Baltimore, Md., USA) dosimeter.

Inhaled doses were doubled from 10 ug of methacholine up o 1280 ug as a
maximum dose. The effect of each dose was determined by measuring FEV, 5
minutes after each administration. Tests were performed between 8 AM. and 3P.M.
With this technique, we found in our laboratory & mean + SO of the “log PD,, (in
1g) In healthy children without current or past history of respiratory disease of 2.93
=+ 0.25 corresponding to a mean PD,, of 850 pg. Al patients had at least two BR
determinations registered before the value that formed the basis for patient
selection. Previous “log PD,, values were within plus or minus 0.50 of the “log PD,,
which was used for patient selection, determined in the 3 weeks before the study.
was not possible to perform the test in duplicate; however, the within-subject
variability on two consecutive days of the provocative technigue is low.®

During the study, BR was only determined if the basefine FEV, was at least 90% of
the lowest prestudy value. PD,, was calculated by finear interpolation from a “log
PD,, dose-response curve. All medication was stopped 12 hours before each mea-
surement of log FEV, and BR.

4.3.4. Symptoms

Cough, wheezing, and asthmatic attacks, as well as medication, comedication,
morning peak flow, and possible side effects were registered daily on a diary card.

435. Design

Patients were randomized double-blind with a computerized random number
generator in two parallel groups. Twelve patients were allocated to treatment with
budesonide (Pulmicort; Astra Pharmaceuticals, Rijswilk, The Netherlands) in a dose
of 0.2 mg, and seven patients 10 a treatment with terbutaline (Bricanyl; Astra
Pharmaceuticals) in a dose of 0.5 mg, both administered three times daily by a
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metered-dose inhaler. We decided 10 use an unequal group size because of earlier
observations on the effect of beta,-agonists on BR that indicated that such an effect
would be unlikely.® Since no prediction could be made on the effect of budesonide,
we wanted to have more patients receiving the cortlicosteroid than receiving the
beta,-agonist.

The metered-dose inhalation technique was checked before the start of the study
and at every visit to the doctor. Patients were advised to rinse their mouth and
throat after drug inhalation. The only comedication allowed during the study was
doses of 0.25 mg of terbutaline by regular metered-dose inhaler, to be taken on
demand. Patient compliance on use of the inhaler with the study medication was
checked by weighing the canisters at every visit. BR and pulmonary function were
measured before and monthly during the study by the same technician in the
pulmonary function laboratory. At the same time, the patients were observed by
one of us. (EvE-Z). After completion of the study, 2 short adrenocorticotropic
hormone test” was performed on 11 children treated with budesecnide and on six
children treated with terbutaline to check adrenaline function.

4.3.6. Statistical methods

PD,, is presented in the text in micrograms, but Plog transformations were applied
to the PD,, values before statistical evaluation. FEV, was expressed in percent
predicted. Symptoms were expressed as the number of days per week with cough,
wheezing, or breathlessness, “log PD, was evaluated by analysis of covariance
{general linear model) with treatments, patients, and time as independent factors,"
Linear regression was used to compare individual changes in FEV, to changes in
“logPD,, with respect to baseline, to compare changes in *log PD,, to “log PD,, at
entry into the study, and for the relation between "log PD, and duration of
treatment.

Student’s t test for unpaired data was used to compare the two treatment groups at
entry in the study and used in the budesonide group to compare the responders to
the nonresponders. Student's t test for paired data was used to analyze changes
within a treatment group. Two sided p values of <0.05 were regarded as
statistically significant.

Patients were regarded as having highly increased BR if PD,, was below 150 pg (3
SDs below the predicted mean) and having slightly increased BR if PD, was
between 150 and 270 ug {3 to 2 SDs below the predicted mean) (see 4.3.3.).
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4.4, Resulis
441. Withdrawafl

In the terbutaline-group, patient No. 18 was withdrawn after 3 months because of a
severe asthma attack for which hospital admission was necessary.

442 FEV,

There was a small difference in effect of treatment on FEV,. Mean FEV, increased
by 8% with budescnide but remained approximately unchanged with terbutaline (-
19%). Mean FEV, improved >10% of baseline in three patients receiving budesonide
(Nos. 6, 11 and 12} and in one patient receiving terbutaline (No.15).

4.4.3. PD,,

Individual PD,, values are presented in tabie 2. The two treatment groups were
comparable with respect to age, sex, PD,,, and baseline lung function at entry into
the study. Mean PD,, increased with budesonide during the study and decreased
slightly with terbutaline. The difference between treatmenis was significant (p <
0.05). The increase was considerabie both in the first and second month of
treatment with budesonide, but BR improved only slightly during the four months
thereafter. There was a statistically significant interaction of treatment and time on
¥log PD, (o < 0.001). This means that the “log PD,, versus time curve demon-
strated a different slope for the two treatments (Fig. 1).

There was no significant relation between individual concomitant changes in FEV,
and ¥log PD,. PD, increased in all patients but one while they were receiving
budesonide. This increase in seven patients was significant, and mean PD,, increa-
sed more than fourfold in four patients. In four terbutaline-treated patients, PD,,
decreased, significantly in two of these patients {nos. 14 and 18), and in none was
there an increase in PD,,. No relationship existed between the degree of increase or
decrease in PD,, and baseline PD,. Patients receiving budesonide in whom PD,
increasad were in no respect different from patients in whom there was no incon-
sistent increase,
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Table 2. PD,, methachcline In micrograms before and during treatment*

Month
Patlent Entry 1 2 3 4 5 &
Budesonide 1 45 63 140 500 160 105 75
2 33 33 - 80 33 32 30
3 37 64 &7 23 35 48 30
4 24 18 10 15 17 18 26
5% 37 486 60 105 178 145 135
6 68 43 136 a0 63 125 a0
Il 5 22 25 48 67 2385 81
81 88 175 840 540 700 670 880
5l 16 55 a8 54 38 48 145
1017 68 320 180 640 220 320 220
11 58 34 115 87 150 43 84
121 1 20 57 &0 118 185 290
Mean “log PD, 1.520 1.700 1.885 1.867 1.948 1,989 2010
8D 0.345 0370 0476 0.525 0449 0481 0.445
Geometric mean PD,, 33 50 79 93 88 a7 102
(rg)
Terbutaline 13 47 23 11 17 28 13 25
147 54 43 54 28 17 13 34
15 58 40 180 80 27 38 80
16 28 10 17 48 20 & 21
17 44 26 35 40 30 70 35
181 24 15 13 10 11 § 7
19 66 14 # 16 § § §
Mean log PD., 1.637 1.334 1.480 1438 1324 1413 1424
sD 0.164 0.238 0468 0314 0169 0362 0347
Geometric mean PO, 43 22 31 27 21 26 27
(r9)
* Normal PD,, > 270 pg; slightly decreased PD,, 150-270 rg; highly decreased
PD,, < 150 pg.
9 Significant correlation between “log PD,, and duration of treatment.
# Responsive on saline.
§ Not determined.

4.4.4, Symptomns

Symptoms of asthma were few throughout the study. The average number of days
per week with sympioms was (.56 with budesonide and 0.85 with terbutaline
(difference not significant). Hence, patients in both groups had a favorable clinical
course, except for the one subject receiving terbutaline, who was withdrawn. Few

patients used the extra terbutaline inhaler.
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Figure 1. Mean “log PD,, methacholine (SEM) during treatment with budesonide (solid ling) or
terbutaline (dashed line).

445, Adverse effects

No serious side effects were observed. The increase in baseline plasma cartisol af-
ter adrenocorticotropic hormone was within the normal range in all patients tested,
and there was no difference betwsen the two treatment groups.

4.5, Discussion

In periods with increased BR, patients with asthma are more sensitive than usual to
bronchoconstricting envirecnmental exposures that in  turn  enhance
responsivengss.” This mutual influence may cause a vicicus circle, resulting in
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symptoms that are not necessarily severe but long-lasting and freguently recurring.
Airway inflammation appears t0 be an important contributor in this process.?
Persistent BR is sometimes considered a risk factor for adult chronic airway
disease,” and it is assumed that the prevention or suppression of bronchial
inflammation may lead to a decrease of BR and, hence, to a limitation of airway
obstruction and reduction of hyperinflation.™

Studies on the effect of anti-inflammatory treatment on BR are scarce. In this study,
we tested the hypothesis that treatment with inhaled anti-inflammatory steroids but
not with beta,-agonists, which have no anti-inflammatory effect, would reduce BR.
An ideal design would have been double-blind, placebo-controlled, and cross-over.
A placebo-controlled study design was not feasible because of the long-term
duration. Althcugh the treatment was originally designed as double blind, the key to
the treatment code became known 1o the investigators because of the differemt
immediate effects. This was not considered a drawback because FEV, and PD,, are
objective data. In view of the fact that most of our patients were highly atopic to
house dust mite, we decided to perform the study in the first 8 months of the year
in order 1o avoid the autumn season in which symptoms of house mite atopy are
most prominent. We therefore decided to make a parallel instead of cross-over
study design. Although many patients were atopic to pollen, the rainy weather in
spring and early summer kept the number of pollen in the air low and,
subsequently, symptoms of pollen atopy were at a low level.

PD,, increased in all but one of our patients receiving inhaled steroids with mild
asthma but severe BR. The increase was significant in seven patients of whom two
{Nos. 8 and 10) reached the level at which no or only a mild reaction to allergen in-
halation or exercise was observed in pravious studies.™® Improvement was less
spectacular in the other four patients or inconsistent.

it was not feasible to determine BR in duplicate or triplicate within a short period
before the study. However, FEV, as well as BR had been found to be in the same
order as baseling on earlier occasions. We therefore considered the single baseline
measurements as representative. This is supported by the findings on FEV, and in
the nonresponders on PD,,. investigations of Clarke™ and Ryan et al.” also indicate
that treatment with inhaled stercids may reduce BR. Easton,”™ however, found no
such effect of 4 months of treatment with BDP. This may have been due 10 the fact
that his data were not logarithmically transformed before calculations. The effect
found by Ryan et al., studying treatment with 0.4 mg of BDP per day for four weeks
in 10 adults with asthma, was much smaller than the effect we found with
budescnide. After adopting our criterion for responders to their data, only one of
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their 10 patients receiving BDP had a significant decrease in BR. Hegardt et al.™
recently presented a double-blind, placebo-controlled study in which mean PD,
histamine fell to 80% of baseline after 5 weeks of treatment with as high as 6 mg of
teroutaiine daity.

Although inhaled beta,-agonists will shift the dose-response curve of histamine and
methacholine to the right,” this effect does not last more than a few hours.” Inhaled
corticosteroids can be considered to have an anti-inflammatory effect. They also in-
hibit mediator release, modify tissue responses to mediators, suppress responses
to airway constrictors, and influence contractile properties of airway smooth
muscle.”

Beta-agonists relax smooth muscle but are not, even in large doses, anti-
inflammatory.’ They also diminish mediator release, responses 1o airway
constrictors, and smooth muscle contractions.®

In this study, we tested the hypothesis that an anti-inflammatory but not a smocth
muscle relaxing non-anti-inflammatory agent would reduce BR. Since the degree of
BR doegs not only depend on bronchial inflammation but also on the degree of
bronchial smooth muscle contraction,® we studied the patients with chronic BR and
mild symptoms in whom bronchoconstriction was not a predominant characteristic.
We assumed that in these patients chronic inflammation of the airway wall might be
an important factor determining BR. This assumption could not be proven, since
bronchial biopsies or washings could not be performed. However, our finding that
BR dropped in the patients treated with the steroid but not in the beta,-agonist-
treated children supports this assumption, although other steroid effects can not be
excluded.

Improvement of PD,, could not be atiributed to improvement in bronchial caliber
because no correlation existed between the change in PD,, and the change in FEV..
Of the four patients in whom the FEV, increased 10% or more, only one patient had
a significant increase in PD,. This is not unexpected because only subjecis with a
consistent and highly increased BR but with minimal bronchoconstriction were
studied. The difference between the treatment regimens could have been due to an
insufficient dosing of terbutaline. However, this possibility was excluded after
examining in seven children the immediate effect of 0.5 mg of inhaled terbutaline on
the dose-response curve of methacholine after the last PD,, determination in the
study. Terbutaline caused a shit to the right in all subjects with an increase in PD,,
indicative of the immediate protective effect of this dose on methacholine-induced
bronchoconstriction.

We have found z drop in PD, compared to baseline in five patients receiving
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terbutaiine. This can neither be explained by the measurement technigue that did
not differ from that applied before the study nor by a difference in FEV, from baseli-
ne because FEV, during terbutaline treatment did not change. However, terbutaline
is known to reduce receptor density as well as receptor coupling from the
adenylatecyclase system® The resulting receptor hyporesponsiveness may
increase the bronchial reaction to methacholine.® The reason why some patients
receiving inhaled steroids did not respond, whersas others did, is not clear.
Nonresponders were not different from responders with respect {0 baseline BR,
airflow obstruction, atopy, contol of symptoms, age, duration, and severity of
asthma or environmental conditions such as housing. Regular exposures io
allergens to which they were sensitive might explain an insignificant or inconsistent
responsiveness to budesonide and the drop in PD,, in some patients receiving
terbutaline. Although it was impossible to record incidental exposures, continuous
contact with significant amounts of house dust mites or animal danders was
unlikely. They alt fived in relatively newly built, centrally heated houses and had
synthetic bed materials that make it likely that the allergen load caused by house
dust mites was limited.® Nene of the patients was continuously exposed to animals
at home or at school. The same was true for the children recelving terbutaline and
children receiving budesonide who responded. Exposure to pollen was low in the
year of the study. Also, the fact that only one of the nonresponders to budescnide
and two of the patients receiving terbutaline who completed the study have a signi-
ficant atopy to pollen excludes pollen exposure as a cause of lack or inconsistency
of responsiveness; neither could these findings, according to the diary cards, be
attributed to symptomatic viral infections. t can not be excluded that the effect on
PD,, is dose related and that the nonresponders would have improved on a larger
dose of budesconide. The budesconide dose that was applied had no side effects
such as suppression of the adrenal function, hoarseness, or clinically apparent
pharyngeal candidiasis.

We conclude that in children with asthma, treatment with inhaled corticostersids
may decrease persistent BR. i would be worthwhile to confirm our findings in a
study on a larger number of patients.
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5.1. Sumrmary

in a double blind multicenter clinical study, 116 children with asthma were randomly
assigned to treatment with an inhaled beta,-agenist (salbutamol 0.2 mg) plus an
inhaled corticosteroid (budesonide 0.2 mg) tid. (BA+CS) or to an inhaled beta,-
agonist (salbutamol 0.2 mg) plus a placsbo tid. (BA+PL).

After a median follow-up time of 22 months, 26 patienis on BA+PL (45%) had
withdrawn from randomized treatment, mainly due to asthma symptoms, compared
with 3 withdrawals in the patients on BA+CS (p<0.0001). The forced expiratory volume
in 1 second (FEV.,), expressed as a % of the predicted value for age, sex and height,
showed an absolute increase of 7.0% after 2 months on BA+CS compared with a
decrease of 4.0% after 2 months on BA+PL. This 11% difference in % predicted FEV,
{85% confidence interval 7-15%, p<0.0001) was then maintained after a median follow-
up period of 22 months. Post-bronchodilator FEV, showed an absolute increase of
3.7% predicted within 2 months in patients on BA+CS and an absolute decreass of
1.1% predicted in children on BA+PL (p=0.0005). Thereafter this difference between
the two treatment groups was maintained. Average peak expiratory flow (PEF)
increased from baseline by 36.6 [/min in the BA+CS group compared with 3.7 i/min
in the BA+PL group (p=0.003}. This difference then remained for the median follow-up
time of 22 months. Mean airway responsiveness expressed as the provocative dose
of histamine required to give a 20% fall in FEV, (PD,,) increased from baseline to 4
months by 0.98 doubling doses in children on BA+CS compared with a decrease of
0.42 doubling doses in patients on BA+PL. This represents a difference of 1.4
doubling dose (85% confidence interval 0.77 to 2.02; p<0.0001), which became even
greater with further follow-up and did not reach a plateau after the median follow-up
period of 22 months. PEF-variability expressed as the average standard deviation of
daily measurements was reduced by 5.9 I/min within 2 months in patients on BA+CS
{nearly one-quarter in relative terms) compared with an increase of 1.6 I/min in those
on BA+PL (p=0.015). Thereafter the difference was maintained, Afier 2 months of
treatment the median number of days with symptoms remained 3 days per two-week
pericd in the BA+PL group and decreased to 2 days in the BA+CS group. This
difference increased 1o 3 days versus 1 day at 12 months (p=0.016} and 4 days
versus 0 day after 22 months (p=0.25). No serious side effects have been reported
in either treatment group. This study provides strong evidence that inhaled
carficosteroids are important in the long-term treatment for childhood asthma.
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5.2 introduction

In asthma inflammation is considered o be an important determinant of symptoms and
other indicators of disease acivity.! Several studies show the presence of an
inflammatory process in the airways of asthmatics, even of patients with mild
symptoms.** This is characterized by an increased number of inflammatory cells {mast
cells, monocytes and activated eosinophils) in the submucosa, damage of the airway
epithelium, increased vascular permeability and mucosal edema’. |t is uncertain
whether other features of asthma fike smooth muscle hypertrophy, a change in airway
wall mechanics, an increased mucosal gland mass and thickening of the basement
membrane are also caused by chronic airway inflammation. The inflarmmmatory process
results in symptoms of asthma, reversible bronchoconstriction, an increased peak flow
variability within and between days and airway hyperresponsiveness. Both
cromoglycate and inhaled corticostercids have an anti-inflammatory effect in asthma
*° The National Asthma Education Program Expert Panel Report from the National
Heart, Lung and Blood institute is now recommending inhaled corticosteroids as first
line maintenance therapy for asthma in adults;” the efficacy of chronic inhaled steroids
as first line therapy for children with asthma has not been established untl now.
According to consensus reports zbout the treaiment of asthma in children
cremoglycate will be the drug of first choice in most children who need maintenance
treatment.*® However, cromoglycate will often inhibit symptoms incompletely and does
not diminish airway hyperresponsiveness.” Various short-term clinical studies have
shown that inhaied corticosteroids are highly effective in the reduction of sympioms
and they may diminish airway hyperresponsiveness”™. A similar result is seen in the few
long-term studies with inhaled corticosteroids.®" At present, beta,-agonists are drugs
of choice to reduce bronchocenstriction. Short-acting inhaled beta,-agonists cause an
acute protection against bronchoconstricting agents which lasts for about 3 hours.”
However, long-term treatment with a short-acting beta-agonist does not diminish airway
responsiveness” and has been associated with a deterioration in symptoms and
airway caliber.*"

This randomized double-blind multicenter study was designed to compare the long-
term effect in children of regular bronchodilator plus antiinflammatory treatment using
inhaled corticosteroids with regular bronchodilator treatment alone. We report here the
course of airway caliber, bronchodilator response, alrway responsiveness and
symptoms over & median follow-up time of 22 months.
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5.3. Methods
5.3.1. Patients

Cne hundred and sixteen children aged 7 to 16 years with asthma were selected from
the outpatient clinics of two university children’s hospitals and one general children’s
hospital. Inclusion c¢riteria required the following lung function measurements: Forced
expiratory volume in one second (FEV,) 55-80% of predicted andfor the ratio
FEV, fforced vital capacity (FVC) 50-75%; an increase in FEV, after 0.2mg salbutamol
of >15% of baseling; the provocative dose of histamine which causes a 20% fall in
FEV, (PD,, histamine) <150 ug (this being more than two standard deviations below
the mean value in healthy children™). The study was approved by the medical ethics
committees of the participating centers. Informed consent was obtained from all
participants and their parents.

532 Design

The study commenced with a run-in period of 2 to 4 weeks during which the only
medication allowed consisted of inhaled beta-ageonist on demand. At the end of this
period, patients were randomly allocated in a double-blind manner to one of two
treatment arms by caling an independent telephone center. Randomization was
performed with stratification by sex, age, center and prior use of inhaled corticosteroid
and/or cromoglycate using a computerized minimization method.” Using this method
a patient is allocated to a treatment so as to minimize any imbalance between the
freatment groups for each stratum. Treatment consisted of inhaled beta,-agonist
{saibutamol 0.2 mg) plus inhaled corticosteroid (budesonide 0.2 mg) ti.d. (BA+CS)
or inhaled beta,-agonist (salbutamol 0.2 mg) plus placebo t.id. (BA+PL). Drugs were
supplied in identical canisters so that both patient and doctors were blinded to a
patient’s treatment allocation. Additicnal bronchoditator medication was supplied in a
different outfit {fencterol inhaletten, a dry powder device) t¢ be taken on demand at
a maximum of 0.2 mg g.i.d. No other pulmonary medication was allowed. Before entry
into the study any patients using inhaled corticosteroid or disedium cromoglycate had
it tapered off {inhaled corticosteroids were reduced by 30-100 ug per week) and
stopped 2 weeks before the first baseline measurements. Theophylline was not used
within 48 hours of each baseline test and was not used at afl after treatment allocation.
Primary endpoints for this study were airway caliber measured as FEV, and airway
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responsiveness expressed as sensitivity to histamine, i.e. the dose of histamine after
which FEV, dropped 20 percent of bassline (PD,,). Peak expiratory flow (PEF) prior to
medication both in early morning and late afternoon was alse used as a measure of
airway caliber and its day-to-day variability as a measure of airway responsiveness.
Bronchodilator response was measured both as FEV, 20 minutes after 0.8 mg
salbutamol and as PEF 10 minutes after 0.2 mg salbutamel. All measurements were
performed during clinically stable pericds. Clinical endpoints were assessed using
diary recerds of symptoms and additicnal beta,-agonist usage, exacerbations for which
predniscione was prescribed, absence from school and hospitalization because of
asthma symptoms.

In the baseling period, two separate visits to the clinic were necessary for
measurements of PD,, histamine and bronchodilator response of FEV,. The mean FEV,
from these two visits was used as the baseline FEV,. Thereafter, patients visited the
outpatient clinic every 2 months and had their FEV, measured. Inhaled medication was
stopped 8 hours prior to each test. At alternate visits bronchodilator response of FEV,
(at 2, 6, 10 months etc)) and PD,, histamine (&t 4, 8, 12 months etc.) were assessed.
When an exacerbation cccurred, a short course of prednisolone was prescribed
{starting at 30 mg on the first day and tapering off to § mg In one week according to
& scheme that depended on body weight). If prednisclone was taken within 4 weeks
of a scheduled study visit to the ciinic, then this visit was postponed until a 4-week
period without oral steroid had elapsed.

During the two-week period prior to each visit, patients kept diaries of their usage of
extra bete,-agonist and recorded symptoms of asthma. In addition they measured their
PEF using a mini-Wright peak flow meter at home on three occasions each day: in the
morning within half an hour of rising prior to bronchodilation, 10 minutes after
bronchodilation with 0.2 mg salbutamo! and prior to bronchoditation in late afternoon.
Each measurement consisted of 3 attempts, the highest value was recorded.

All data were collected and checked by the coordinating center in Rotterdam to ensure
completeness and o prevent bias due to local procedures. Interim analyses of the
study data were made by an independent statistical center every six months and
reviewed by a data-monitoring committee. Investigators were kept biinded of the
resulis of the interim analyses. At a meeting in November 1989 the data-monitoring
committee recommended that, in the light of the interim results, all patients who were
still on randomized BA+PL therapy be transferred to BA+CS at the next scheduled
follow-up visit. Therefore, the time on randomized ireatment ranged from 10 10 28
months {median 22 months). Consequently, at each patient’s next scheduled visit,
those patients still receiving BA+PL stopped that regimen and started the BA+CS
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regimen. This was obtained in a double-blind way by stopping the original medication
in both groups and starting with BA+CS in ail patients. All these patients are now
being followed up untll the planned completion of the study after three years on
treatment.

5.3.3. Protocels

FEV, was measured according to the ECCS recommendations™® by water sealed or dry
rolling seal spirometer or pneumotachograph. The largsst value from an envelops
curve consisting of 3-3 attempts was recorded.” Reference values of Zapletal were
used.” Postbronchodilator FEV, was measured with 0.8 mg beta,-agonist in order to
obtain maximal bronchodilation.” Salbutamol was administered using a metered dose
inhaler with a spacer (Volumatic®). One puff contained 0.2 mg salbutamol (the same
dosage per puff as used for treatment in this study). While inspiring slowly from
functional residual capacity 1o total lung capacity, salbutamol was inhaled immediately
after actuation. Subsequently, each breath was held for about 10 seconds before
expiration. This was done 4 times and FEV, was recorded 20 minutes after the last
dose of salbutamol. PD, histamine was measured by inhalation of histamine
diphosphate in doubling dosages according to a standardized protocol.” Histamine
solutions were stored at 4°C and nebulised at room temperzature, Each concentration
of histamine was nebulised with a separaie deVilbiss 648 nebulizer attached to a
Rosenthal-French dosimeter. Quiput of nebulizers was measured before the start of
the study and checked centrally once a year in the pediatric lung function laboratory
in Rotterdam® and nebulizers with an output variability of > 10 % were replaced. All
parts of each nebulizer were marked with waterproof paint to prevent interchanging.
As histamineg salt crystal precipitations may reduce nebulizer output by almost 50%,
nebulizers were cleaned after each measurement to prevent precipitations on the
orifice.® Preparation of histamine solutions was standardized in all centers. Inhaled
doses of histamine were doubled from 2.5 pg up to 640 g as a maximum. The effect
of each dose was determined by measuring FEV, 3 minutes after each administration.
PD,, histamine was calcuiated by a computer programme which used linear
interpolation. Airway responsiveness was only measured if FEV, before histamine
provocation was > 60% of predicted. All centers used written guidelines for
measurements and technicians were trained in the methods of measurements. Site
visits were made once a year 1o controi the equipment and the methods used.
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53.4. Statistical methods

Time to withdrawal from randomized treatment was analyzed using life-table methods
and the logrank test.™ Comparisons of FEV,, the logarithm of PD,, and average PEF
levels during the two week assessment pertods were made using t-tests. Numbers of
patients using extra beta,-agonist medication were compared using Fisher's exact test.
Distributions of days with symptoms during the two-week diary periods were compared
using the Mann-Whitney test. For the morning PEF measurement prior 1o
bronchedilation, variability for each patient was expressed as the standard deviation
of the daily measurgment prior to the clinic visit. Similar measures of day-to-day
variability were then obtained for the morning PEF measurements after bronchodilation
and the afternoon PEF measurements. Each measure of day-to-day variability was
compared between treatment groups using the Mann Whitney test. For the few
patients failing to compiete their diary for more than 7 days in any two-week period,
that assessment was not included in analyses. Ctherwise, when there were missing
days in the record, pro rata adjustment was made 1o give a two-week assessment, All
reported p-values are for two-sided tests and for simplicity of presentation are without
formal adjustment for muitiple comparisons over fime. In ail cases, use of the
Bonferroni adjustment procedure® would not change the statistical conclusions based
on such observed small p-values. Changes in p-values aver time should be interpreted
with care; in particular, increases can be attributable to the smaller number of patients
followed for longer periods.

5.4. Results

5.4.1, Baseline Comparison

Between October 1987 and April 1889, 116 patients were randomized into the study.
Patient characteristics at randomization were similar (table 1) except for a slightly

poorer mean FEV, % predicted in the BA+CS group compared with the BA+PL group
which is well within chance variation.
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Table 1.

Baseline characteristics by treatment group

Treatment group*

Sex: no. (%) male
Age {(years): mean (s.d.)

Prior use of inhaled
corticosteroids: no. {%)

Prior use of

cromoglycate: no. {35}

FEV, % predicted:

mean (s.d.)

Post-bronchoditation FEV,
% predicted: mean {s.d.}

Morning PEF I/min;

mean (s.4.)

PD,, ng histamine:
median (quarstiles)

Days in two weeks with
symptoms: median (quartiles)

BA+PL
{n=58)

44 (76%)

10.9 (1.9)

32 (55%)

28 (48%)

78.7% {12.0%)

95.5% (11.3%)

278 (63)

21.5 (10, 49)

4(1,9

BA+CS
{(n=58)

42 (729%)

11.0 (1.9)

29 (50%)

28 (48%)

75.7% (10.8%)

93.6% (11.4%)

287 (73)

21.5 (8, 38)

4(1,9

* BA+PL: beta-agonist plus placebe
BA+CS: beta-agonist plus corticosteroid

542

The length of follow-up from randomization to the termination of the comparative part
of the study ranged frem 10 to 28 months. Twenty-nine patients withdrew from the
study during this time: 26 of these received BA+PL and 3 received BA+CS. The main
reason for withdrawal was an increase in asthma symptoms (24 on BA+PL, 1 on
BA+CS). Figure 1 shows the estimated percentages withdrawing by each visit by
treatment group obtained using the life-table method® to allow for the variable follow-
up. The rate of withdrawals from BA+PL appears continuous over time and the
difference compared with the BA+-CS group is highly significant (P<0.0001). As only

Withdrawals from the study
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10 patients randomized

to receive BA+PL have 100+
been foliowed on-treat-
ment for longer than 22
months, the on-treaim-
ent analyses presented
are restricted to this
period.

i is important to appre- o ."/. ] B — . i I —
ciate how the differential 0 2 4 6 8 10 12 14 18 18 20 22
withdrawal rate might Month

affect the estimation of Figure 1. Withdrawals adjusted for variable follow-up during treatment
. ith beta.-agonist + inhaled corticostercid {solid ling) or with bata,-
treatment  differences. with beta,agonist + inhal rti eroid {solid ling) or w a,

agonist + placebo (dashed line).
Table 2 shows a com-

parison, for the BA+PL. patients, of characteristics at randomization for those patients
not withdrawing from the study compared with those patients withdrawing from
randomized treatment. This shows that patients in the BA+PL group who withdrew
tended to have poorer airway caliber, greater histamine sensitivity and more frequent
symptoms than those staying on the study treatment. The percentage that was treated
with inhaled corticostercids before entry into this study was sfightly higher, and the
percentage that used cromoglycate before the study was slightly [ower than in the non-
withdrawals. Further analysis of the patients who withdrew showed that they also
tended to have greater deteriorations in lung function. For example, the mean decline
in FEV, during the first 2 months was 3.5% predicted amongst patients still receiving
BA+PL at 12 months compared with a mean decline of 7.0% predicted for those who
withdrew between 2 and 12 months from randomization. Therefore, the following on-
treatment comparisons are likely to produce conservative estimates of the differences
between the treatment arms and hence of the addition of certicosteroids tc
bronchodilator therapy.
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54.3. Airway caliber and bronchodilator response

5.4.3.1. FEV,

At the first follow-up visit (2 months), FEV, % predicted shows a mean absoclute
increase of 7.0% in BA+CS and a mean reduction of 4.0% in BA+PL. This mean
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treatment difference of 11.0% (85% confidence interval: 7.1% tc 14.9%, p<0.0001) is
then maintained at all subsequent visits up 10 22 months, For instance, at 12 months
the mean difference in FEV, % predicted is 14.1% ($5% confidence interval: 8.1% to
19.1%, p<0.0001) and at 22 months the mean difference in FEV, % predicted is 14.0%
(85% confidence interval: 5.9% to 22.1%, p = 0.0017). The same pattern emerges in
looking at the percentages of patients with improved FEV, % predicted (relative to
baseline) over time and at the percentages that reach a level which is within the normal
range {>80% predicted) (tabie 3). The majority of patients on BA+PL have some
deterioration in FEV, % predicted while at least three-quarters of patients on BA+CS
show an improvement. 42% reached a level of >90%. The decline in the numbers of
patients followed-up reflects both the staggered times of entry io the study and
withdrawals from randomized treatment.

Figure 2 shows the mean levels of FEV, before and after bronchodilation measured at
alternate visits. For FEV, after bronchodilation, there is an absclute increase of 3.7%
predicted within 2 months on BA+CS and an absolute decrease of 1.1% predicted on
BA-+PL (p=0.0005). There is then no significant trend in mean tevel so that the
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Figure 2. FEV.% predicted (SEM} before and after 0.8 mg salbutamol during treatment with beta,-
agonist + inhaled corticosteroid (solid line) or with beta,-agenist + placebo (dashed line).

difference between the two treatment groups is maintained. It is important to notice
that even after a median follow-up period of 22 months there is a significant
improvement of FEV, after administration of a bronchodilator.
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Tabie 2. Baseline characteristics of beta-agonist+placebo patlents according to whether
they subsequently withdrew or not

Non-withdrawals Withdrawals
{n=32) {n=226)
Sex: no. (%) male 24 (75%) 20 (77%)
Age: mean (s.d.) 10.8 (1.8} 11.0 {1.8)
Prior use of inhaled
corticostercids: no. {%) 16 (50%) 16 (62%)
Prior use of
cromoglycate: no. (%) 17 (53%) 11 (42%)
FEV, % predicted:
mean (s.c.) 81.6% (12.1%) 75.3% (11.1%)
Post-bronchodilation FEV,
% predicted: mean (s.d.} 97.0% (12.3%) 83.7% (9.8%)
Morning PEF Vmin:
mean (s.d.) 279 (59) 276 (68)
PD,, 1g histamine:
median (quartiles) 24.5 {14, 58) 15.5 (6, 28)
Days in two weeks with
symptoms: median (quartiles) 30,7 6 (2, 11)
Table 3. Individual patlent change in FEV, and PD,;: percentages reaching normal leveis

and percentages showing improvement from baseline by {reatment group

Months 0 2 4 6 g 16 12 14 16 18 20 22
BA+CS™

no. of patients 58 58 58 57 56 56 55 48 42 36 32 29
% improved FEV, - 79 8 8 83 8 88 83 8 91 93 92
% FEV, > 80% predicted 5 20 33 35 44 34 43 43 47 S50 46 4z
% Improved PD,, - 77 84 82 87 100

% PD,, > 150 1g 2 & S 18 24 26
BA+PL™

ne. of patients 58 583 47 45 41 38 34 28 25 20 17 17
% improved FEV, - 42 30 31 42 31 46 31 42 25 37 57
% FEV, > 90% predicted 15 12 9 18 25 13 21 18 17 21 18 28§
% improved PD,, - 34 30 37 48 37

% PD,, > 150 pg 0 0 3 4 0 6

* BA+PL: beta-agonist plus placebo
BA+C8: beta-agonist plus corticostercid
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5.4.3.2. Peak expiratory flow

Changes in PEF are shown in figure 3 for the morning measurements, before and after
bronchodilation. Without bronchodilation, there is an acute effect of corticosteroids in
raising PEF which is established within two months of the start of treatment: average
increase from baseline of 35.6 |/min in the BA+CS group compared with 3.7 /min in
the BA+PL group (p=0.0030). This difference then remains for the 22 months of
follow-up though both groups show continuing but weak upward trends which are
attributable to the childrens’ growth.® Both treatment arms show average differences
of 20 to 25 |/min between morning and afternoon measurements throughout the period
so that the same pattern of change with time is observed for the afternoon PEF as for
the morning level. Thus the magnitude of the benefit of corticosteroid treatment is not
influenced by the time of day.

Additional bronchodilation shows the same pattern on PEF (figure 3} as on FEV,
(figure 2): There are still gains in PEF in the BA+CS group though the difference
between levels achievaed with and without bronchedilation is smalier in the BA+CS
group compared with the BA+PL group. Howsver, unlike FEV,, the effect of BA+CS
is to increase prebronchodilator PEF to a similar level as patients on BA+PL obtain
after bronchedilation.

456
after

400

00 L~ before
= after
-= 3504
g »i before
t5 300,
Q.

250-

e

OT L] & ] L] 11 1] L 1] L) -
G 2

4 6 8 10 12 14 16 18 20 22
Month

Figure 3. Moming PEF (I/min, SE) before and after 0.2 mg salbutamol during treatment with beta,-
agonist + inhaled corticosteroid (solid Ine) or with beta,-agonist + placebo (dashed ling).
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5.4.4, Airway responsiveness

54.4.1. PD, to histamine

Figure 4 shows the ef-

fect of treatment on 100}
airway responsiveness. acd
in the BA+CS group, .
. . 2 60
there is an average In- =
crease of 0.88 (doub- EN 404
ling) dose steps be- 20 . 1 1
tween baseline and 4
months compared with a 0+ 0 4 8 12 16 20
0.42 decrease in the Month

BA+PL group. This dif-

Figure 4. Geometric mean PD,, histamine (SEM) during treatment with
ference of 1.40 dOS€ gp agonist + inhaled corticosteroid (sofid line) or with beta,-agonist
steps is highly significant + placebe (dashed fine).

{p<0.0001, 95% confi-

dence interval: 0.77 1o 2.02). After 4 months, the difference increases further without
reaching a plateau during the ensuing follow-up. This is also reflected by the increasing
percentage of patients with ime who reach levels that can be considered as within the
normal range (>150 ug histamine) (table 3). After a median follow-up period of 22
months the mean PD,, value is 80 pg in patients on BA+CS.

5442  Variabilify in peak expiratory flow rate

Figure 5 shows the change with time in the day-to-day variability of the morning PEF
before bronchodilation during the two week measursment periods. In the BA+CS
group, the average standard deviation of measurements is reduced by 5.9 I/min within
2 months (nearly one-quarter in relative terms) compared with an increase of 1.6 I/min
in the BA+PL group (p = 0.015). Thereafter the difference between treatment groups
is maintained. The reduction in effect beyond 16 months suggested in figure 5 should
be interpreted with caution because of the small numbers of patients followed for that
long. Similar patterns of change are seen for the morning PEF after bronchaodilation,
the afternoon PEF and the difference between morning and afternoon measurements.
Thus the addition of corticasteroid to beta,-agonist benefits patients both by increasing
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PEF levels and by decreasing day-to-day variation which, together, imply a much
recuced probability of days with very poor PEF and also of greater stability in airway
caliber,
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Figure 5. Standard deviation between days in morning PEF {|/min, SEM) before bronchodiiation during
treatment with beta,-agonist + inhaled cortocestercid (solid line) or with betaagonist + placebo
(dashed ling)

5.4.5. Clinical signs
54.5.1. Symptoms

The number of days during the 14-day period before a clinical visit on which a patient
recorded any symptoms is used as a measure of symptom burden. Figure 6 shows
the percentages of patients by the number of days affected. in the BA+PL group 20-
25% of patients have 8 or more days with symptoms at each visit. This compares with
a decline to about 10% of patients receiving BA+CS. A similar effect is seen for the
percentage of patients that was symptom free during the two weeks before each visit:
32% in the BA+PL group at 12 months increasing to 47% at 22 months compared with
48% in the BA+CS group at 12 months and 61% at 22 months. After 2 months of
treatment the median number of days with symptoms is 3 days in the BA+PL group
and 2 days in the BA+CS group. This difference increases to 3 days versus 1 day at
12 months (p=0.016} and to 4 days in the BA+PL-group and 0 days in the BA+CS-
group after 22 months (p=0.25). The latter lack of significance needs to be interpreted
with caution because of the small numbers,
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5.4.5.2.

On-demand use of extra betaragonist medication

At baseline 49% in the BA-+CS group and 52% of patients in the BA+PL group report
no use of the additional bete,-agonist medication during the 14 days prior to the clinic
visit. There is little change in either group by the 2-menth visit but at 12 months 66%
of BA+CS patients report no use compared with 52% of BA+PL patients. At 22
months thase percentages are 71 and 67 respectively. These differences are not sta-
tistically significant (p = 0.26) though they are consistent with the findings for other

endpoints.

5.4.5.3.

Twenty-eight  patients
(48% and including =z
total of 45 episcdes) on
BA+PL suffered exacer-
bations for which pred-
nisolone was prescrived
compared with 8 (14%
and inciuding a total of
14 episodes) on BA+CS
(p=<0.001). Adjustment
for the different lengths
of follow-up on random-
ized treatment indicates
a difference in the rate
of episodes per person-
year between the
BA+PL group (0.71) and
the BA+CS group
(0.15).

Three patients were
hospitalized whilst re-
ceiving randomized
ireatment because of the
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Figure 6. Days with symptoms per two weeks, % of patients during
treatment with beta,-agenist + inhialed corticosteroid (upper panel) or
with beta-agonist + placebo (lower panel).
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5.4.8.4. Absence from schoof

Absence from school due to asthma symptoms was recorded throughout the study.
Whilst receiving randomized freatment, 23 patients (47%) in the BA+PL group had no
absences compared with 32 {62%) in the BA+CS group. Five children in the BA+PL
group averaged more than one day per month compared with three in the BA+CS
group. Comparisen of the absence rates adjusted for time on-treatment shows a lower
rate for the BA-+-CS patients which is of marginal significance (p=0.07).

5.4.5.5. Adverse events

Thirty-four patients reported adverse events (table 4}: 18 on BA+PL (33 events in total)
and 16 on BA+CS (31 events in totaf). All adverse events are minor and none was a
reason for stopping randomized treatment. No abnomal growth in height was reported
for any child during the study. Mean height (8.E.) in cm was 153.6 (2.0} for BA+CS,
151.3 (2.2) for BA+PL at 12 months (p=0.44) and 158.8 {(3.0) for BA+CS, 156.2 (3.3)
for BA+PL at 22 months follow-up (p=0.43).

Table 4. Adverse events reported

Adverse event Frequency

BA+-PL. BA+CS*

Tremble
Agitation
Headache
Nausea
Vomiting
Sleepiness
Unpleasant taste
lrritated throat
Hoarse voice
Cough
Wheeziness
Sneezing

Noseg bleeding
Increased appetite
Increased weight

O L2 2D W2O~0ONAMNN

~—ocooco=Poproxapnon

*  BA+PL: beta-agonist plus placebo
* BA+CS: beta-agonist plus corticosteroid
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548, Subgroup analysis

Further subgroup analyses of treatrment differences in all endpoints were undertaken
for patients stratified by sax, previous carticosteroid use, previous use of cromoglycate
and baseling lung funiction. These did not reveal any particular type of patient that was

more {or less) prone to benefit from BA+CS.

5.5. Discussion

This is the first long-term randomized intervention stucy that assesses the effect of
adding inhaled corticosteroid to beta-agonist therapy in children with asthma.
Endpoints were airway caliber, bronchodilator response, airway responsiveness and
symptems. All endpeints improved in the group that received inhaled corticosteroid.
In these patients stabilization of airway caliber and bronchodilator response occurred
after 2 months, and of symptoms after § months, whereas airway responsivensss
improved continuously over the whole period. In patients on beta,-agonist only there
was a high rate of withdrawals dug 10 an increase in symptoms and there was no
improvement in any endpoint.

For this study, only children with asthma who needed daily medication were selected.
It took 18 months to include all 116 children, which was mainly caused by the high
percentage of eligible patients (over 50 %) who refused participation. The main reason
for refusal was the foreseen long duration of the study. Of the patients who agreed to
participate 33 withdrew before randomizaticn mainly because of worsening of their
asthma due to tapering off their inhaied corticosteroids or cromogiycate. This
underlines the difficulty in enrciing a large number of patients into a long-term
intervention study such as this one.

Results from long-term studies are only reliable when methods for measurements and
eguipment remain unchanged over time. We therefore put maximal effort into standard-
ization of lung function measurements. Lung function technicians adhered to & strict
protocel and had their techniques checked on regular occasions. Furthermore, a
committee of lung physiologists visited each site once a year 1o ensure the standard-
ization of techniques.

For this study we decided {o use the position of the dose-response curve (PD,,) as the
only measure of airway responsiveness. Using methacholine instead of histamine
would have enabled us to also measure a response plateau.” However, when we
planned the study this technigue had not yet been used in children sc that we did not
consider it justified to perform plateau measurements in a large multicenter study.
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The median follow-up period on randomized treatment after which data were analysed
was 22 months. Ons of the most striking effects found was the high rate of withdrawals
due to symptoms amecngst patients on beta,-agonist only. For ethical reasons it was
therefore decided to stop the study. Half of the patients on beta,-agonist only were still
on randomized treatment at that time. This high rate of withdrawals seems to be partly
attributable to tapering off inhaled corticosteroids shortly before the start of the study.
We might have had less drop-outs i the washout period had been longer, but that
would have raised practical problems. For most patients who were on inhaled
corticosteroids before the start of the study it took 8-12 weeks before wash-out had
been completed. As mentioned above, 33 patients withdrew before randomization
(before the first baseiine visit or between the two baseline visits) because of worsening
of asthma during or after tapering off inhaled corticosteroids. it would have been ideal
to include only newly referred patients with asthma who were not on inhaled
corticosteroids, like Haahtela et al.” did, but we were not able to enroll enough new
patients within the predefined entry period. Amongst patients randomized to receive
beta,-agenist only and who subsequently withdrew, baselineg lung function was poorer,
they were more hypeérresponsive and had more symptoms comparad with those who
remained on-treatment throughout. Patients on beta,-agonist only who dropped out
also showed a deterioration in lung function that was more proncounced than in
patients who remained on randomized treatment. This makes it likely that differences
between the two treatment groups would have been larger if patients who droppead out
had remained in the study. '

The endpoints taken were considered relevant as indicators of different aspects of
disease activity.®* All endpoints showed an improvement over time in patients on
beta,-agonist pius inhaled corticosteroid. Howsver, the time needed to reach a plateau
differed for the various endpeints: Stabilization of airway caliber and bronchodilator
response occurred after 2 months on randomized treatment, whereas this took about
8 months for PEF-variability, reported symptoms and the use of additional beta,-
agonist. The only measurement that did not appear to reach a plateau after a median
foliow-up time of 22 months was histamine responsiveness. The average level reached
after such a long period was not within the normal range atthough about a quarter of
the patients did reach values within -2 S of the mean value for non-asthmatic children.
This finding strongly suggests that even after a year of treatment, a further improve-
ment in airway responsiveness occurs. This is likely to be of clinical significance
because many studies have shown that, within a group of subjects, levels of bronchial
responsiveness are related to the severity of asthma symptoms, although this may not
always be the case within subjects.® Within each group a number of individual
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patients did normalize after the median follow-up period of 22 months: 26% of the
patients on beta,-agonist plus inhaled corticosteroid reached a PD,, within the normal
range versus 6% on bata,-agonist only. FEV, came within the normal range in 42% of
patients on beta,-agonist plus inhaled corticosteroid and in 28% of those on beta,-
agonist only.

In our design we chose for a comparison between daily treatment with inhaled bete.-
agonist and a combination of inhaled beta,-agonist plus inhaled corticosteroid in order
to obtain optimal intervention directed against factors which are predictive for long-term
outcome, i.e. airway caliber and airway hyperresponsiveness® during the whale study
period. Both regimens employed commonly used doses. Recent shorter-term studies
suggest that beta,-agonist on demand is preferable to reguiar beta-agonist because
of an increase in asthma sympioms™ and an accelerated decling in lung function in
adult patients on daily beta-agonist treatment™. Also Hazhtela and coworkers recently
found a somewhat faster decline in FEV, in patients who were regularly treated with
beta-agonist than in patients who received inhaled corticosteroid, aithough the
difference between the groups was not significant™. In our study, patients who were
randomized to receive beta-agonist only and remained in the study showed a
decrease in airway caliber which was slight and occurred in the first 6 months; after
about 8 months airway caliber stabilized. However, the decrease in airway caliber was
not associated with an increase in symptoms or an increase in the use of additional
beta,-agonist. The reduction in airway caliber was therefore apparently not of clinical
relevance. In the patients on beta-agonist only who subsequently withdrew airway
caliber deteriorated to the same extent whereas their initial FEV, before randomization
was lower than in the group on beta,-agonist only who remained in the study. it is
likely that the main reason for this decrease in airway caliber could be the withdrawal
of inhaled corticosteroids before entry, but we cannot exciude that other factors have
also played a role. The bronchodilator response remained unchanged in both
subgroups, which indicates that tachyphylaxis to beta,-agonists is unlikely. This
conforms to the findings of Van Schayck and coworkers.®

In & number of studies a deterioration of histamine or methacholine responsivensss
was observed during treatment with beta-agonists for weeks or months ®* However,
this was not the case in another study.® There was a slight deterioration of airway
responsiveness in the patients on beta,-agonist only in the first 4 months of follow-up,
but mean histamine responsiveness improved again thereafter. This could well be due
to the fact that the most hyperresponsive and symptomatic patients had withdrawn by
that tme.

in the beta,-agonist only group symptoms were unchanged. Here again we have to
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emphasize that only data are presentad of the patients who did not withdraw. As the
mzjor reason of withdrawal on beta.-agonist only was an increase in symptoms, the
on-treatment analyses underestimate the likely difference between freatment groups.

Airway caliber might influence the degree of airway hyperresponsivaness as has been
extensively discussed.**¥ Yan and coworkers could not find a relation between these
two, while Rarmsdale and coworkers found that airway obstruction couid explain about
35% of the response to methacholine in asthmatic patients. ™ Analysis of individual
changes in lung function after bronchial provocation tests did not show a correlation
with the degree of BHR.* In our patients the improvement in PD,, histamine occurred
independently of airway caliber after about 2 months of randomized treatment. FEV,
increased mainly during the first two maonths, while airway hyperresponsiveness
diminished steadily during the median follow-up period of 22 months.

Airway responsiveness and PEF variability are both considered to reflect asthma
severity. According to some authors™® they are interrelated. We did not find such a
relationship in children on beta,-agonist plus corticosteroid: whereas PD,histamine
improved steadily over the whole study period, PEF variability decreased in the first 2
months but remained unchanged thereafter. We suggest that PD,histamine and PEF
are different indicators of the “twitchiness® of airways.

it remains to be determined how the combined effect of inhaled beta,-agonist plus
inhaled corticosteroid is compared to that of inhaled corticosteroid alone. In our study
brenchodilation remained to have an effect on FEV, and PEF in the patients on beta.-
agonist plus inhaled corticosteroid. However, Sears and coworkers™ suggest that even
in patients who are on a maintenance treatment with inhaled corticostercid an on-
demand freatment with beta,-agonist is preferable to additional maintenance therapy
with these drugs. This issug is the subject of considerable debate and further studies
are needed to resolve it
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6.1. Summary

In a previous study we showed that long-term (median follow-up 22 months)
treatment with inhaled corticosteroid pius beta,~agonist improves both symptoms,
airway caliber and airway responsiveness in children with asthma compared with
beta,-agonist alone. We found that on treatment with inhaled coriicosteroid plus
beta,-agonist airway caliber did not further improve after 4 months, whereas PD,
histamine showed gradual improvement without reaching an apparent plateau. in
this study we followed the children who received inhaled corticosteroid plus beta,-
agonist further up untl 28-36 months and considered whether they achieved
remission of their asthma. Remission was defined as being symptom free during
any 8 month pericd. Of the 58 children originailly randomized to receive salbutamol
0.2 mg plus budescnide 0.2 mg tid. five children withdrew: 3 due to lack of
motivation, 1 due to psychological reasons and 1 due to a deterioration of asthma.
One patient was hospitalized because of an asthma exacerbation. Airway caliber
showed no improvement after 4 months up 10 38 months. Geometric mean PD,
histamine stabilised afier 20 months at 2.1 doubling doses above baseline but at a
subnormal level of 80 ug. Symptoms improved during the first 18 months and may
be improving further but slowly after 18 months up to 36 months. Thirty-five patients
(60%) achieved az period of remission at some time during the 28-36 months of
treatment. However, 23 (68%) of these had a relapse. These results suggest that
long-term treatment with inhaled corticosteroid improves both clinical signs, airway
caliber and airway responsiveness but brings only a minority of the patients into a
long-tasting remission.

6.2. introduction

Asthma is a chronic inflammatory disease™ which is characterized by symptoms of
airway obstruction such as cough, wheezing and breathlessness. Currently the
most effective drug is inhaled corticosteroid, probably because of antinflammatory
properties®™. Inhaled corticosteroids diminish symptoms, the need for additional
beta,-agonists™ and peak expiratory flow (PEF) variability®; they improve airway
caliber™, and after long-term use they decrease airway responsiveness to histamine
and methacholine™. One study suggests that long-term antiinflammatory treatment
may even induce remission’. According to international consensus reports, the
primary aim of asthmz treatment should be the total relief of symptoms ™ I
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remains io be determined if normaiization of airway responsiveness should alsc be
an aim of treatment, as this is one of the known risk factors for symptomatic
asthma in adulthood™. In an earlier paper we describaed results of a double-blind
randomized multicenter intervention study in children with moderate asthma in
which the effects of treatment either with a beta-agonist plus an inhaled
corticostercid or with a beta-agonist alone were compared on airway caliber,
bronchodilator respeonse, airway responsiveness to histamine and symptoms®. After
a median follow-up pericd of 22 months this study was stopped because of the
high rate of withdrawals mainly due to an increase of symptoms in the group of
patients receiving beta,-agonist only. At that time a significant improvement in lung
function and airway responsiveness and a reduction in sympioms were observed in
patients receiving inhaled corticostercid, However, it was not clear if the full benefits
of inhaled corticostercid had been obtained by this fime. Therefore patients on
beta,-agonist plus inhaled corticostercid continued their treatment, being followed
up for 28 to 36 months to assess the important question as to whether remission
might be reached. We report here the results of this extended follow-up.

8.3. Methods
8.3.1. Patients

Fifty-eight children aged 7 to 16 years with moderate asthma were selected from
the outpatient clinics of two university children’s hospitals and one general
children’s hospital. All children belonged to the group that had been randomized to
treatment with beta_-agonist plus inhaled corticosteroid in the 22-month comparative
study®. Inclusion criteria were symptomatic asthma, forced expiratory volume in one
second (FEV,) 55-80% of predicted and/or the ratio FEV, florced vital capacity (FVC)
80-75%; provocative dose of histamine which causes a 20% fall in FEV, (PDy
histamine) <150 pg {more than two standard deviations below the mean value in
heaithy children™). The study was approved by the medical ethics commitiees of
the three certers. All children and their parents gave their informed consent.

68.3.2 Design

Details of methods and protocols are described in our previous publication, so we
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give only a brief summary here®. Clinical endpoints for this study were symptom
scores and additional beta,-agonist usage, exacerbations for which prednisolone
was prescrivped, absence from school because of asthma symptoms and
hospitalization. During the two-week period prior t0 sach visit, patients kept diaries
of additional beta,-agonist use and recorded whether symptoms of asthma were
experienced. In addition they measurad their PEF using a mini-Wright peak flow
meter at home on three occasions each day: in the morning within half an hour of
rising and prior {0 bronchodilation, 10 minutes after bronchodilation with 0.2 mg
salbutamol and prior to bronchodilation in the [ate afternoon. Each measurement
consisted of 3 attempts, the highest value was recorded. The number of days on
which symptoms were recorded during the 14-day period prior to a clinic visit was
used as a measure of symptom burden. Functional endpcints were airway caliber
measured as FEV, and alrway responsiveness expressed as PD,, 1o histamine. PEF
prior to medication both in early moming and late afternoon was also used as a
measure of airway caliber and both its cay-to-day variabilty and its within-day
varigbility as additional measures of airway responsiveness. Bronchadilator
response was measured both as FEV, 20 minutes after 0.8 mg salbutamol and as
PEF 10 minutes after 0.2 mg salbutamol. The coordinating center in Rotterdam
collected and checked zll data to ensure completeness and to prevent bias due to
local procedures.

The study had t¢ be terminated on October 1, 1980 because the financial support
stopped at that time. Thus, not all patients could be followed for the period of 3
years originally planned. The range of follow-up was 28-36 months.

6.3.3. Definition of remission

We defined remission in terms of symptomatic outcome during any eight-month
period preceding a clinic visit, A patient was said to be in remission if he reported
no symptoms and used no additicnal beta,~agonist during any of the two-week
periods prior to each of the four dlinic visits during the eight-month period, and also
took no prednisclone course and had no hospitalization nor absence from school
due to asthma during the same period. The choice of an eight-month period is
arbitrary but was motivated by the fact that the group behaviour of the study cohort
appeared {0 be stable after 20 months and up until the minimum length of follow-up
of 28 months, a period spanning 8 months.
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8.3.4. Statistical methods

To assess whether FEV,, PD,, and PEF were changing after at least 18 months on
treatment, a linear regression line was fitted to each subject's seqguence of
measurements from the visits at and after 18 months. A t-test was then used to test
whether the average rate of change across subjects {the average slope of the
individual regressions) was significantly different from zero. To assess whether the
rate of reporting of symptoms and of additional beta,-agonist was changing after 18
months, a simple linear regression was fited to the rates at each visit and the
hypcthesis that the slope of this regression is zerc was tested.

Fisher's exact test, the two-sample t-test or the Wilcoxon test were used to assess
for factors that were predictive of remission. For ail tests undertaken, p-values are
only reported when smaller than 0.2.

6.4. Results
8.4.1. Baseline characteristics and length of follow-up

Between October 1987 and Aprit 1988, 58 patients were randomized to receive
beta-agonist plus inhaled corticostercid in the comparative study®. Table 1 shows
their baseline characteristics. All patients who had not withdrawn from this freatment
continued their medication untl October 1991 or untl 38 months after
rancdomization if this was earlier. Five patients withdrew from ftreatment. Three
withdrawals occurred during the blinded comparative phase (after 4, 6 and 14
months, respectively), one because of many asthma symptoms, one because of
social reascns (lack of motivation) and one because of psychological reasons. Two
patients withdrew during the open phase (at 22 and 24 months, respectively), both
due to lack of motivation. Al the remaining 53 patients completed a minimum of 28
months of treatment with BA+CS; 50 completed 30 months and 34 finished 36
months.

542 Clinical signs

The number of days on which symptoms were recorded during the 14-day pericd
prior {0 a clinic visit is used as a measure of symptom burden. The number of days
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Table 1.

remission or not at the end of follow-up.

Characteristics at baseline for the whole group and by whether patients were In

Sex: no. (%) male
Age (years): mean {(s.¢.)

Prior use of inhaled
corticostercids: no. (%)

Prior use of
cromoglycate: no. (%)

FEV, % predicted:
mean (s.d.)

Post-bronchedilation FEV,
% predicted: mean (s.d.)

Morning PEF I/min:
mean {s.d.)

PD,, g histamine:
median (quartiles)

Days in two weeks with

Whole group No remission

(n = 58)
42 (72%)

11.6 (1.9)

29 (50%)

28 (48%)

75.7% (10.8%)

93.6% (11.4%)

287 (73)

21.5 (8, 38)

symptoms: median (quartiles) 4 (1, 9)

on which symptoms were recorded during the 14-day period prior 10 a clinic visit is
used as a measure of symptom burden. Figure 1 shows the percentages of

patients by the
number of days
affected. Symptom
burden decreased
over time during
the first 18 months.
Thereafter, about
one-third of pat-
ients reporied sym-
ptoms con at |east
one day during the
two-week period
prior t0 each clinic

% of pationts

8

F-3
(=3
i

(n = 38}
25 (66%)

11.1 (20)

21 (55%)

20 (53%)

75.6 (9.7%)

93.7% (9.1%)

291 (78)

21 (9,35)

6 (2.9)

Remilssion
n=20

17 (85%)

10.8 (1.8)

8 (40%)

8 (40%)

75.8 (12.8%)

93.5% (15.2%)

280 (59)

25.5 (8,45)

2.5 (0.4)

pevalue

0.22

Q.77

0.41

0.42

095

c.8s

Q.60

0.36

0.045
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Figure 1. Days with symptoms per two weeks, % of patients.
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visit though there was evidence of marginal significance (p=0.08) that this rate may
still be decreasing slowly during the period between 18 and 36 months.

At baseling, 50% of patients reported n¢ use of additional beta,-agonist during the
14 days prior to the clinic visit. By 18 months 83% of patients reported no use.
There was no further improvement between 18 and 36 months.

Fourteen of the 58 patients (24%) received a total of 26 courses of prednisoclone.
This represents an average of 0.17 courses per patient-yvear of treatment. This rale
was fairly constant from year to year: 0.16 in the first year, 0.20 in the second and
C.13 in the third.

One patient was hospitalized because of severe asthma symptoms for 7 days after
18 months of treatment.

Twenty-five patients (43%) had absences from schocl due to asthma. The total days
absent was 283 representing 1.9 days per patient-year of treatment with BA+CS.
This remained stable from year 10 year: 1.8 in the first year, 2.0 in the second and
1.5 in the third.

8.4.3. Airway caliber and bronchodiiator response

Average pre-bronchodilation FEV, had increased from 76% predicted at baseline o
86% at 4 months and did not improve further over iime. Average post-
bronchodilator FEV, showed an increase from 94% at baseline 1o 87% by 2 months
gfter which it remained stable during the complete follow-up period.

There was an acute effect of treatment in raising PEF by 38.6 i/min between
bageline and 2 months. Thereafter, the upward frend in both pre- and post-
bronchodilation PEF {averaging 12.3 |/min per year between 18 and 36 months,
©=0.03} was similar to that expected due to the children’s growth™. The average
evening PEF (before bronchodilation) showed the same trend, being consistently
between the pre- and post-bronchodilation moming levels.

B.4.4. Airway responsiveness
The geometric mean PD,, histamine increased steadily over time and reached a
plateau at & subnormal level (just below 80 ug) between 20 and 24 months (mean

increase 2.1 doubling doses {DD)) (figure 2).
The average standard deviation in day-to-day variability of the morning PEF before
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bronchodilation was
reduced by 5.9 |/min within
2 months and stabilized 120,
after 8 months at a levei of
about 20 I/min which was
maintained until the end of 80+
the study period. Average
change in PEF between
morning and afternoon 40+
measurements declined

100+

PDy, (g)
8

from 24.7 [/min at 2

baseline to a level of 64 : . . . x - T r '
about 18 min after 8 o 4 8 12 13M°nﬁz:o 24 28 32 3%
months and was

maintained thersafier. Figure 2. PD,, histamine geometric mean (SE).

6.4.5. Remission

Of the 58 patients, 35 (B0%) experienced at least one pericd of symptomatic
remission. The number of patients in remission increased with time on treatment.
For instance, in the first 8 months of the study 7 patients (12%) were in remission;
in the eight-month periods prior to the visits at 20, 28 and 36 months, the numbers
in remission were 10 {(17%), 15 (26%) and 13 (34% of those completing 36 months),
respectively. However, the majority of patients achieving remission (23 of 35, 66%)
had a relapse during the three years of follow-up.

At the end of the study’s follow-up, 20 patients (35%) were in remission. Cf these,
only 8 alsc had normal PD,, histamine (>150 pg) and FEV, (>90% predicted) at the
clinic visits during the previous eight months; 3 other patients had one, bui not
both, levels of PD,, histamine or FEV, % predicted within the normal range at each
visit. Comparison of baseline characteristics for patienis in remission at the end of
foliow-up versus those who were not showed that the former group reported
significantly fewer days with symptoms at baseline (Table 1). FEV, % predicted and
post-bronchodilator response showed no predictive value and there is little
difference in average PD,, histamine or PEF levels.



6.4.8, Adverse events

Twenty patients mentioned side effects. All these side effects were minor (e.g.
cough, hoarseness, irembleness) and were never a reason io sStop study
medication. Increase in height was not different from a healthy reference group
which was followed up longitudinaily.'

6.5. Piscussion

This siudy describes the results of 28-36 months treatment with inhaled
corticostercid plus inhaled beta,-agonist on asthma in children. Average levels of all
jung funclion measuremenis had stabilized zfter 20 months of treatment but at
levels outside of the normal range. Symptom burden reduced markedly over the
first few months of treatment but there may stiil be 2 continued slow improvement
beyond 18 months as evidenced, in particular, by the increasing numbers achieving
symptomatic remission. In general, individual patienis improved with treatment: the
majority showed a decrease in symptoms, PD,, levels were improved in all but four
patents and FEV, in ali but five patients. Also, we did not find any pre-treatment
characteristics which identify a subgroup of patients for whom the treatment had no
benefit.

This is the first study in children to have considered whether a long-lasting
remission from asthma can be induced by drug treatment. Although it has been
shown that about half of children will reach a remission spontaneously in puberty or
adolescence™ 7 (especially amongst these with mild asthma), it is an important
question as children with more severe asthma are more likely 1o suffer from asthma
in adulthood.®™® We arbitrarily defined a symptomatic remission as a period of 8
momths without any symptoms reported. During 28-36 months of treaiment with
inhaled corticostercid plus beta,-agonist, 35 patients (60%) achieved a remission,
though fewer (20, 35%) were in remission at the end of the study and only about
haif of these had normal levels of PD,, histamine and FEV, % predicted at that time.
Lower symptom burden at baseline seemed to be the only predictor of patients
likely to reach remission; notably measures of lung function had no predictive value.
it is unlikely that the patients reaching remission had a spontanecus recovery since
they had moderate asthma which required maintenance treatment for a long period
before entering the study. Also, comparison of the number of remissions during the
comparative phase of the study showed that only 7 patients (12%) of those taking
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beta-agonist alone achieved remission compared with 20 (34%) of those taking
corticosteroid plus bete~agonist. However, our resulis also showed that two-thirds
of patients achieving 2 symptomatic remission suffered a relapse. Thus, although
28-36 months of treatment with inhaled corticosteroid improves both symptoms and
chijective measures of lung function, it does not cure asthma. This is underlined by
our findings in a subseguent study in which cessation of inhaled corticosteroid from
our cechert was followed by a rapid increase in symptoms and a detericration in
tung function (Waalkens et al., personal communication).

Recently Juniper et al” investigated the effect of long-term therapy with inhaled
corticosteroid on remission rate in adults. In this double-blind randomized study 16
adult patients with mild asthma received 200 pg budesanide twice daily, 16 others
raceived placebo. The stercid group showed an improvement in symptoms, which
was maximal after 8 months on treatment. in 8 patients airway responsivensss
reached a plateau after & to 12 months on budesonide. Nevertheless, mean PC,
methacholine had increased by 2 DD but had not yet stabilised after 12 menths on
this treatment. Five patients on budesonide (31%) reached a value of PC,
methacheline within the normal range (>8 mg/ml). They were among those who
became sympiom free and no longer needed additional bronchodilator. Cur results
differ in some respect from those of Juniper et al’. We found that mean PD,
histamine stabilized after 20 months; this difference might be explained by the
longer duration of treatment and the higher dose of inhaled corticosteroid taken.
Findings regarding normalization in airway responsiveness were similar: even afier
38 months on inhaled corticosteroid airway responsiveness remained abnormal in
the majority of patients.

Haahtela et al® studied 103 newly detected adults in a 22-months study, and
randomized them to budesonide 600 pg b.i.d or terbutaline 375 pg b.id. In the
patients on budesonide, symptoms and the need for additional bronchodilator
decreased within one week after randomization, but did not diminish thereafter,
They did not provide data on the rate of patients who became symptom free after
such a long treatment period. PC,, histamine showed a marked increase within &
weeks on budesonide and a further increase at a slower rate thereafter. At 16
months a plateau was reached at 2 mean value of 1.6 DD above baseline. Since
Haahiela et al® used a different method o assess airway responsiveness, the
results are not fully comparable. However, the shift of PC,; (1.6 DD after 1 year) is in
the same range as the shift of PC,, in the study of Juniper et al.” (2 DD after 1 vear)
and of PD,, in our study (2.1 DD after 20 months).

These findings suggest that the underlying inflammatory process is still present
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after years on inhaled corticostercid. Little is known about the effect of inhaled
corticosteroid on airway morphology in asthma. The only long-term study is that of
Lundgren et al™, who found that in 6 adult patients with severe intrinsic asthma
after 10 years treatment with 200-1800 ug inhaled corticostercid per day the
number of inflammatory cells had normalised and epithelial damage had decreased
aithough PC, to methacholine was still highly abnormal. The shortterm study of
Djukanovic et al® showed a clinical improvement together with a significan:
reduction of inflammatory cells, whereas the extent of mast ceil and eocsinophil
degranulation did not change over time during 6 weeks on 1000-2000 ng
beclomethasone dipropionate. Jeffery et al® found beth 2 decrease in the number
of mast cells and eosinophils and of gosinophil degranulation to normal levels in
bronchial biopsies of patients after 4 weeks on budesonide, whereas the reticular
basement membrane remained thickened. Laitinen et al.® showed that treatment
with 800 pg budesonide during 12 weeks resulted in a decrease in the number of
mast cells, ecsinophils, neutrophils, lymphocytes and macrephages in the airway
epithelium, obtained by bronchial biopsies.

What do these findings imply for clinical practice? it seems that long-term follow-up
of airway caliber, bronchodilator response and airway responsivensss are not
useful guides for a strategy in the treatment of asthma, once inhzaled coriicosteroid
has been started. Almost all patients will improve, both in symptoms and in
cbjective measurements, independent of the [evel from where they start. A
normalization of airway responsiveness will only occur in a minority of patients.
Treatment should therefore be aimed at 2 symptomatic remission, i.e. normalization
in symptoms, without need for additional bronchodilator. This is in agreement with
recently published consensus reporis on the treatment of asthma, in which a
normalisation of airway sensitivity was not stated as an aim to achieve.” In our
study all patients used both inhaled corticostercid and beta,-agonist on a regular
basis. [t is uncertain to what extent a normalisation in symptoms ¢an be reached
with inhaled corticosteroid as the only regular drug taken. Therefore, new long-term
studies in which the effect of regular freatment with inhaled corticosteroid only is
compared with inhaled corticosteroid plus beta,-agonist are needed to answer this
guestion.
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71. Summary

Inhaled corticostercid has been shown tc be effective in the management of
asthma. However, there is a lack of studies that assess the effect of cessation after
long-term treatment with inhaled corticosteroid. This guestion was addressed in 28
children with steble asthma, aged 11-18 yr, who had completed 28-36 months of
treatment with inhaled corticosteroid (budesonide 200 pg tid.) and inhaled bets,-
agonist {salbutamol 200 pg tid.}). The children were randomized in a 1:2 ratio in a
double-blind study either to continue budesonide (n=8) during a period of &
months or 10 decrease the dose of budesonide (n=20} within 2 months, followed
by placebo for 4 months. Treatment with salbutamol 800pg daily was continued in
both groups. Eight children from the tapering-off group were withdrawn, mainly due
to symptoms of asthma, compared with none in the continuous treatment group.
Five patients in the tapering off group experienced exacerbations for which
prednisolone was given, compared with none in the continuous treatment group.
After tapering-off, symptoms of asthma and additional bronchodilator use
increasad, and both FEV, % predicted and PD,-histamine (provocation dose of
histamine causing a 20% fall in FEV,) rapidly decreased, whereas these all
remained unchanged in the group that continued ftreatment with inhaled
certicosteroid. From this study we conclude that long-term treatment with 800ug
budesonide daily suppresses underlying mechanisms of asthma, but does not cure
the disease.

7.2. introduction

it is now generally accepted that asthma is a chronic inflammatory disease
characterized by epithelial shedding, increased vascular permeability, mucoesal
edema and an increased number of inflammatory cells in the airway wall.' Airway
hyperresponsivensss, cne of the main features of asthma” is thought to be a
consequence of the underlying airway inflammation.®

A number of long-term studies (12-22 months) in children and adults with asthma
have shown that regular treatment with inhaled coricostercid leads 10 a decrease of
asthma symptoms, bronchodilator use and the number of asthma exacerbations as
well as a reduction in airway responsiveness and an increase in airway caliber.””
After ireatment with inhaled corticosteroid the number of eosinophils and mast
cells,*" as well as ecsinophil degranulation decreased.® Recently It has been shown
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that & decreased number of inflammatory cells in the airways was related to clinical
improvement of asthma, suggesting a direct association between beth.”

Short-term studies in adults in which inhaled corticosteroid was administered for 4-
10 weeks suggest that airway responsiveness and airway caliber deteriorate within
weeks after stopping steroid treatment.”" However, one long-term study in adults
has shown that reduced airway responsiveness and a diminished need for
bronchodilators following 1 year of treatment with budesonide persisted for at least
3 months after abrupt discontinuation.”

In this study, we assessed the effect of the cessation of inhaled corticosteroid on
alirway caliber, airway responsiveness, symptoms and additional bronchodilator use
in children with stable asthma, who have been treated for 28-36 months with a daily
dose of 800 ug budesonide.

7.3 Methods
7.3.1. Patients

All 31 asthmatic children who participated in a long-term multicenter study,™ and
who had completed 28-38 months of treatment with daily budesonide (200 pg t.i.d.)
and salbutamol {200 ug ti.d.) on July 1, 1881, were asked to participate. Three
patients wera unwilling because they wanted to continue their medication. Criteria
for entering the long-term intervention study were a forced expiratory volume in ong
second (FEV,) between 55-90% of predicted and/or a FEV forced vital capacity
(FVC) ratio between 50-75%, as well as the provocative dose of histamine causing
a 20% fall in FEV, (PD,, histamine) less than 150 pg (this being more than two
standard deviations below the mean value in healthy children™).

Informed consent was obtained from both children and parents. The study was
approved by the Medical Ethics Commitiees of the participating centers.

7.3.2. Measurements
Spirometry was carried out at least 8 hours after the last drug administration and
was performed at the same time of the day in each individual. FEV, was measured

according to the recommendations of the European Community for Coal and Stesl™
by water-sealed or dry rolling spirometer or pneumotachograph. The largest value
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of 3-5 attempts was recorded. These were sex and height adjusted to give values
as % predicted using the reference values of Zapletal.”

Airway responsiveness was measured by inhalation of histamine diphosphate in
increasing dosages according to a standardized protocol® Histamine was
nebulized with a deVilbiss 646 nebulizer and a Rosenthal-French dosimeter. Inhaled
doses were doubled in five-minute intervals from 2.5 up 1o 640 pg as the maximum.
The effect was determined by measuring FEV, 3 minutes after each histamine admi-
nistration. PD,, histamine was calculated using lingear interpolation of log-
transformed data.

Children kept a diary for 14 consecutive days prior to each visit to record beth
symptoms and the use of additional beta,-agonist. During the same periods, they
also recorded their peak expiratory flow {(PEF) using a mini Wright peak flow meter.
All chiidren received standard instruction in the use of psakflow meters, PEF was
recorded in the morning (immediately after rising) before and 10 minutes after
medication, and in the evening (before the evening meal) before taking any
freatrnent, as the best of three performances.

All data were coliected and checked by the coordinating center in Rotterdam to
ensure completeness and to prevent bias due to local procedures.

7.3.3. Design

The study was a mullicenter, double-blind, randomized comparison of two parallel
treatment groups for a period of 8 months. it was designed to follow immediately
after completion of 28-36 months of treatment with salbutamo! and budesonide.™™
At their final visit in the long-term study the children were randomized either to
continue taking 600 pg budesonide daily or to decrease the dose of budesonide
gradually. The cessation schedule in the tapering-off group consisted of 100 pg
tid. budesonide in the first and 50 pg tid. in the second month; during the
following 4 manths a placebo was administered. Treatment with salbutamol 600 pg
daily was continued in both groups. When needed, up to four 200 ug doses of
fencterol inhaletten, a dry powdsr device, were allowed per day.

Randomization was performed by calling an independent telephone office with
stratification by age, sex and participating center using the minimization
procedure.® Because of stability in symptoms, FEV,%pr:d and PD, achieved
during long-term treatment with budesonide,” and because more withdrawals were
expected 0 occur in the tapering-off group, we aimed to allocate twice as many
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patients to the tapering-off group as to the continuous freaiment group. it has been
shown that the power of a study is only marginally reduced by rancomization in a
2:1 ratio®

Clinical endpoints were sympioms, the use of additional beta-agonist,
exacerbations for which prednisolone was prescribed and absence from school
and hospitalization due to asthma. Functonal endpoints were airway caliber
(FEV,%pred and PEF) and the level of airway responsiveness {PD,, histamine and
day tc day PEF variation). All measurements were performed in a clinically stable
period. When an exacerbation occurred, a short course of prednisclone was
prescribed (starting with 30 mg on the first day and diminishing to 0 mg in ong
week according to a scheme that depended on body weight). If prednisclone had
been taken within 4 weeks of a scheduled study visit 1o the clinic, this visit was
postponed until a 4-week period without oral steroid had elapsed. Children visited
the outpatient department after 1,2,3,4, and & months.

7.34. Statistical methods

Numbers of withdrawals, patients reporting symptoms and additional beta,-agonist
use were compared using Fisher's exact test. Repeated measures of the
continuous covariates (FEV,, PD,, and PEF) were analysed using an area under the
curve summary statistic method® The area under the curve is the area bounded
above by a line joining an Iindividual’s successive measurements and bounded
beiow by their baseline level. These areas were then compared between treatment
groups using t-tests. To improve precision in ascertaining baseline level, the mean
of measurements taken at randomization in this study and those taken during the 6
months previous to randomization was used. During the latter pericd, alt patients
received the combination of salbutamol plus budesonide and the group behaviour
was stable over this period. Measuring the area relative to each individual's baseline
level adjusts for differences in the average baseline level between treatment groups.
All p-values are for two-sided tests of significance.
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7.4, Results
7.4.1. Baseline characteristics

Table 1 shows baseiing characteristics of the 28 subjects randomized by treatment
group. Age ranged between 11 and 18 vears. Because of the small group sizes,
there are some differences between the two groups, though these are consistent
with what is expected due o random variability.

7.4.2. Withdrawals

Eight patients withdrew from their assigned treatment. All were in the tapering-off
group; 2 after 2 months, 1 after 3 months and 5 after 4 months. Seven withdrawals
were attributable to asthma symptoms and 1 to lack of motivation. The difference in
rate of withdrawais between both groups was of marginal significance (p=0.083).
Exclusion cf these children from the analyses might have introduced bias; therefore
they were included in the analyses up to the visit at which they were withdrawn.

7.4.3. Clinical signs

Of the 20 patients in the tapering-off group, 18 (85%) reported symptoms during
the two-week period prior to at least one of the clinic visits following randomization.
The only patient not to report symptoms was the patient who withdrew after 2
months due to iack of motivation. This compares with just 2 (25%) patients in the
continuous treatment group; this difference is highly significant (p<0.001). The
median number of days out of 14 on which symptoms were recorded in the
tapering-off group tended to increase with time: 1 at one month; 1, 2, 0 & months
2, 3 and 4, respectively; and 2 at 6 months. In the continuous treatment group the
median number of days with symptoms remained 0 at all time points.

Similar results were obtaned for the number of patients using additional beta,-
agonist during the study period: 18 {809%) in the tapering-off group compared with
1 {13%) in the continuous treatment group (p=0.002). Four patients in the tapering-
off group required one course of prednisclong and 1 patient 2 because of a severe
exacerbation compared with none in the continuous treatment group {(p=0.28). In
the tapering-off group 1 child was absent from school for 10 days because of
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Table 1. Baseline characteristics by reatment group

CONTINUOUS
(n=3)
Sex: no. (%) male B (75%)
Age in years:
mean (sd) 13.6 (1.8)
Symptoms: no. (%)
reporting none 6 (75%)
Additional beta,-agonist use:
no. (%) reporting none 7 (88%)

TAPERING-OFF
{(n==20)

17 (85%)
146 (2.0)
14 (82%)

14 (82%)

pretreatment”  baseline®

FEV, % predicted:
mean (sd) 72.0 (14.0) 79.8 (14.8)

PD,, histamine: median
(quartiles} pg & (434 87 (46,138)

PEF: moming before
bronchodilation I/min 273 (53) 407 (131)
mean (sd)

PEF: moming after
bronchoditation fmin 331 (88) 438 (129)
mean (sd)

PEF: afternoen before
brenchodilation ¥min 307 (60) 437 {(118)
mean {sd)

PEF: day-to-day variability

for morning PEF before

bronchodilation I/min 27.8 (15.3) 20.9 (9.3)
mean (sd}

pretreatment baseiine

783 (10.8) 8.6 (10.4)

21 (11,40) 116 (38,187)

35 (77 422 (76)

356 (110) 452 (78)

346 (98) 438 (83)

29.0 (14.0) 24.8 (24.9)

* = onily 17 patients completed diaries at baseline
# pretreatment = prior to the 28-36 months of treatment with inhaled corticosteroid and inhaled

beta,-agonist
@& Dbaseline

entry into this study; FEV, % predicted, PD,, histamine, PEF and PEF

variability values are averaged over a 6 months’ period .from visits prior 1

randomization
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asthma sympioms. No such ab- 8
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Figure 2. Mean change from baseline of moming PEF
(SEM) before bronchodilation during continuous treat-
ment with budesonide + salbutamol (sclid line) or
cessation of budesonide + continuous salbutamol
{dashed ling).

latter was not significantly different
from that found before starting the
28-36 months of treatment
(p=0.31).

For PEF a similar pattern of
changes by freatment group was
seen for both the morning (Figure
2) and afternoon measurements
before bronchodilation. Both sho-
wed average increases by 8§ mon-
ths in the tapering-off group and
declines in the continuous treat-
ment group. Howeaver the differen-
¢e between the two groups is not
statistically significant for either

time of day (p=0.27 for the morning PEF, p=0.61 for the afternoon PEF}. The PEF
after bronchodilation in the morning showed a similar insignificant difference

befween tfreaiment groups (p=0.57).
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7.4.5. Airway responsiveness

The results for the PD,, histamine are shown in figure 3. The difference between the
two treatment groups is statistically significant (p=0.043) with patients on tapering-
off showing an
average decline of
1.81 doubling do-
ses between ba-
seiine and 6 mon-
ths compared with
0.34 doubling
doses after conti-

-

nuous treatment
In the tapering-off
group PD, his-
tamine at the end
of the & months
period did not
differ significantly =3
from the levei prior Month
to the 28-36 mon-

ths of treatment . . .

R . Figure 3. Mean change from baseline of PD,FEV, histamine (SEM) during
with  budesonide continuous treatment with budesonide and salbutamol (solid [line) or
{p= 0.18). cessation of budesonide and continuous salbutamol (dashed iing).
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For the day-to-day
variability in PEF there were no significant differences between treatment groups
though the resulis were consistent with the other findings.

7.5. Discussion

This is the first randomized controlled study of the effects of stopping inhaled
corticosteroids following long-term (28-36 months) treatment in children with
asthma. Our results show that there is a rapid increase in symptoms, additional
bronchodilator use and airway responsiveness and a decrease in arway caliber
after cessation of inhaled corticosteroid.

The selection of the patients in this study needs some consideration. Of the 58
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patients who originally started treatment with inhaled corticosteroid plus inhaled
beta,-agonist, 53 completed the study with a follow-up of between 28-36 months.
Five children withdrew from treatment before the study closed: only 1 was due 1o
asthma symptoms; the other 4 were due 10 lack of motivation.” The 31 chiidren
whe had finished at least 28 months of follow-up on July 1, 1881 were asked o
participate and meost of them (28) agreed. They can therefore be considered to be
representative of all children on inhaled corticosteroid and inhaled beta-agonist
from the beginning.

Inhaled corticostercid has been shown to be effective in the management of
asthma. However, Kraan et al.® found that airway caliber and airway
responsiveness returned to pretreatment values within 2 weeks after abrupt
discontinuation foliowing 8 weeks ¢f treatment with 800ug budesonide. Vathenen &t
al.” showed that both FEV, and PD,, declined and PD, returned o pretreatment
values within 1 week of discontinuation following 6 weeks treatment with 800 pg
budesonide daily. Similar findings were shown in a siudy by Bel et al.™ They
treated adults with 800pg budesonide daily for 4 weeks and found that both PC,,
and FEV, decreased, and that the maximal degree of airway narrowing to
methacholine increased 1o pretreatment levels 2 weeks after cessation. Recently,
Magnussen ef al.” found a decrease in FEV, % predicted and PC,, in adults with
stable asthma within 6 weeks of cessation after a {reatment period for at least 8
months with 2000pg beclomethasone daily. These resuits are in contrast with the
findings of a study in mild asthmatic adulis by Juniper et 2. who discontinued
treatment acutely after 1 year on 400pg budescnide. They found that the
improvermnent in airway responsiveness and the reduced need for bronchodilater
persisted for more than 3 months, although symptoms of asthma tended to recur
within 3 months. Furthermore, they found no decrease in lung function, which was
not surprising since FEV, % predicted before ireatment with budesonide was
almost normal (80%).** Cur study doss not confirm the results of Juniper et ai..”
This might be explained in part by differences in patient characteristics and study
design. We investigated children with moderately severe asthma who had been
treated with budesonide for 28-36 months, in whom symptoems and additional use
of bronchoditetor had diminished, airway caliver and airway responsiveness had
improved and had become stable” Furthermore, we gradually recduced and
stopped budesonide and observed the effect over a longer period.

The primary objective of treatment of asthma is to achieve and maintain conirol of
symptoms, and {0 prevent severe exacerbations.™® The children in the present
study approached that situation; they were stable for symptoms, airway caliber and
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airway responsiveness for at least 8 months.'® Both children and parents raised the
question as to whether maintenance medication with inhaled corticosteroid could be
diminished or stopped. Cur results suggest that the improvement after long-term
treatment with inhaled corticosteroid on symptoms, airway caliber and airway
responsiveness will rapidly disappear after discontinuation. Children who were in a
complete remission, defined as being symptom free and having a normal PD,
histamine (PD,,2150ug) during the 8 months prior to entry into this study, appeared
to decline as rapidly as those who had not normalized on inhaled stercids. This
confirms the findings in the previous treaiment pericd™® that the effect of 800ug
inhaled corticosteroid daily for 28-36 months in children with moderate asthma, is
only restricted to the treatment period and that inhaled corticostercid does not cure
asthma.

A critical question that emerges is: what is the risk benefit ratic of long-term
freatment with inhaled corticosteroid in children? it has been shown that systemic
side effects of inhaled corticosteroid, such as suppresion of the hypothalamic-
pituitary-adrenal exis and growth retardation may occur.® Recently it has been
shown that long-term treatment with 400-600 pg budesonide dees not inhibit growth
in asthmatic adolescents {PJFM Merkus, personal communication). A review of
several studies suggests that clinically important side effects are rare with doses of
800 ug/day or less.” As the effect of inhaled corticosteroid is dose related,® long-
term treatment with higher doses might lead to more patients coming into remissi-
on, and might maintain remission for a longer period after cessation. However, the
risk of side effects of inhaled corticostercid is increased with doses over 8§00-800ug
daily,™® which contraindicates a higher dose than we administered.

The results of our study do not imply that reatment with inhaled corticosteroid
should be maintained permanently in children with moderate asthma, since it has
been shown that asthma can be outgrown spontansously in some patients. ™
Furthermore in adulis with stable asthma it has been shown that PD,, FEV, and
PEF remained at similar levels after reducing the dose of inhaled corticosteroid.™
Thus, once control of asthma is sustained for several months, a careful reduction in
therapy might be considered. One should aim to identify the minimum therapy
required to maintain control, i.e. a situation with minimal symptoms, no exacerbati-
ons, and minimal use of extra bronchodilator, a2 diurnal PEF variation < 20%, and a
{(near) normal PEF.¥

We conclude that treatment with inhaled corticostercid does net cure asthma and
that its therapeutic effect disappears rapidly after discontinuation.
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Chapter VIl

Summary and conclusions






8.1 Summary

The subject of this thesis is the effect of long-term pharmaceutical intervention on
childhood asthma. The central part of it consists of a long-term study performed in
3 centers for pediatric respiratory disease. This study was sponsored by the Dutch
government as part of the sc-called *Stimulation Program”, a program which
supports clinical research in selecited areas with a high burden of costs,

The principles underlying the study were

1) Asthma is a chronic inflammatory airway disease for which maintenance
treatment is needed in many patients.

2) Childhcod asthma often remains into adukthood and may uftimately
develop into chronic obstructive lung disease.

3) The hypothesis that iong-term outcome of childhood asthma can be
medified by drug freatment.

4} Treatment that suppresses inflammation, possibly with bronchodiiation, is

the therapy of choice.

Chapter [ gives a general introduction. Asthma is a disease with a genetic predis-
position. The expression of symptoms depends on exposure to allergens, respirato-
ry viruses and other triggers like exercise, cigaretie smoke, other irritants and air
poilutants. Asthma is characterized by airway wall inflammation, increased microvas-
cular permeability, mucosal edema and epithelial damage. Important inflammatory
cells are activated eosinophils, mastcells, macrophages and T-lymphocytes. in
children asthma symptoms are cough, wheeziness, breathlessness and sputum
production. Nocturnal dyspnea and exercise-induced breathlessness are commonly
seen. Bronchoconstriction is intermittently or permanently present. Another charac-
teristic of asthma is airway hyperresponsiveness (AHR), i.e. an increased tendency
cf airways to constrict aiter exposure to a number of pharmacological and physical
stimuli. This can be seen as an increased sensitivity of airways 10 contractile stimuli
and an increased maximal response plateau. Arway inflammation is an important
determinant in AHR but by no means the only one. Although symptoms and AHR
appear to be related in studies on groups of patients, this is not necessarily true
within individuals. Several studies have shown that about 50% of children with
asthma are asymptomatic in adult life. Both airway caliber and the degree of AHR
{sensitivity) in children predict the likelinood of having symptoms in adulthood.

in many patients with asthma drug treatment cannot be avoided. The effects of the
currently used asthma drugs are summarized.
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In the last part of chapter 1 the background, the organisation and the aims of the
long-term study are outlined, with special attention to standardization of methods.
Chapter 1l gives a [iterature review on the effect of asthma drugs on airway respon-
siveness 1o histamine and methacholine. Short-acting beta,-agonists give acute pro-
tection which lasts only for a couple of hours. Long-term administration does not
improve AHR. Long-acting beta,-agonists have an acute protective effect which
lasts for at least 24 hours. No data are available on their effect on AHR after long-
term administration. Other bronchodilators such as anticholinergic drugs and
methylxanthines exert either no protection or only a small acute shori-lasting protec-
tion, but do not change AHMR when administered for weeks or months. The same is
true for H, antihistamines.

Hesults of treatment with disodium cromoglycate (DSCG), which also has anti-
inflammatory properties, are disappointing. DSCG protects against the transient
increase in AMR after contact with aliergen but offers no acute protection against
histamine or methacholineg challenge. Long-term administration of DSCGE does not
modulate AHR. The limited data on a related drug nedocromii sodium (NSQ) are
not conclusive on its effect on AHR.

Treatment with inhaled corticosteroids, which have an anti-inflammatory action,
results in @ modest decrease in AMR. Two studies suggest that this effect disappe-
ars within months of cessation though one other study did not find a change within
3 months of stopping inhaled corticosteroid. Further studies are needed 10 establish
the influence of dose and duration of freatment in relation to the severity of asthma.
In Chapter lil results of a study on the acute effect of a single dose inhaled cor-
ticosteroid on methacholine sensitivity are presented. In this double-blind placebo-
controlled cross-over study 0.8 mg budesonide caused a marginal decrease in
methacholine responsiveness compared 1o placebo 5 hours after treatment though
this was not statisticaily significant. From this and other studies it is unlikely that
measurement of airway responsiveness is influenced significantly by the last deose
of inhaled coricosteroid taken prior 1o the test. It was concluded that measure-
ments of histamine or methacholine sensitivity during long-term intervention studies
with inhaied corticesteroid are reliable as indicators of airway twitchiness.

Chapter [V contains the resulis of a six-month study in 19 children with asthma in
whom the effect of 0.2 mg budesonide tid. was compared with that of 0.5 mg
terbutaline ti.d. on airway caliber (forced expiratory volume in 1 s, FEV)), airway
responsivengss (PD,, methacholine) and symptoms. Only mildly asthmatic children
were included in this study: they had an FEV, > 80% of predicted and an increase
in FEV, after 0.5 mg terbutaline <20%. FEV, increased slightly in the patients on
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budescnide and did not change on terbutaline. Mean PD,, methacholine increased
by 1.5 doubling doses after 3 months in the budesonide group and stabilized
thereafter, whereas it decreased by 0.8 doubling dose in the terbutaline group.
Symptomn scores were low and were not different between the two groups. it was
concluded that long-term treatment with inhaled corticostercid but not with beta,-
agonist improves both airway caliber and airway responsiveness o methacholine.

In Chapter V the first part of the long-term muiticenter study is described. 116
children were randomized to receive either 0.2 mg salbutamol plus 0.2 mg budeso-
nide tid. or 0.2 mg salbutamo! pius placebo tid. All chidren had moderate
asthma with an FEV, of 55-90% of predicted and/or the ratio FEV,fforced vital
capacity in the range 50-75%, an increase in FEV, after 0.2mg salbutamol of >15%
of baseline and a provocative dose of histamine which causes 2 20% fall in FEV,
(PDy, histamineg) of <150 pg. Endpoints were symptoms, including symptom scores,
use of additional beta,-agonist, temporary prednisolone, absence from school and
hospital admission because of asthma, airway caliber expressed as FEV, and peak
expiratory flow (PEF}, bronchodilator response both as postbronchodilator FEV,
and as postbronchodilator PEF, and airway responsiveness (sensitivity) expressed
as PD, histamine and as between day PEF variation. There was a remarkably high
rate of withdrawal amongst children who were treated with beta,-agonist plus
placebo (26 out of 58), mainly because of worsening asthma symptoms, compared
to only 3 withdrawals out of 58 in the steroid group, of which only one occurred
because of symptoms. This was a major reasaon for stopping this part of the study
after a median follow-up period of 22 months. All endpoints improved in the group
who received corticosteroid plus beta-agenist and remained unchanged in the
beta-agonist group. The pericd after which endpoints had stabilized in the children
on inhaled corticosteroid differed for the various endpoints. For both pre- and
postbronchedilator FEV, and PEF this took 2 months, for PEF variation 8 months,
for symptoms about 18 months, whereas PD,, histamine did not show a platesu at
a median follow-up time of 22 months. The conclusion of this part of the study was
that the addition of inhaled corticosteroid 1o an inhaled beta,-agonist improves both
clinical and physiclogical endpoints and that inhaled corticosteroid has an important
place in the long-term therapy of children with asthma.

Chapter VI presents the second part of the long-term study which includes an
extended follow-up for 28-36 months of the chilkdren on inhaled corticosteroid plus
beta,-agonist. in this chapter the further development of endpoints and the remissi-
on rate are describad. A remission was arbitrarily defined as being symptem free
during any 8 months period. Symptoms tended to improve during the whole follow-
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up period, the other endpeints except PD,, histamine remained stable. PD,, histam-
ing showed a plateau after 20 months, although at & subnormal level. Thirty-five
patients (60%) achieved a period of remission at soms time during the 28-36
months of treatment. However, 23 (66%) of these had a relapse. it was concluded
that long-term treatment with inhaied corticosteroid improves both clinical signs,
airway caliber and airway responsiveness but brings only & minority of the patients
into a long-asting remission.

in Chapter Vil the third part of the long-term study is described. In this study the
effect of cessation of long-term administration of inhaled corticosteroid on FEV,,
PD,, histamine and symptoms was investigated. The first 28 children who had
completed a follow-up of at least 28 months on inhaled certicostercid plus beta,-
agonist on July 1, 1981 were allocated in a 1:2 ratio to receive in a double-blind
manner either a regimen in which inhaled corticosteroid plus beta,-agonist were
continued or a regimen in which inhaled corticosteroid was discontinued after a
tapering-off pericd of 2 months. Symptoms, FEV, and PD,, were measured monthly
for 8 months. In the group in which inhaled corticosteroid was stopped 8 out of 21
patients withdrew because of symptoms, FEV, and PD,, histamine decreased. In the
children who continued treatment no withdrawals cccurred, ané FEV, and PD,, his-
tamine remained stable. it was concluded that cessation of long-term administration
of inhaled corticosteroid leads 10 a rapid deterioration of both clinical and physiolo-
gical endpoints.

8.2 Conclusions

Asthma is now considéred as a chronic inflammatory disease. Therefore antiinflam-
matory drugs have an important place in asthma treatment. Both cromones and
corticosteroids have antinflammatory properties, but corticosteroid is the most
potent. Among the corticosteroid drugs the inhaled form is preferable because it is
safe in the generally recommended doses. It is the only drug known te diminish
AHR. This seems important for long-term therapeutic strategies in asthma as AMR is
one of the indicators of disease activity and a predictor for the [ong-term outcome
of childhood asthma. The magnitude of the effect of inhaled corticosteroid on AHR
is dose and time related and a single dose does not change AHR significantly.

We showed that all indicators of asthma in children can be modulated with antin-
flammatory intervention with inhaled corticosteroid. We learned that the time to
reach stabilisation was different for symptoms, alrway caliber, airway responsive-
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ness to histamine and peak flow variation between days. This implies that these
indicators give different information on the disease activity. Only a minority of the
children was in a long-lasting complete or symptomatic remission af the end of
follow-up on 0.6 mg inhaled corticosteroid. This indicates that even after thres years
of treatment with inhaled corticosteroid the underlying mechanisms are still present.
This was confirmed by the finding that after cesszation of inhaled corticosteroid
symptoms returned rapidly, and that dstericration of both airway caliber and AHR
occurred.

We conclude that daily use of inhaled corticosteroid improves clinical and physiolo-
gical indices of asthma in children, but does not cure the disease, and that in most
patients with moderate to severe asthma very [ong-erm steroid freatment is
needed.

8.3 Directions for future research

Theoretically complete suppression of airway inflammation should lead to a
decreased bronchoconstriction and hence a decrease in symptoms of asthma.
However, cur data show that even after 28-36 months on inhaled corticosteroid glus
short-acting beta,-agonist some 30% of the patients are not yet symptom free. This
indicates that inhaled corticosteroids are insufficiently potent to abolish sympioms in
a substantial part of patients with moderately severe asthma. In the fight of a recent
publication that suggests a harmful effect of maintenance treatment with shori-
acting beta,-agonists on symptoms of asthma it is important to assess the additio-
nal effect of a short-acting beta,-agonist to a moderate dose of inhaled corticoste-
roid. The same guestion is valid with regard to long-acting beta,-agonists.
Long-acting beta,-agonists might well be preferable to short-acting beta,-agonists,
as they provide a continuous bronchodilation during the whole 24h period.

A minority of children needs more than 0.8 mg inhaled corticosteroid daily to
control their asthma and may therefore suffer from unwanted side effects. An
alternative for treatment with a high dose of inhaled corticosteroid might be a
combination of a lower dose with a long-acting beta,-agonist. Taken this into
account the following studies are warranted:

1. Short-acting beta,~agonist plus inhaled corticostercid versus inhzaled corticoste-

roid only.
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2. Long-acting beta,-agonist plus inhaled corticosteroid versus inhaled corticoste-
roid only.

3. Long-acting betz-agonist plus inhaled corticosteroid <800 ug versus high
doge (>800 pg) inhaled corticosteraid.

Much has been wrilten about possible side effects of long-term freatment with
inhaled corticostercid in childhood asthma. Doses up 0 800 pg daily are safe with
regard to growth of height and adrenal function. in adults it has been shown that
bone density may decrease under this therapy." No such data are available in
chiidren. However, long-term assessment of bone density in chiidren is difficult
because of growth and furthermore normal data are lacking.

In the international consensus reports on asthma therapy in children cromoglycate
is suggested as the drug of first choice for maintenance treatment in children with
moderately severe asthma. Both sodium cromoglycate and nedocromil sodium
have antinflammatory properties, but they do not diminish AHR. The safety of
cromonés makes these drugs attractive for long-term treatment of children, but
based on the lack of effect on AHR, it might well be that the long-term outcome of
children treated with cromones is [ess favorable than of children treated with inhaled
corticosteroic. Clinicians know that there is a subgroup of children with asthma who
are well controlled on cromoglycate, but it remains to be determined in which type
of patients the effect of cromones is similar to that of inhaled corticosteroid. Long-
term studies in children with moderately severe asthma are needed in which the
effect of a cromone with that of inhaled corticostercid on both clinical and physiolo-
gical endpoints is compared. Little is known about the combination of a cromone
with an inhaled corticostercid. Some studies suggest a steroid-sparing effect of
DSCG™, whereas more recent studies did not show such an effect™®. More studies
in children are warranted.

As inflammation has a ceniral place in asthma it is attractive {o look at local effects
in the bronchial tree of therapeutic intervention. Bronchial lavage content and
bronchial biopsies give important information on the effect of interventions at the
ceflular level. in relating these findings to symptoms and physiclogical measure-
ments, processes underlying clinical phenomeana are becoming maore obvious. Such
studies have recently started in adults. They are more difficult to carry out in
children. Although we know little about mild and beginning stages of asthma, it
remains to be determined whether they are also warranted in children.
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SAMENVATTING

Dit proefschrift beschriift het effect van langdurige interventie met geneesmiddelen
op astma bj Kinderen. Het centrale deel bestaat uit een langdurig interventie
onderzoek dat is uitgevoerd in 3 centra voor kinderlongziekten. Dit onderzoek werd
financieel mogelijk gemaakt door een subsidie van het Ministerie van Onderwijs en
Wetenschappen als onderdeel van het zogenaamde "Stimuleringsprograrmma®, een
programma dat klinisch onderzoek stimuleert in een aantal gebieden van de
gezondheidszorg die hoge kosten met zich meebrengen.

Uitgangspunten voor dit onderzoek waren;

1} Astma is een chronische ontstekingsziekte van de luchtwegen waarvoor
veel patiénten een onderhoudsbehandeling nodig hebben.

2) Astma op de kinderleeftijd mondt vaak uit in astma op volwassen leeitijd,
en een zantal patiénten ontwikkelt uiteindelik een chronisch obstructieve
longziekte.

3 De hypothese dat het lange-termijnsbeloop van astma op de kinderleeftijd
in gunstige zin kan worden gewijzigd door behandeling met medicijnen.

43 Behandeling met ontstekingsremmende middeien, mogelik samen met

bronchusverwijdende middelen, is de eerste keus.

Hoofdsiuk | geeft een algemene inlsiding. Astma is een ziekte met een erfelike
predispositie. De expressie van symptomen hangt af van blootsteling .aan
allergenen, luchtwegvirussen en andere uitiokkende factoren zoals inspanning,
sigaretterook, andere prikkelende stoffen en [luchtverontreiniging. Astma worcdt
gekenmerkt door ontsieking wvan de luchtwegwand, een toegenomen
doorlaatbaarheid van de kleine bloedvaten in de luchtwegwand, cedeem van de
mucosa en epitheeibeschadiging. Belangrike ontstekingscellen zijn eosincfiele
granulocyten, mesicellen, macrofagen en T-lymfocyten. Sympiomen van astma op
de kinderleeftijd zijn hoesten, piepen, kortademigheid en sputumproductie.
Nachtelike kortademigheid en inspanningsbenauwdheid treden vaak op. Een
ander kenmerk van astma is bronchiale hyperreactiviteit, dw.z. een versterkte
neiging van luchtwegen om te vernauwen na blootsteling aan een aantal
farmacclogische en fysische prikkels. Dit kan zich uifen als een verhoogde
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gevoeligheid van luchtwegen voor deze prikkels {sensitiviteit) en als een verhoogd
maximaal respons plateau. Ontsteking van de luchtwegen is een belangrijke factor
voor bronchiale hyperreactiviteit maar niet de enige. Hoewel symptomen en
bronchiale hyperreactiveit bl onderzogk van groepen patiéntern met elkaar
correleren is dit niet zonder mesr waar voor individuen. Verschillende
onderzoekingen hebben aangetoond dat ongeveer 50% van de Kinderen met
astma symptoomvrij is op de volwassen leeftjd. Zowel luchtwegdiameter als de
mate van luchiweg prikkelbaarheid (gevoeligheid) voorspelien de kans op het
hebben van symptomen op de volwassen leeftiid.

Veel patiénten hebben een behandeling met mediciinen nodig. De effecten van de
gangbare astmamedicijnen worden samengevat.

In het laatste gedeelte van hoofdstuk | worden de achtergronden, organisatie en
doeleinden van het langdurige onderzoek besproken, met speciale aandacht voor
standaardisatie methoden.

Hoofdstuk 1l geeft een literatuur overzicht van het effect van astma medicamenten
op luchtweggevoeligheid voor histamine en methacholine. Kortwerkende beta,-
mimetica geven een acute bescherming die slechts enkele uren duurt. Langdurige
toediening verbetert de luchtweggsevoeligheid niet. Langwerkende betaz-miz'hetica
hebben een acuut beschermend eifect dat tenminste 24 uur aanhoudt. Gegevens
over hun effect na langdurige toediening ontbreken. Andere bronchusverwijdends
middelen zoals anticholinergica en methylxanthines hebben of geen of siechts een
gering kortdurend beschermend effect, maar veranderen de luchtweggevoeligheid
niet na foediening gedurende weken tot maanden. Hetzelfde geldt voor H,
antihistamines.

Resultaten van behandeling met disodium cromoglicaat {DSCG), dat ook
ontstekingsremmende esigenschappen heeft, zijn teleurstellend. DSCG beschermt
tegen de voorbijgaande stiging in luchtweggevoeligheid na expositie aan esen
allergeen maar geeft geen acute bescherming tegen histamine of methacholine.
Langdurige toediening van DSCG verandert de luchtweggevoeligheid niet. Ce
bepericte gegevens over een verwant medicament nedocromil sodium (NSO}
geven geen uitsluitsel over het effect ervan op luchtweggevoeligheid.

Behandeling met inhalatie corticosteroiden, die ontstekingsremmend werken, ieict
tot een matige afname van de luchtweggevoeligheid. Twee onderzoeken
suggereren dat dit effect binnen enkele maanden na stoppen verdwijnt hoewel in
een ander onderzosk geen verandering werd vastgesteld binnen 3 maanden na
stoppen van inhalatie corticosteroid. Er is meer onderzoek nodig naar het effect
van dosis en duur van behandeling in relatie tot de ernst van het astma.
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In Heofdstuk Il worden de resultaten gepresenteerd van een onderzoek naar het
acuut effect van een eenmalige dosis inhalatie corticosteroid op de methacholine
gevoeligheid. In dit dubbelblind placebo-gecontroleerd cross-over onderzosk
bewerkstelligde 0.8 mg budesonide vergeleken met placebo een marginale daling
in de methacholine geveeligheid 5 uur na toediening ofschoon het verschil niet
statistisch significant was. Uit dit en ander onderzoek lijkt het onwaarschijnlik dat
de meting van luchtweggevoeligheid significant wordt beinviced door de laatste
dosis inhalatie corticosteroid die werd gsnomen véér de test. Er werd
geconcludeerd dat histamine- en methacholine gevoeligheid tijdens langdurige
interventie geschikt zijn als indicator voor luchtweg instabiliteit.

Hoofdstuk 1V bevat de resultaten van een onderzoek gedurende & maanden bij 18
kinderen met astma bij wie het effect van 02 mg budesonide 3dd werd vergeleken
met dat van 0.5 mg terbutaline 3dd op luchtwegdiameter (forced expiratory flow in
1 s, FEV,), luchtweggevoeligheid (PD, methacholinej en symptomen. Alleen
kinderen met mild astma werden in dit onderzoek opgenomen: ze hadden een
FEV, >80% van de voorspelde waarde en een toename van FEV, na 0.5 mg
terbutaline van <20%. Het FEV, nam iets toe bij de patiénten die budesonide
kregen en veranderde niet onder terbutaline. De gemiddelde PD,, methacholine
nam toe met 1.5 verdubbelingsdosis in de budescnide groep, terwijl deze met 0.8
verdubbelingsdosis daalde in de terbutaline groep. De symptocomscores waren
laag en verschilden niet tussen de twee groepen. Er werd geconcludeerd dat
langdurige behandeling met inhalatie corticosteroid maar niet met een kortwerkend
beta,-mimeticum zowel de luchtwegdiameter als de luchiweggevoeligheid voor
methacholine verbetert.

in Hoofdstuk V wordt het eerste deel van het tangdurig multicentrisch onderzoek
beschreven. 116 kinderen kregen volgens toeval 0.2 mg salbutamol plus 0.2 mg
budescnide 3dd of 0.2 mg salbutamol plus placebo 3dd. Alle kinderen hadden
matig astma met een FEV, van 55-90% van de vocrspelde waarde en/of een rafio
FEV./geforceerde vitale capaciteit van 50-75%, gen toename van FEV, na 0.2 mg
salbutamotl >15% van de uitgangswaarde en een provocatie dosis histamine die
20% daling van FEV, veroorzaakt (PD,, histaming) van <150 pg. Eindpunten waren
symptomen, bestaande uit symptoomscores, gebruik van extra beta-mimetica en
tijdelijk predniscion, schoolverzuim en ziekenhuisopname iv.m. astma,
luchtwegdiameter uitgedrukt als FEV, en peak expiratory flow (PEF), respons op
bronchusverwijder zowel als FEV, en als PEF na bronchusverwijding, en luchtweg
prikkelbaarheid {(gevoeligheid) uitgedrukt als PD,, histamine en ais PEF variatie
tussen dagen. Er was een opvallend hoog aantal uitvallers in de groep kinderen
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die met beta-mimeticum plus placebo werden behandeld (26 van de 58},
voornamelijk vanwege een toename van astma symptomen, vergeleken met slechts
3 uitvaliers uit een groep van 58 die corticosteroid kreeg, en van wie slechts 1
uitviel i.v.m symptomen. Dit was de belangrikste reden om dit gedeelte van het
onderzoek te stoppen na een mediane studieduur van 22 maanden. Alle
eindpunten verbeterden in de groep die corticosteroid pius beta,-mimeticum
ontving en bleven onveranderd in de beta,mimeticumgroep. De periode die
verstreek voordat eindpunten gestabiliseerd waren in de groep die corticosteraid
kreeg verschilde voor de verschillende eindpunten. Voor FEV, en PEF voor en na
bronchusverwijder duurde dit 2 maanden, voor PEF variatie 8 maanden, voor
symptomen ongeveer 18 maanden, terwijl PD, histamine nog geen plateau had
bereikt na een mediane studieduur van 22 maanden. De conclusie van dit gedeelte
van het onderzoek was dat de toevoeging van inhalatie corlicosteroid aan een
inhalatie beta,-mimeticum zowel klinische als fysiologische eindpunten verbetert en
dat inhalatie corticosteroid een belangrike plaats heeft in de langdurige
behandeling van kinderen met astma.

Hoofdstuk Vi beschijft het tweede deel van het langdurige onderzoek waarin de
kinderen die met inhalatie corticosteroid plus beta~mimisticum werden behandeid
gedurende 28-36 maanden werden vervolgd. in dit hoofdsiuk worden het verdere
verloop van de eindpunten en het voorkomen van remissie beschreven. Een
remissie werd arbitrair gedefinieerd als een symptoomvrije pericds gedurende 8
maanden tijdens follow-up. Symptomen toonden een lichte neiging fot verbetering
gedurende de gehele follow-up, de overige eindpunten behalve PD,, histamine
bleven stabiel. PD,, histamine toonde een plateau vanar 20 maanden, hoewel op
een subnormaal niveau. Viif en dertig patiénten (60%) bereikten sen periode van
remissie tijdens de 28-36 maanden onderzosksperiode, maar bl 23 van hen (86%)
werd deze gevolgd door een relapse. BEr werd geconcludeerd dat langdurige
behandeling met inhalatie corticosteroid zowel klinische eindpunten als
luchtwegdiameter en luchtweg prikkelbaarheid verbetert maar slechts een
mincderheid van de patiénten in een langdurige remissie brengt.

in Hoofdstuk Vil wordt het derde deel beschreven. In dit onderzoek werd het
effect van het stoppen van inhalatie corticosteroid na langdurige behandeling op
FEV,, PD,, histamine en symptomen bestudeerd. De eerste 28 kinderen die op 1
Ui 1991 een studieduur van tenminste 28 maanden met inhalatie corticosteroid
plus beta-mimeticum hadden werden in een 1.2 verhouding dubbelblind
gerandomiseerd veor continuering van deze behandeling of voor geleidelijk
verminderen gedurende 2 maanden en daarna stoppen van uitsiuitend het inhalatie
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corticostercid. Symptormen, FEV, en PD, werden iedere maand gemeten
gedurende 6 maanden. In de groep waarin inhalatie corticosteroid werd gestaakt
vielen 8 van de 21 patiénten uit vanwege symptomen, FEV, en PD,, namen af. In
de groep waar corficosteroid werd gecontinueerd trad geen uitval op en FEV, en
PD,, histamine bleven stabiel. Er werd geconciudeerd dat het stoppen van inhalatie
corticosteroid na langdurig gebruik leidt tot een snelle verslechtering van zowel
klinische als fysiolcgische eindpunten.

Conclusies

Asima is een chronische ontstekingsziekte. Derhalve hebben ontstekingsremmende
geneesmiddelen een belangrike plaats in de behandeling van astma. Zowsi
cromonen als corticosterciden hebben ontstekingsremmende  eigenschappen,
maar corticosteroiden zijn het meest potent. Van de  verschillende
tocedieningsvormen corticosteroid heeft de inhalatievorm de voorkeur omdat deze
vellig is in de gebruikelijke doseringen. Corticosteroid is het enige medicament dat
luchtweggevoeligheid vermindert. Dit likt belangrilk voor lange-termijn strategie bij
de behandeling van astma, aangezien luchtweggevoeligheid eesn van de
indicatoren van ziekie-activiteit is en een vocrspellende waarde heeft voor het
lange-termijns verloop bij kinderen. De sterkte van het effect van inhalatie
corticosteroid op luchtweggevoeligheid is afhankelijk van de dosis en de duur van
behandeling, en een eenmalige dosering verandert de luchtweggevoeligheid niet
significant.

Wi toonden aan dat alle indicatoren van astma bij kinderen gemoduieerd kunnen
worden met ontstekingsremmende interventie met inhalatie corticosteroid. De 1id
die nodig is om te stabiliseren is verschillend voor symptomen, lechtwegdiameter,
luchtweggevoeligheid voor histamine en piekstroom variatie tussen dagen. Dit
betekent dat deze indicatoren verschilende informatie over de ziekte-activiteit
verschaffen. Slechts een minderheid van de kinderen was in een langdurige
complete of symptomatische remissie aan het eind van de follow-up. Dit betekent
dat zelfs na 2.5-3 jaar behandeling met inhalatie corticosteroid de onderliggende
mechanismen nog actief zijn. Dit werd bevestigd door de bevinding dat na stoppen
van inhalatie corticosteroid de symptomen snel terugkeerden, en dat een
verslechiering optrad van zowel luchtwegdiameter als luchtweggevoeligheid.

We concludeerden dat het dageliks gebruik van inhalatie corticosteroid klinische

en fysiclogische indicatoren van astma bij kinderen verbetert, maar de ziekte niet
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genesst, en dat b de meeste palidnten met matig tot ernstig astma zeer
langdurige behandeling met inhalatie corticosteroiden noodzakelijk lijkt te zijn.

Richilijnen voor toekemstig onderzeek

Theoretisch zou volledige onderdrukking van luchtwegontsteking moeten leiden tot
afname van de luchiwegvernauwing en dientengevoige afname van symptomen
van astma. Onze gegevens laten echter zien dat zelfs na 28-36 maanden
behandeling met inhalatie coricosteroid plus kortwerkend beta,-mimeticum
ongeveer 30% van de patiénten nog niet symptocomvrij is. Dit geeft aan dat inhalatie
corticosteroiden onvoldoende in staat zijn de symptomen te dogn verdwinen in
een aanzienlijk deel van de patiénten met matig ernstig astma. In het kader van een
recenie publicatie die een nadelig effect van een onderhoudsbehandeling met
kortwerkende beta,-mimetica op symptornen van astma suggereert is het belangrijk
rna te gaan wat het additionele effect van een kortwerkend beta,-mimeticum naast
een matige dosis inhalatie corticosteroid is. Hetzelfde geldt voor de langwerkende
beta-mimetica. Langwerkende beta,-mimetica zouden wel eens de voorkeur
kunnen hebben boven kortwerkende beta-mimetica, aangezien bij esen
toedieningsirequentie van 2dd sen continue luchtwegverwijding gedurende 24 uur
bestaat.

Een minderheid van de kinderen heeft meer dan 0.8 mg inhalatie corticosteroid per
dag nodig om hun astma onder controle te houden en kan dzarom wellicht
ongewenste bijwerkingen krijgen. Een alternatief voor behandeling met een hoge
dosis inhalatie corticosteroid zou 2en combinatie van een lagere dosis met een
langwerkend beta,-mimeticum kunnen zijn. Hiervan uitgaande zin de volgende
onderzoeken gewenst:

1. Kortwerkend beta,-mimeticum plus inhalatie corticosteroid versus inhalatie
corticosteroid alleen.

2. lLangwerkend beta,-mimeticum pius inhalatie corticosteroid versus inhalatie
corticosteroid alleen.

3. Langwerkend beta,-mimeticum plus inhalatie corticosteroid <800 pg versus

hoge dosis (>800 ng) inhalatie corticosteroid.
Er is veel geschreven over mogelike bijwerkingen van langdurige behandeling met
inhalatle corticosteroid bij kinderen met astma. Doseringan tot maximaal 800 pg zijn
veilig wat betreft lengtegrosai en bijnerfunctie. Bif volwassenen is aangetoond dat de
botdichtheid kan afnemen onder deze behandeling.’ Dergelike gegevens zijn niet
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beschikbaar over kinderen. De bepaling van botdichtheid bij grosiende individuen
is echter moeiljk en normaslwaarden ontbreken.

In de internationale consensusrapporten over de behandeling van astma Dbj
kinderen wordt cromoglicaat gencemd als medicamant van eserste keus voor
onderhoudsbehandeling bij matig ernstig astma. Zowel cromoglicaat als
nedacromil hebben ontstekingsremmende eigenschappen, maar zij verminderen de
luchtweggevoeligheid niet. De veiligheid wvan cromonen maaki deze
geneesmiddeien aantrekkelijk voor langdurige behandeling van kinderen, maar
uitgaand van het ontbreken van een effect op de luchtweggevoeligheid zou het
lange-termiins beloop van kinderen die hiermes behandeld worden minder gunstig
kunnen zin dan van kinderen die behandeld worden met inhalatie corticostercid.
Het is Klinici bekend dat een subgroep kinderen bestaat die goed ingesteld zijn
met cromoglicaat, maar uitgezocht moet nog worden bij welke Kinderen het effect
van cromonen gelfijk is aan dat van inhalatie corficosteroid. Langdurig enderzoek bj
Kinderen met matig ernstig astma waarin het effect van een cromoon met dat van
een inhalatie corticosteroid wordt vergeleken op zowel klinische als fysiclogische
eindpunten is gewenst. Er is weinig bekend over de combinatie van een cromoon
met een inhalfatie corticosteroid. Sommige onderzoeken suggereren een
steroidsparend effect van DSCGE*, terwil recentere onderzoeken een dergelijk
effect niet vonden.*® Dit vergt meer onderzoek bjj kinderen.

Aangezien ontsteking een centrale piaats heeft bij astma is het aantrekkelik te
kiken naar locale effecten van therapeutische interventie in de bronchiaatboom.
Bronchiaallavage en bronchusbiopsieén geven belangrijke informatie over het effect
van interventies op cellulair niveau. Door verband te leggen iussen deze
bevindingen en symptomen en fysiologische metingen, worden processen die ten
grondslag liggen aan klinische verschijnselen duidsiijker. Dergelijke onderzoeken
zijn recent gestart bij volwassenen. Ze zin moelliker uitvoerbaar bij kinderen.
Hoewel we weinig weten over milde en beginnende vormen van astma, most nog
worden uitgemaakt of deze onderzoeken eveneens gewenst zijn bij kinderen.
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AHR
BA
BAL
BID
BHR
BR
CS
DD
DSCG
FEV,
FvC
NS
NSC
PEF
PC,FEV, (PC)

PD,FEV, (PD)
PL

SD

SEM

SGAW

TID

Qi

ABBREVIATIONS

Airway hyperresponsiveness
Beta,-agonist

Bronchozlveolar lavage

Twice daily

Bronchial hyperresponsiveness
Bronchial responsiveness

Inhaled corticosteroid

Doubling dose

Disodium cromoglycate

Forced expiratory volume in one second
Forced vital capacity

Not stated

Nedocromil sodium

Peak expiratory flow

Provocation concentration which causes 20% decrease of
FEV'

Provocation dose which causes 20% decrease of FEV,
Placebo

Standard deviation

Standard error of the mean

Specific airway conductance

Three times daily

Four fimes daily
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avonds om 22.30u en ’s morgens om 7.30u misseni

Dr. D.8. Postma heeft met mij aan de wieg gestaan van het S.G.0. onderzoek.
Beste Dirkje, je hebt me enthousiast meegesleurd in het landelike interventie
onderzoek dat zowei bij volwassenen als kinderen met CARA werd opgezet. We
hebben heel wat uurtjes geboomd over de opzet van het onderzoek, en wat er
dearna allemaal kwam (symposia, naticnale en internationale vergaderingen,
verslagen, presentaties, geld, en nog veel meer..). Ik wil je bedanken voor al je
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activiteiten die zeer bepalend zijn geweest voor het slagen van ons onderzoek. Ik
hoop oprecht dat onze samenwerking (en vriendschap!) biijit voortbestaan.

Michael Hughes is the statistician who gave maximal statistical support to this
study. Dear Mike, | would ike to thank you for all your effort, for the good
cooperation that we had and for your correction of my English. Even after your
move from london to Boston the distance was never a problem for our
communication.

Stuart Pocock was involved in our study as an epidemiologist. Dear Stuart, | would
like to thank you for the fruitful cooperation.

Peter Sterk, Jan Bogaard, Hans Folgering, Karel Roos en Thom van der Mark ben
ik zeer erkentelik voor hun medewerking bij het nastreven en handhaven van een
goede Kwaliteit van de longfunctie metingen.

Jan de Monchy bedank ik voor het bepalen van de RAST testen.

Huib Kerstiens, Paul Brand en Ad de Gooijer zijn de Groningse cobrdinatoren van
het S.G.0. onderzoek bij volwassenzn. Met hen had ik sieeds een plezierige
samenwerking, en menig uurtje brachten we gezamenlijk door in Groningsn,
Rotterdam of een van de vele andere ontmoetingsplaatsen. We leerden veel van
elkaar, en met elkaar leerden we wat het betekent om multicentrisch onderzoek te
codrdinerén. De ervaring die we hebben opgedaan is van onschatbare waarde.
Peter Merkus bestudegrde de groei van iongen en iuchtwegen bif de "S.G.O.-
kinderen" in Den Haag en Rotterdam. Hij heeft derhalve een groot deel van de
S.G.0.-metingen verricht, waarvoor ik hem bedank. Bijf de kinderen en ouders was
‘Peter' een begrip! Beste Peter, ik wil je ook bedanken voor je hulp bij het ijken van
de histaminecupjes, een jaarlijks terugkerende ellende. Je cog voor de details was
onmisbaar.

Prof. dr. Ph.H. Quanjer en Prof. dr. H.J. Sluiter, beste Philip en Henk, jullie vormden
met Karel Kerrebijn de programmacommissie van het 8.G.0.-onderzoek ofwel "de
bende van drig" en hebben ieder op le eigen wijze mede gestalte gegeven aan dit
onderzoek. Ik heb veel van jullie geleerd, en genoten van deé speciale manier
waarcp jullie met elkaar omgingen. Vergaderingen zaten jullie ieder op zijn tijd voor,
en de sfeer waarin deze plaatsvonden was steeds goed. Ook wit ik juilie danken
voor de hulp bij het vervaardigen van de diverse verslagen.

Prof. dr. K. Knol, dr. J. Gerritsen, dr. E.J. Duiverman, dr. J.E. Prinsen, drs. J.M.
Kouwenberg, beste Klaas, Jorrit, Eric, Dick en Jan, ik wil julie bedanken voor de
pretige samenwerking binnen dit onderzoek en de gelegenheid die jullie mij gaven
om de gegevens te bewerken.

Herman Waalkens verrichtie een deel van de metingen in Groningen, en berwerkte
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gen deel van het onderzoek. Beste Herman, ik denk met veel plezier terug aan
onze "joint venture", die heeft geleid tot enkele gezamenlijke hoofdstukken in onze
proefschriften.

De artsen "van de werkvioer" met wie wij de S.G.0. onderzoeksgroep vormden
bedank ik voor de goede samenwerking.

De longfunctie-assistenten die alle S.G.0.-metingen nauwgezet hebben verricht
waren onmisbaar voor het slagen van dit onderzoek. Zij schiepen de juiste sfeer
waarin een dergelik onderzoek hoort plaats te vinden. Sommige S.G.0O.-patiénten
waren niet meer b jullie weg te slaan, "omdat het zo gezellig was!" In het Sophia
Kinderziekenhuis dank ik hiervoor Edith van Duin-van de Water, Eiske van der
Plas-Parlevliet, Sylvia de Jager, Dorien van Haren, Yvonne Eikelenboom-Bies en
Azfle Coumans-Pieterse. Elske, jou dank ik in het bijzonder voor de vele uren die je
hebt besteed aan hst iken van de histaminecupjes. Cok de administratieve
medeawerksiers Miep van Gemeren-Buik, Coby Kloosterman en Aafke 't Lam
droegen hun steentje bj. in het Juliana Kinderziekenhuis wil ik met name Thea
Haine-Boos harteljk bedanken voor de enorme inzet waarmee zij het onderzoek
daar in goede banen heeft geleid.

De secretariéle andersteuning van het 5.G.0.-onderzoek, die o0.a. inhield het in de
computer inveeren van alle onderzoeksgegevens en het bijhouden van de
financidie administratie, was een omvangrijke taak die met grote nauwgezetheid
moest worden vervuld. Achtersenvolgens waren hiervoor aangesteld Anna
Hartman-Bochdanek, Astrid Rikkengaa-van der Pols, Simone Smit en Fedde Spoel.
Ik ben hen veel dank verschuldigd voor de plezierige samenwerking en de goede
kwalitet van hun werk.

De medisch studenten Hanneke de Jong en Annemarie Ferwerda hebben de
metingen verricht voor het onderzoek naar het acuut eifect van inhalatie
corticosteroiden op bronchiale prikkelbzarheid. Daarvoor wil ik hen hartelijk
bedanken.

De figuren werden vervaardigd door Ineke Slag, Audiovisueel Centrum, waar ik
menigmaal onverwacht binnenviel en nooit tevergsefs.

Johan de Jongste, waameamend subhoofd van de Subafdeling Longziekten van de
Afdeling Kindergeneseskunde, ben ik erkentelijk voor het kritisch en snel doorlezen
van de diverse manuscripten. Hij maakte het samen met mijn andere collega’s Anja
Verberne, Harm Tiddens en Govert Brinkhorst mogelik om dit proefschrift af te
ronden, waarvoor iK hen heel graag wil bedanken,

Irma Beckers en Annelies de Reus van het stafsecretariaat bedank ik voor hun

157



bereidheid om mij op ieder wiliekeurig moment weer "even" bij de computer toe te
laten om een stuk tekst uit te printen. Sorry voor het ongemak dat ik juflie zo vaak
heb bezorgd!

Het onderzoek werd financieel mogelijk gemazkt door een subsidie van het
Ministerie van Onderwijs en Wetenschappen uit S.G.0.(Stimulering Gezondheids
Onderzoek)-geld. Daamazast leverden de farmaceutische bedriven Astra,
Boehringer an Glaxo een financiéle biidrage. Ik dank hen allen hiervoor,

Mijn ouders ben ik zeer dankbaar dat zij mij In de geiegenheid stelden om
geneeskunde te studeren. Min vader leefde intens mee met het onderzoek, maar
overleed helaas te vroeg om de afronding mee te kunnen maken.

Hans, jou dank ik het meest van allen, voor de steun die j& me onvoorwaardelijk
hebt gegeven. Het boekje is nu niet langer "bijna klaar" maar "kiaar". lk hoop weer
wat meer tijd voor jou te krijgen.
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CURRICULUM VITAE

De schrijffster van dit proefschrift werd geboren op 7 november 1953 te Leiden. In
1972 behaalde zii het eindexamen gymnasium beta aan het Agneslyceum te
Leiden. In dat jaar begon zif de studie geneeskunds aan de Medische Faculteit van
de Riksuniversiteit Leiden. Zij slaagde in 1878 voor hset doctoraal examen en in
1979 voor het artsexamen. Van 1879 tot 1983 specialiseerde zij zich in de
kindergeneeskunde in het Academisch Ziekenhuis Leiden (opleider prof. dr. L.d.
Dooren). In 1883 was zij gedurende 8 maanden vervangend kinderarts op de
polikiniek algemene kindergeneeskunde en in de kliniek van het Sophia
Kinderziekenhuis te Roiterdam (hoofd prof. dr. H.K. A, Visser). In dit ziekenhuis was
Zii vanaf eind 1983 gedurende 10 maanden werkzaam op de afdeling
kinderlongziekten, gevolgd door een jaar op de afdeling kindercardiologie en een
jaar op de afdelingen zuigelingen en kleuters als chef de clinigue. Vanaf 1986 is zj
werkzaam op de afdeling kinderlongziekten, waar zij door prof. dr. KF. Kerrebiin
werd opgeleid tot kinderlongarts. Cp deze afdeling bewerkte zij de gegevens voor
dit proefschrift.

De schrijffster is getrouwd met Hans van Essen.
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