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Asthma is an inflammatory disease characterized by
reversible airflow limitation and hyperresponsiveness [1].
Inhaled corticosteroids (ICS) are considered the mainstay
of asthma treatment [2, 3]. Their role in the treatment of
asthma has been reviewed recently [4–6]. Since the in-
troduction of beclomethasone more than 25 yrs ago, new
topical corticosteroids such as triamcinolone, flunisolide,
budesonide and fluticasone have been introduced. Also,
the patent on beclomethasone has expired in many coun-
tries, making the introduction of generic preparations pos-
sible. New modes of delivery of drugs have been developed,
including different types of powder devices and spacers. New
propellants, such as hydrofluoroalkanes (HFA), should short-
ly replace chlorofluorocarbons (CFC), eliminated for en-
vironmental reasons [7]. Clinical efficacy may be assumed
from pharmacological equivalence, but for therapeutic eq-
uivalence and systemic effects, it should, ideally, be dem-
onstrated [8, 9].

Government agencies, industry and clinicians are, there-
fore, faced with the task of evaluating the comparative
safety and efficacy of generic preparations, and different
corticosteroids, delivery systems and aerosol formulations.
As a result, the Canadian Thoracic Society, with the sup-
port of Health Canada, asked its Asthma Committee to
perform this task. Two symposia were held, the first in Seattle
in May 1995 (which included international experts) and
the other in Toronto in December 1995. Another objective
of the Committee was to suggest a model that could be
tested through a National Study and, if data were insuffi-
cient to do this, determine what other studies should be
conducted. This document summarizes these discussions
and adds data from recent publications.

General considerations

The therapeutic effect of inhaled agents is influenced by
a number of factors, such as the therapeutic potency of the
agent and the amount reaching the airways of the lungs,
the latter depending on the type of inhaler used, aerosol
properties and the inhalation technique [10–12].

In comparing different drugs, knowledge of the clinical
bioequivalence is useful. Recommendations to determine
bioequivalence of agents such as ICS have been published
by the British Association for Lung Research [13]. Phar-
macodynamic evaluation is considered important when com-
paring inhaled medications. With regard to clinical trials,
long-term (>1 month) studies in subjects of a range of ages
and disease severity are recommended. Safety assessments
should include integrity of the hypothalamopituitary-ad-
renal (HPA) axis and incidence of local side-effects, while
efficacy is determined by parameters such as morning and
evening peak expiratory flows (PEF), bronchoprovocation
studies and number of asthma exacerbations.

Systemic bioavailability will depend mainly on the ab-
sorption of the drug through the bronchopulmonary
vascular bed and to a lesser degree, on gastrointestinal
absorption [10, 14, 15]. The best agent would have good
topical corticosteroid action from pulmonary tract deposi-
tion, little absorption through the gastrointestinal tract and
be inactivated or eliminated rapidly from the circulation.

Safety/efficacy ratio

In comparing ICS, an assessment should be made, not
only of the efficacy in terms of dosing, but also of the

Introduction (L-P. Boulet, F.E. Hargreave)............ 1194
General considerations (L-P. Boulet, F.E.
Hargreave, D.W. Cockcroft, J. Toogood)................ 1194
Assessing bioequivalence or relative potency.........1196

Clinical trials (L-P. Boulet, Y. Lacasse)...................1196

Bronchoprovocation tests (D.W. Cockcroft)........... 1199
Steroid reduction model (F.E. Hargreave)...............1200
Recommendations with regard to efficacy...............1201

Assessing systemic bioequivalence and relative
safety (J. Toogood, J. Baskerville)............................ 1201

CONTENTS

*Centre de Pneumologie de l'Hôpital Laval, Université Laval, Sainte-Foy, Québec, Canada. **Dept of Medicine, Division of Medicine, Royal Univer-
sity Hospital, Saskatoon, Saskatchewan, Canada. +University of Western Ontario and London Health Sciences Centre, London, Ontario, Canada.
§Asthma Research Group, St Joseph's Hospital, and Mc Master University, Hamilton, Ontario, Canada.

Correspondence: L-P. Boulet, Hôpital Laval, 2725, Chemin Sainte-Foy, Sainte-Foy, Québec, Canada G1V 4G5, Fax: 1418 6564762

Received: June 23 1997; Accepted after revision August 26 1997

Supported by Health Canada.



COMPARATIVE ASSESSMENT OF SAFETY AND EFFICACY OF INHALED CORTICOSTEROIDS 1195

relationship of the different doses between the therapeutic
and adverse effects (particularly if these are systemic).

Factors to be considered in comparative studies

When comparing the efficacy and safety of new ICS to
agents previously approved for asthma treatment, many
factors should be considered (table 1). Some of these rel-
ate to the nature of the drug and its mode of administration
(including the type of device and aerosol formulation), the
type and severity of asthma (including the degree of airway
inflammation) and concomitant treatment. Other factors
relate to the study design, the choice of control population
and the outcomes.

Inhalation technique

Among the conditions that may influence the intrapul-
monary delivery of drugs inhaled via a pressurized met-
ered-dose inhaler (pMDI), the following are known to be
important:
1) With the closed mouth technique, reflex gagging and
cough may reduce intrapulmonary drug priming delivery in
some subjects. The open mouth technique minimizes this
problem.
2) Failure to shake the pMDI between each puff can mate-
rially reduce the amount of drug expelled from the pressu-
rized canister [16].
3) Variations in the timelapse between expelling the drug
and the start of inspiration [17–20].
4) Variations in the point in the respiratory cycle at which
drug inspiration commences, e.g. residual volume or func-
tional residual capacity (FRC) [21, 22].
5) The rate at which the drug is inspired [20, 23].
6) The presence and duration of a post-inspiratory breath-
hold [21]. More specifically, intrapulmonary drug delivery

will be reduced if there is inadequate coordination bet-
ween inspiration and delivery of the drug, if the delivery
occurs too late during inspiration, if inspiratory flow is too
rapid and if post-inspiratory breath-hold is too short.

Inspiration should start at FRC immediately before ex-
pelling the dose from the pMDI, proceed at 25–30 L·min-1

to total lung capacity, and be followed by a 5–10 s breath
hold before exhalation [21]. The technical support staff
and test subjects require training to ensure uniformity of
the methods of drug administration at each investigative
site. Preliminary uniformity trials may be indicated to con-
firm the efficacy of this training. Repetition of such trials
is desirable whenever a major change in personnel or
equipment occurs at any of the investigative centres.

In regard to powder inhalers, factors such as inspiratory
flow may markedly influence the dose inhaled as it should
be sufficient to ensure the penetration of the powder into
the lower airways. Powder device efficacy may be affected
by humidity.

The issue of compliance

In many previous studies comparing ICS, compliance
was not monitored. Compliance with regular therapy is
known to be low, overall being estimated to be about 50%
of the prescribed dose; therefore, it is preferable to have
some measure of compliance such as canister weight, pill
counts, daily record and interview [22–24]. Some elec-
tronic devices have been used to count the number of in-
halations in some research projects [23]. Compliance with
the monitoring of PEF used in many trials also needs to be
considered; it is poor when the study is longer than 3
months or if patients are not motivated to do these meas-
urements [25]. Compliance may be used as a covariate in
the data analysis.

Statistical analysis and clinical significance of the results

Establishment of confidence intervals has been sugge-
sted as an adequate approach to equivalence testing of drug
formulations [26]. It defines the maximum acceptable dif-
ference between formulations that can still be considered
clinically equivalent. The confidence intervals of the dif-
ferences should fall within predetermined limits.

A method that allows the detection of small differences
in efficacy between two or more inhaled drugs is consid-
ered ideal for the assessment of new agents. Consideration
should be given to whether the observed difference is clin-
ically relevant, particularly when there is a considerable
difference in cost or ease of administration.

Finally, in order to validate a comparative potency
model, it is necessary to demonstrate that the model can
differentiate between different doses of the same inhaled
corticosteroid. It should be able to demonstrate a dose-
response effect.

Conclusion

There is no validated method available to compare ICS
potency. A simple validated method for evaluating relative
potency of ICS is needed. Many factors should be consid-
ered when comparing efficacy and safety of ICS. Some of
these have been discussed above and others will be men-
tioned below.

Table 1.  –  Factors influencing comparative efficacy and
safety of inhaled corticosteroids 

Related to the drug
Corticosteroid potency
Bioavailability

Amount reaching the airways
Gastrointestinal absorption

Related to the mode of administration
Type of inhaler
Aerosol formulation
Technique of use
Related to the patient*
Severity of asthma

Baseline airflow limitation
Airway inflammation

Compliance with treatment
Compliance with ambulatory measures (if used)
Concurrent therapy
Cost and socioeconomic factors
Related to the methodology
Study design (parallel group, cross-over, etc.)
Dosing and duration of treatment
Method of analysis
Choice of outcomes
*: some of these may be mostly considered as "confounding
factors".
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Assessing bioequivalence or relative potency

Clinical trials

A large number of clinical trials comparing the efficacy
and safety of different ICS have been conducted over the
last 20 yrs [5, 27]. Some have attempted, with limited suc-
cess, to identify the relative potency of different ICS and
to determine the therapeutic equivalence of currently used
ICS and newly developed agents [10, 13]. There is, how-
ever, a need for standardized models and specific evaluation
criteria. A number of important methodological aspects
and potential pitfalls should be considered if a valid com-
parative study of ICS is to be undertaken. These include:
1) a clear identification of the drugs under study; 2) an
unambiguous definition of the study population; 3) the
choice of valid and responsive outcome measures, i.e. meas-
ures able to detect changes over time if a real and signi-
ficant change in the patients' clinical condition has occurred;
and 4) a design that best allows the comparison by mini-
mizing biases (table 2). The following discussion add-
resses these considerations.

Study intervention: comparison of ICS. In comparing
ICS, the investigators should first take into account the
pharmacodynamic and pharmacokinetic properties of the
drugs under study.

Dose-response and plateau effect of ICS. It has been es-
tablished that there is generally an increasing effect of ICS
with increased dosing (dose-response effect). For exam-
ple, TOOGOOD and co-workers [28, 29] determined that
increasing doubling-doses of beclomethasone dipropion-
ate (200–1,600 µg·day-1), inhaled budesonide (800–3,200
µg·day-1) or prednisone tablets (7.5–40 mg·day-1) every 2
weeks for 6–8 weeks, provided a dose-response improve-
ment in symptoms, expiratory flows and bronchodilator
needs. This provides an opportunity to compare different
doses of two agents and different degrees of severity of
asthma. Nevertheless, there is a paucity of data assessing
comparative dose-response relationships of ICS in terms
of potency. A dose-response examination is required to

identify whether a dose of new drug is similar or different
to one dose above and one below. Looking at the slope
and position on the dose-response curve may provide
information on the effects of different doses. Most com-
parisons between budesonide and beclomethasone have,
however, used single-doses of each drug [27].

With regard to potential problems associated with com-
parative studies of ICS, one is the presence of a "plateau"
over which increasing doses cause minimal improvement
in asthma [5]. Although, in most subjects, this "plateau"
seems to appear at doses greater than the equivalent of
1,000–2,000 µg of beclomethasone, it may vary according
to the subjects selected, their steroid responsiveness and
over time [27]. Problems may, therefore, arise if the doses
used are on the plateau of the dose-response curve, mak-
ing it difficult to detect intertreatment differences.

Another factor that may influence results is the fre-
quency of dosing. A corticosteroid given at 4 doses·day-1

may offer better results than with less frequent dosing, for
a given total daily dose, although most subjects will be
well controlled with twice, or even once, daily doses of
ICS [30, 31]. Furthermore, according to chronopharmaco-
logical studies, the time of the day the agent is given
should also be considered. It has been suggested that cor-
ticosteroids were more efficacious when given in the
afternoon than in the morning [32]. In this regard, a single
total daily dose administered at the end of the day offered
a similar degree of asthma control as a twice daily dose in
stable mild to moderate asthmatic subjects, although this
has also been suggested with single morning doses of
budesonide or fluticasone [30, 31, 33].

As indicated elsewhere in this report, the different de-
livery systems currently available for inhaled medications
may influence bioavailaibility and efficacy of the agents
tested and are another factor that should be considered in
the design of any trial of ICS. The type of device or the
addition of a spacer to a metered-dose inhaler may affect
drug deposition [34]. As the study question is usually
whether one corticosteroid is more potent than another,
any difference in study outcome should not be explained
by a difference in their mode of administration.

Selected examples of comparisons of different ICS. The
aim of this report is not to provide an exhaustive review of
the studies assessing the comparative efficacy of ICS. The
primary intention is to stress the difficulties and consider-
ations that need to be taken into account in doing such
comparisons, using specific examples (although not all
were necessarily designed to identify bioequivalent or rel-
ative potency) to illustrate what has been done up to now
and how these investigations can be improved and better
standardized. Three selected comparisons are given below:
1) Comparison of beclomethasone and budesonide. Many
studies have been conducted to assess and compare the
therapeutic efficacy of beclomethasone dipropionate and
budesonide, in both adults and children. Reviews of these
results have been published [27, 35, 36]. Most of them
involved doses ð800–1,000 µg·day-1. The different evalua-
tions suggest that budesonide is at least as effective as
beclomethasone throughout the whole range of dosing [37–
49]. The drugs were, however, sometimes administered by
different inhaler devices or without a washout period,
making the comparative efficacy of the two agents diffi-
cult to assess.

Table 2.  –  Difficulties with clinical trials of inhaled cor-
ticosteroids (ICS)

Study intervention

Study populations

Study outcomes

Study design

Dose-response and plateau effect of ICS
Different inhalation devices used
Insufficient number of patients to achieve
   sufficient statistical power
Asthma too well-controlled to show a 
   difference
Sufficiently unstable asthma required to
   allow clinical improvement
Asthma destabilization associated with 
   potential risks
Different efficacy parameters and methods
   of analysis
Undefined minimal clinically important
   difference
Irrelevant outcomes
Lack of responsiveness of outcome
   measures
Use of crossover design
Insufficient duration of washout period in
   crossover trial
Insufficient duration of treatment
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2) Comparison of beclomethasone and fluticasone. Dose-
ranging studies have shown a dose-related improvement
in asthma control with fluticasone propionate and increas-
ed potency of fluticasone compared to beclomethasone in
terms of improvement of pulmonary function [50–55]. A
2:1 equivalence of fluticasone over beclomethasone has
been suggested, based on the observation of maintenance
of the same degree of asthma control with a half-dose of
fluticasone compared to beclomethasone [56, 57]. Similar
doses provided a better improvement over 1 yr in asthma
severity and reduction of asthma exacerbations with fluti-
casone than beclomethasone.
3) Comparison of budesonide and fluticasone. The equiv-
alence of budesonide with fluticasone is still controversial
[58, 59].

Study populations: which patients should be studied? The
main site of action of ICS is considered to be on eosi-
nophilic airway inflammation. Accordingly, the clinical or
physiological improvements have been associated with
a reduction of this inflammatory process [60, 61]. The
degree of airway inflammation varies significantly bet-
ween subjects and is difficult to study clinically by pro-
cedures such as bronchial biopsy and bronchoalveolar
lavage (BAL). In the future, it may be studied successfully
by less invasive techniques such as induced sputum [62–
64].

Up to now, asthmatic patients in clinical trials have
most often been enrolled on the basis of clinical defini-
tions related to the severity of the disease. Recently, COCK-
CROFT and SWYSTUN [65] underlined the current confusion that
exists between the concepts of "asthma control" and
"asthma severity". "Asthma severity" is defined in several
ways. On the one hand, it has traditionally been defined
according to a combination of features such as symptoms,
medication requirements, physiological abnormalities and
morbidity. These last, however, mostly describe a lack of
asthma control and severity can be better defined accord-
ing to the anti-inflammatory medication required to ach-
ieve asthma control, although we should keep in mind that
steroid-responsiveness can modulate this. Control of as-
thma may, therefore, be defined according to the presence
or absence of asthma symptoms and the impact of the dis-
ease on the functional status of patients' functional status
[3]. Thus, severe asthma may be well controlled, with
minimal symptoms and excellent pulmonary function;
on the other hand, mild asthma may be uncontrolled or
poorly controlled. Achieving disease control and reducing
its severity represent different objectives although they are
closely related.

To study the effect of ICS on the control of asthma,
however, the disease should be slightly uncontrolled in
order to allow clinical improvement to be detected. There
should probably be eosinophilic airway inflammation, as
detected by induced sputum. It may be difficult to com-
pare the effects of two drugs if the degree of control is dif-
ferent from one group to another or if patients are very
poorly controlled, in which case marked improvements in
both groups when ICS are added or increased may mask a
difference. The possibility of destabilizing asthma before
the study is associated with potential risks that may be
considered unethical, unless performed as progressive with-
drawal with close follow-up. When the trial is performed
in only mild to moderately uncontrolled asthma, even if

subjects have been like this for weeks or months, close
follow-up is required, to detect any worsening that would
require rapid intervention. Placebo-comparative studies may
not be possible unless the asthma is only mildly uncon-
trolled, as it is considered unethical to leave more severely
uncontrolled asthmatics without anti-inflammatory drug
treatment.

The issue of sample size of clinical trials. The inclusion
of heterogeneous populations of asthmatic patients (aller-
gic and nonallergic asthma; children and adults; severe
and mild asthma) in clinical trials would enhance the
gener-alizability of the findings. However, the more heter-
oge-neous the study population, the larger the measures of
dispersion of the clinical outcomes, with the consequent
increase in sample size required to detect any difference or
to demonstrate that the drugs under study are equivalent.

Investigators planning ICS trials are usually interested
in demonstrating the equivalence of therapies, that is the
degree of similarity in therapeutic effects of two or more
drugs [66]. In designing such trials, attention must be paid
to the type II (β) error, that is the probability of falsely
accepting the null hypothesis when a difference truly
exists. In interpreting the reports of such clinical trials,
nonsignificant p-values do not inform the clinician about
the type II error. Many authors have rather suggested that
presenting confidence intervals is a better approach to
equivalence testing of drug formulations [26, 67, 68].

The confidence interval around a mean represents the
range of values that are plausible for the population [69].
For instance, let us consider the difference in forced expir-
atory volume in one second (FEV1) following a rand-
omized double-blind crossover trial of inhaled fluticasone
propionate versus beclomethasone dipropionate in 21 as-
thmatic patients [54]. After the two 6 week treatment
periods, the difference was 60 mL favouring fluticasone
propionate. The 95% confidence interval for the popula-
tion difference mean was from -80 mL (that is 80 mL
favouring beclomethasone dipropionate) to 195 mL (that
is 195 mL favouring fluticasone propionate). Simply put,
this means that if a number of similar trials were carried
out in different samples of patients from the same popula-
tion, then the mean difference would fall, in the long run,
within this interval 95% of the time. A larger sample size
would have reduced the width of the confidence interval
in producing a better estimate of the "true difference".
Ninety five percent confidence intervals are most often
selected because they correspond to the usual 5% level of
statistical significance.

Since power is exclusively a pretrial concept, it should
not play any role once the data have been collected. In-
stead, the confidence interval around the score difference
should address the question of significance of negative
results [68]. In equivalence trials, before accepting the
null hypothesis, the confidence interval of the differences
in clinical outcome should fall within predetermined lim-
its corresponding to values usually regarded as clinically
non-significant [70].

As a correlate, in some studies, particularly when large
groups of subjects are enrolled, small differences between
drugs may become highly significant. However, these dif-
ferences might not be meaningful in clinical practice. Some
authors have arbitrarily determined clinical significance of
pulmonary function parameters but these may vary from
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one to another. The same issue also applies to funding ag-
encies and formularies, which have to determine if the
differences observed between a new agent and current
standards are sufficiently different to warrant approval,
sometimes at a higher cost [70].

Study design: on the use of crossover design. Recent ov-
erviews of clinical trials of inhaled steroids in asthma have
also demonstrated that the crossover design has been the
most commonly used by investigators [27]. In crossover
trials, subjects serve as their own control, thereby reduc-
ing error variance [71]. Consequently, fewer patients are
generally needed as compared to the randomized paral-
lel-group controlled trial. LOUIS et al. [71] have considered
a number of factors that determine the effectiveness of the
crossover design. The major concern with the crossover
design in asthma trials is the carryover effect: the thera-
peutic effects of the first treatment may persist during the
administration of the second. In asthma trials, investiga-
tors have tried to overcome the problem of carry-over
effect in several ways: either a wash-out period has been
introduced between the treatment periods, or the statistical
analysis has concentrated on the data collected at the end
of each treatment period.

Nevertheless, one could argue that crossover design is
not optimal in investigating the effect of any anti-inflam-
matory drug in asthma for several reasons. Firstly, asthma
is, by definition, a disease characterized by fluctuations of
symptoms and physiopathological manifestations [3]. This
also applies to parallel group studies, but the influence of
these changes may be more significant in studies with a
crossover design. Secondly, inflammatory changes and
clinical manifestations can be partially or even, in mild
cases, completely suppressed with anti-inflammatory drugs
[72]. Thirdly, and most importantly, ICS may have persist-
ent effects after cessation of the treatment for variable
periods of time, their duration of action not being well
characterized [73, 74]. Consequently, on a theoretical bas-
is, parallel-group should be preferred over crossover des-
igns. The potential problems with the crossover design
should be weighed against the disadvantages of a parallel
group design, particularly with regard to the issue of sam-
ple size, which is typically larger in parallel group design.

Study outcomes: which parameters should be measured?
Symptoms, β2-agonist use and expiratory flows. Symp-
toms, β2-agonist use and expiratory flows are among the
most frequently used parameters to evaluate the efficacy
of ICS (table 3) [74]. Symptoms are measured during the
day and night, on different scales. Objective measurement
of expiratory flows should be used. These include the
ambulatory measurement of PEF comparing morning,
evening and diurnal variation. Spirometry obtained in the
laboratory, or more recently from computerized devices,
may be obtained. The use of rescue medication (β2-agonist
use) is considered another good marker of asthma control
[75]. Each of these outcomes has its own clinical rele-
vance for both the asthmatic patient and the physician.
The choice of a clinical outcome as the primary endpoint
in clinical research is still a matter of controversy.

Ideal measure outcomes to be used in clinical trials
should be valid and responsive. The responsiveness of an
instrument refers to its ability to detect a real change in the
patient's condition over time, even when it is small [76].
Changes should be detectable over a reasonably short
period of time in order to limit the study period and the
high drop-out rates associated with long clinical trials.
The responsiveness of an outcome measure also deter-
mines the sample size needed to detect a significant change.

From the perspective of the patients, health-related
quality of life (HRQoL) is the most relevant outcome.
However, the correlation between health status reported
by patients and physiological measures is not always good
[77]. As compared to chronic obstructive pulmonary disease
(COPD) [78], the objectives of asthma therapy may not
only be to relieve current symptoms. Indeed, from the per-
spective of the physician, physiological outcomes such as
airway hyperresponsiveness may help to predict clinical
outcome [79]; this, in addition to the ability of many
patients to adapt their lifestyle to reduce asthma symp-
toms and the impact of the disease on their day-to-day life
[80], makes physiological outcomes as relevant as quality
of life when establishing goals of treatment.

Airway responsiveness. Long-term administration of ICS
reduces airway responsiveness [81–85]. Assessment of
airway responsiveness, either with exercise, cold air, his-
tamine/methacholine or adenosine monophosphate (AMP)
challenges, may be useful to compare the efficacy of ICS.
More studies are needed to examine dose-response effects
of ICS on airway responses to these stimuli [86] (see
Bronchoprovocation tests section).

Proposal for studies of comparative efficacy of ICS from
clinical trials. Elements of an "ideal" study group to
determine comparative efficacy using clinical trials are
presented in table 4. They include mildly uncontrolled
asthma and, preferably, steroid-naive subjects; there should
be sufficient room for improvement but not marked lack
of control that may be deleterious for the subject and
would allow almost any compound with some degree of
activity to induce significant improvements. There should
be airway inflammation on which ICS can act. Sample
size should be large enough to reduce the magnitude of

Table 3.  –  Common asthma outcomes measured to ass-
ess efficacy of inhaled corticosteroids

Respiratory 
  symptoms

Expiratory flows

Spirometry
Rescue medication
Airway 
  responsiveness

Quality of life
Morbidity
Socioeconomic
  variables

Type of symptom: cough, breathlessness,
  chest tightness, sputum production,
  wheeze
Chronology: night-time, daytime
Intensity: different scales...
Peak expiratory flow: morning, evening,
  diurnal variation
Expiratory flows
β2-agonist use
Chemical agents: (histamine/
  methacholine, AMP, adenosine)
Physical stimuli (exercise, cold air);
Assessment of different domains
ED visits, hospital admissions
Reduction in health care costs

AMP: adenosine monophosphate; ED: emergency department.
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type II error. With regard to the best comparison parame-
ters, physiological outcomes and HRQoL measures should
coexist. Airway responsiveness to AMP may possibly
afford better sensitivity than methacholine responsiveness
to detect a difference between two ICS, although this
should be studied further. Since the objective of most tri-
als is to demonstrate the equivalence of ICS, the interpre-
tation of any negative clinical trials should focus on the
magnitude and limits of the confidence interval around the
mean difference in clinical outcomes in relation to what is
usually considered as the minimal clinically important dif-
ference. Ideally, the study should be randomized, double-
blind, graded-doses trials, with at least three doubling doses
of each corticosteroid considered to be equivalent. Paral-
lel-group should be preferred over crossover trials, as they
avoid the risk of a persisting effect of the first treatment
or change in baseline parameters from one period to the
other.

Bronchoprovocation tests

Bronchoprovocation tests are valuable in both clinical
evaluation and research studies in asthma. It is hypothe-
sized that the bronchoprovocation laboratory may provide
a method for evaluating relative potency of inhaled corti-
costeroids. There are few data to support this hypothesis.
This review, therefore, is largely theoretical.

Airway responsiveness. Airway responsiveness is meas-
ured using many different stimuli to provoke broncho-
constriction [87]. The stimuli can be initially divided into
selective and nonselective (table 5). Selective stimuli will
provoke bronchoconstriction in only some asthmatic sub-
jects and include sensitizing agents (allergens, low mole-
cular weight chemical sensitizers) and nonsensitizers (acetyl
salicyclic acid (ASA), nonsteroid anti-inflammatory drugs
(NSAID) and, perhaps, food additives). The nonselective
stimuli will, in theory, provoke bronchoconstriction in all
asthmatic subjects. The terms "nonallergic" and "nonspe-
cific" have also been used. Recently, it has been suggested
that the nonselective stimuli might be more appropriately
divided into "direct" and "indirect" [88]. Direct stimuli pro-
voke bronchoconstriction by acting directly on media-
tor-specific receptors on smooth muscle, and include
histamine, methacholine and other muscarinic agonists,
and probably arachidonic acid metabolites. The indirect
stimuli provoke bronchoconstriction through intermedi-
ate pathways such as mast cell mediator release, neurolog-
ical reflex, etc. The physical stimuli and some of the
chemical stimuli (AMP, β-adrenergic blockers, others) are

probably indirect. Although this classification is generally
applied to the nonselective stimuli, all of the selective
stimuli (e.g., allergen) also involve indirect mechanisms.

ICS and airway responsiveness. Single doses of corticos-
teroids, either inhaled or oral, exert no influence on nonse-
lective airway responsiveness [89]. By contrast, regular
dosing with ICS has a marked influence on airway respon-
siveness [81–83, 85, 90–99], hypothesized to be due to
reduction in airway inflammation [100]. The improve-
ment in airway responsiveness is variable from study to
study and may well depend on patient population, dose of
corticosteroid and duration of treatment.

Generally, improvement in histamine or methacholine
provocative dose or concentration causing a 20% fall in
FEV1 (PD20 or PC20, respectively) values in the range of
one to two doubling concentrations or doses is reported
with a short-term corticosteroid treatment (1–6 weeks).
Studies of longer duration suggest that the improvement
in airway responsiveness may continue for several months
or longer. The greatest improvement in airway responsive-
ness was shown by WOOLCOCK et al. [92] over a period of
18–24 months. This marked improvement could be partly
explained by the fact that at the time of enrolment in the
study the subjects had uncontrolled asthma, although the
improvement continued over a few months, when asthma
was probably better controlled. Nevertheless, a study such
as this is of necessity when uncontrolled and other factors
may play a role in the improvement (environmental con-
trol, natural history, other medications, etc.). It is impossi-
ble from the literature to assess whether or not there is a
dose-response for the effect of corticosteroids on airway
responsiveness to histamine or methacholine. There ap-
pears to be a relationship between the response and the
duration of treatment.

Table 4.  –  Elements of an "ideal" clinical trial to compare
efficacy of inhaled corticosteroids

Mildly uncontrolled asthma
Preferably steroid-naive subjects
Double-blind, randomized, parallel group study
Sample size sufficient to avoid type II group study
Includes physiological (e.g., airway responsiveness) and 

quality of life measures
Grades-doses trial with at least three doubling-doses of each

corticosteroid plus, ideally, another one if the drug is new
Presence of sufficient airway inflammation (eosinophilic)*
*: may be assessed by noninvasive techniques such as induced
sputum analysis

Table 5.  –  Stimuli used for bronchoprovocation

Nonselective stimuli
Chemical

Selective stimuli
Sensitizers

Histamine
Muscarinic agonists
  (e.g., methacholine)

β-adrenergic antagonists
α-adrenergic antagonists
Prostaglandin (F2α)
Leukotrienes (C4, D4, E4)
Platelet activating factor
Bradykinin
Tachykinins
Seratonin
AMP
Nonmediator (e.g., SO2)
Physical
Exercise
Cold air

Hyperventilation

Distilled water aerosol ("fog")
Hypertonic aerosols
"Inert" dusts

Inhaled allergens (IgE)
Ingested allergens (IgE)
Low molecular weight
  sensitizers

Nonsensitizers
ASA and NSAIDs
Food additives
  (metabisulphate)
Possibly some food 
  hypersensitivities

IgE: immunoglobulin E; AMP: adenosine monophosphate; ASA:
acetyl salicyclic acid; NSAIDs: nonsteroid anti-inflammatory
drugs.
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Airway responsiveness to indirect, nonselective stimuli
also improves with regular corticosteroid treatment [54,
101–108]. There are a few studies that critically address
corticosteroid responsiveness of indirect stimuli compared
to that of the direct stimuli; these studies suggest a similar
degree of improvement [54, 105–108].

ICS and airway response to allergens. The airway res-
ponse to allergen is much more complex than the response
to nonselective stimuli [109]. Allergen inhalation prov-
okes an early asthmatic response (EAR) that is maximal
10–30 min after exposure and resolves within 90–120
min. Following spontaneous resolution of the EAR, about
50% of subjects with positive allergen challenges develop
a late asthmatic response (LAR). The LAR is a recurrence
of airflow obstruction developing 3–4 and 8–12 h after the
allergen exposure. The late response is associated with
airway inflammation and increase in nonselective airway
responsiveness.

Much like the airway response to non-selective stimuli,
the EAR is not affected by a single dose of corticosteroid
[110–113]. By contrast, treatment with corticosteroids rang-
ing from 1 week to 2 months can result in a major inhi-
bition of the EAR [99, 112, 114–116]. This inhibition may
be partly the consequence of the improvement in airway
responsiveness. However, the inhibition of the EAR is
greater than the inhibition of airway responsiveness [99],
and is likely due to the anti-inflammatory effect, probably
the specific result of a reduced number of airway mast
cells.

By contrast the LAR can be inhibited by a single dose
of ICS administered either before the allergen challenge
[110, 111, 113, 117] or in the interval phase between the
EAR and LAR at 2 h after allergen challenge [118].

Laboratory models for relative potency of inhaled corti-
costeroids. There are few if any data available to assess
the role of bronchoprovocation with nonselective stimuli,
either direct or indirect, as a model for testing relative
potency of ICS. In one study, as yet published only as
an abstract, methacholine PC20, was a secondary end-
point (allergen being the primary endpoint); three differ-
ent doses of budesonide were effective at improving the
methacholine PC20 by almost a doubling concentration
after 6 days of treatment and, there was no trend for a dose-
response [119].

More investigators have recently attempted to utilize
allergen challenge as a model for testing relative potency
of ICS [120–122]. The first published paper was, unfortu-
nately, not randomized. Increasing doses of ICS were ad-
ministered at 1 week intervals in sequentially increasing
doses [120]. The resulting apparent increase in inhibition
of the allergen-induced EAR may well have related to the
increasing duration of treatment rather than to the increas-
ing doses administered.

Three other studies have been published, one using a 1
week treatment and examining the influence on the EAR
[119], and two using single doses and looking at the influ-
ence on the LAR [121, 122]. All three investigations
showed marked efficacy of the inhaled corticosteroid used
in these models but very little dose-response relationship,
suggesting that the dose-response had reached a plateau in
these subjects at low doses.

Conclusions. At present there are insufficient data availa-
ble to exclude the use of the bronchoprovocation labora-
tory in comparing relative potency of ICS. The limited
available data suggests that the beneficial effects of ICS
on airway responsiveness (either direct or indirect stimuli,
both sensitizing and nonsensitizing) tend to plateau at low
doses. This may be partly due to the use of a homogene-
ous and fairly mildly patient population. Further studies
may prove helpful. Such studies could use modifications
such as studying: different stimuli; a wider range of asth-
ma severity; a lower dose range of the inhaled corticosteroid;
shorter treatment periods; and longer treatment periods.

Steroid reduction model

In clinical practice, guidelines suggest that uncontrolled
asthma should be treated with appropriate doses of gluco-
corticoids to achieve the least symptoms, the least need
for β2-agonist and the best maximal expiratory flow rates
[3]. At the same time, an inhaled short acting β2-agonist is
used only when needed. Once the best results are ach-
ieved, the dose of corticosteroid is reduced to identify the
smallest that will maintain these. Therefore, it seems pos-
sible that the in vivo bioequivalence or relative potency of
ICS might be identified by comparing the dose required to
maintain the best results.

One study was successful in a large sample of 217 chil-
dren who required regular treatment with inhaled budeso-
nide from a pMDI and in whom the minimal effective
dose was known to be 800 or 400 µg·day-1 [123]. The chil-
dren entered a randomized double-blind parallel group
trial in which they received half the dose of budesonide
delivered by Turbuhaler (Astra) or fluticasone propionate
delivered by Diskhaler (Glaxo Wellcome). At intervals of
5 weeks, the dose was further reduced by 50% until dete-
rioration of asthma control was seen. The minimal effec-
tive dose was 188 µg for budesonide Turbuhaler and 180
µg for fluticasone Diskhaler, i.e., the two drugs inhaled
from the two delivery systems were equally effective.

In another unpublished study, 12 adults with asthma were
involved in a randomized, double-blind, crossover trial.
The subjects were considered to require 800 µg of inhaled
budesonide via Turbuhaler to control their asthma. The
dose of budesonide was reduced by 100 per week or 200
µg·week-1 until there was an exacerbation of asthma. The
exacerbation was then controlled by increasing the dose to
twice the starting dose for 2 weeks or longer until the as-
thma was controlled again and then reducing the dose to
the starting dose for 2 weeks before reducing the budeso-
nide in the alternative way. The outcomes were symptoms
score, need for β2-agonist, mean morning PEF in the last 5
days, FEV1, proportion of eosinophils in induced sputum,
peripheral blood absolute eosinophil count and serum
eosinophil cationic protein (ECP) level at clinic visits. The
study was unsuccessful but identified a number of issues
to be considered in future trials, including the confound-
ing influence of natural exacerbating factors such as
intercurrent exposure to inhaled allergens or respiratory
infections, whether to use a single or double blind scheme
for reduction of ICS, whether to use a parallel group or
crossover design, the amount of steroid dose to reduce on
each occasion and at what intervals, and the definition of
an exacerbation (table 6).
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Confounding factors. It is relatively easy to minimize the
influence of allergic factors by selecting subjects who will
not be exposed to allergen during the study. However, it is
more difficult to recognize respiratory infections, which
will increase symptoms and possibly decrease expiratory
flow rates and produce an exacerbation that is not neces-
sarily due to the reduction of steroid dose. The recognition
of possible infections is, thus, an important issue when
exacerbations occur. This can probably be achieved by
examination of induced sputum cell counts [64, 124, 125].
Exacerbations due to reduced steroid dose are associated
with an increase in the proportion of sputum eosinophils.
Infections are characterized by an increase in the total cell
number and differential cell count of neutrophils without
an increase in the proportion of eosinophils. Subjects with
such an exacerbation should be withdrawn from the study.

Study design. A single blind reduction of the dose of ster-
oid means that the patient and physician are expecting an
exacerbation. An increase in symptoms may then be eas-
ily misinterpreted. It is, therefore, important to make the
steroid reduction double-blind.

A crossover study has the advantage of needing few
subjects while a parallel group study has the disadvantage
of needing more. However, a crossover study has the dis-
advantage of being longer and of increasing the likelihood
of confounding factors and of reducing subject compli-
ance because of the long duration. A parallel group study,
is therefore, probably the preferred design. The sample
size probably does not need to be large, provided that the
various difficulties are considered, minimized and evalu-
ated when necessary.

The optimum method of reducing the dose of inhaled
steroid has not been established. At present, a common
method is to reduce the dose by half. The optimum inter-
vals between the reduction of each dose has also not been
determined. In the successful study of AGERTOFT and PEDERSEN

et al. [123], the dose was reduced every 5 weeks. In the
unsuccessful crossover study reported above, in which the
daily dose of budesonide Turbuhaler was either re-
duced by 100 or 200 µg·week-1, the exacerbating dose was
the same in both arms. This result suggests that the reduc-
tions in dose should be made at no less than every 3
weeks.

Definition of an exacerbation. The definition of the exac-
erbation must be planned carefully. It must not be so mild
as to be misinterpreted or so severe as to cause the sub-
jects too much discomfort. While symptoms are usually a
more sensitive indicator of an exacerbation, they are non-

specific [62, 126]. Objective criteria are required, such as
a fall in FEV1 >10%. It is advisable also to ensure that
there is an increase in induced sputum eosinophils associ-
ated with reduction of ICS to confirm that the inflammation
of the exacerbation is eosinophilic and not noneosinophilic
due to a confounding cause.

Conclusion. In conclusion, the steroid reduction model to
investigate bioequivalence or relative potency of inhaled
steroids can be successful, but is difficult. Determining the
optimum design requires further investigation.

Recommendations with regard to efficacy

There are five principal recommendations:
1) Further studies should be done to determine what is (or
are) the best method(s) to compare inhaled corticosteroid
(ICS) preparations.
2) When comparing the safety of ICS, the following fac-
tors should be taken into consideration: nature of the drug;
mode of administration; type and severity of asthma; con-
trol population; concomitant treatments; study design; and
the choice of parameters considered for comparison.
3) Bronchoprovocation may be useful to compare the rela-
tive potency of ICS, although their beneficial effects on
airway responsiveness tend to plateau at low doses. Fur-
ther studies are required and should consider: different
stimuli; a wider range of asthma severity; a lower dose
range of ICS; and shorter and longer treatment periods.
4) The steroid-withdrawal model is a possible method to
compare the relative potency or bioequivalence of ICS.
However, this type of study is demanding and the optimal
design requires further evaluation. A best test may be a
randomized placebo-controlled parallel group trial in which
the steroid dose is reduced (e.g. by 25–50%) in one group
at intervals of about 4 weeks. Two important considera-
tions are a predetermined definition of an exacerbation
and the recognition of confounding events such as respira-
tory infection or allergen exposure.
5) Clinical trials may allow significant differences bet-
ween two treatments to be determined if the sample size is
large enough when comparing the relative potency of ICS.
Subjects with mildly uncontrolled asthma (with induced
sputum eosinophilia?) who are preferably not on steroid
treatment should be selected. The outcomes should in-
clude physiological and HRQoL measures. Airway res-
ponsiveness to different bronchoconstricting agents may
be more sensitive than other physiological parameters but
this should be further assessed, particularly with AMP.
Effects on markers of inflammation such as induced spu-
tum or exhaled nitric oxide measurements should be
explored. The study design should be a randomized, dou-
ble-blind, graded doses trials (ideally covering a fourfold
range in dose), with ideally at least three doses of each
corticosteroid. Parallel-group are preferred over cross-over
trials, as they avoid the risk of carry-over effect.

Assessing systemic bioequivalence and relative safety

Regulatory decision-making requires a standardized
procedure for comparing the safety of new generic ICS
versus formulations previously approved for asthma treat-
ment.

Table 6.  –  Difficulties encountered with the steroid-red-
uction model

Confounding influence of natural exacerbating factors
Allergens
Respiratory infections

Related to the study design
Single or double blind scheme of reduction of ICS
Parallel group or crossover design
Amount of steroid dose to reduce on each visit
Intervals of reductions

Criteria defining an exacerbation
Based on symptoms and bronchodilator needs
Based on pulmonary function

ICS: inhaled corticosteroids.
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The systemic effects of ICS on the HPA axis and bone
turnover provide a clinically relevant pharmacodynamic
basis for making such comparisons. The graded dose as-
say model offers the most versatile system for generating
the required data.

Investigative approach

Objectives. The primary goal is to determine whether the
generic test drug (TD) is systemically equivalent to a ref-
erence standard drug (SD). This involves the calculation
of a relative potency for the two drugs, or alternatively a
response ratio, to quantify their respective activities.

Outcome. From these data a categorical decision is de-
rived, "approval" or "rejection", depending on whether the
confidence interval for a comparison of the mean res-
ponses to the two drugs satisfies established criteria.

Locale. Single or multicentre studies are feasible. The lat-
ter provide a basis for validating the estimates of bio-
equivalence obtained by different groups of investigators,
and thereby strengthen the regulatory decision.

Drugs. Graded doses of the TD (in this case, a generic
ICS) are compared in vivo with the same labelled doses of
an SD for which long-term safety data are available, e.g.
beclomethasone or budesonide.

The TD and SD must be the same qualitatively and
quantitatively (±5%) in terms of their active and inactive
ingredients including the propellant mix in the pMDI. The
delivery devices and their in vitro performance character-
istics must be the same or very similar in terms of factors
such as the particle size distribution and the velocity of the
aerosol plume emitted from the valve. Disparities in any
of these factors may bias the comparison by altering the
mean particle size, intrapulmonary drug delivery and/or
regional deposition of one of the drugs.

The inclusion of a "vehicle control" (placebo) provides
a measure of the intrinsic variability of the response index,
and confirms that the test doses were sufficiently large and
intrapulmonary delivery sufficiently efficient to evoke sys-
temic responses to each drug.

Test subjects. Healthy normal test subjects are preferred
over asthmatic patients for safety testing in order to obvi-
ate the potentially confounding effects of past or current

steroid therapy, and variability in the degree of airways
inflammation and obstructive impairment which could act
to reduce the power of the assay.

Milieu. After documenting normal values for the response
indices to be measured, and randomly assigning the test
subjects in balanced blocks to the proposed treatment
sequences (see table 7 for example), some experts advise
that the subjects be admitted to an investigative facility 48
h prior to starting the treatments. This is done to standard-
ize the hours of recumbency and sleep versus wakeful
activity for the group and stabilize their circadian HPA
axis rhythm for two nights prior to treatment, thus reduc-
ing the variance of the response index and maximizing the
statistical power of the assay.

Use of inhalation device. During the initial 48 h in the
investigative facility, each subject is trained in the proce-
dure appropriate for the particular inhalation device to be
used to deliver the ICS. It is essential to optimize and
standardize the inhalation technique for both drugs in
order to avoid potential bias due to differences in intrapul-
monary drug delivery.

Normally, inspiration is immediately followed by a
mouth wash and expectoration of any orally retained drug.
However, for the purposes of this type of safety study, the
mouth wash may be omitted at the discretion of the inves-
tigator so that the combined effects of gastrointestinal as
well as pulmonary absorption of the drugs may be ass-
essed.

Treatments. At least three dose levels of active drug are
administered in addition to a placebo. The dose levels are
selected with a view to achieving statistically significant
mean responses on the steep part of the curve. To ensure
this, a dose range of three or preferably fourfold is desira-
ble, embracing the upper limit of the range approved for
multiple dosing of the SD in clinical practice. The steeper
slope associated with the use of high doses increases the
statistical power of the assay [127]. This may be partly
offset by an accompanying increase in variance with the
larger response [127].

Since the drugs being compared share the same phar-
macokinetics and dynamics, single dosing may be used
rather than multiple dosing. With the exception of flutica-
sone, in which an exceptionally long receptor-ligand bind-
ing time and terminal plasma half-life after absorption is
coupled with very high lipophylicity [128, 129], most of
the effect of antiasthmatic ICS on the serum cortisol (SC)

Table 7.  –  A representative schedule for placebo (PL), two active drugs and three doses

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7
Cumulative time
in unit days

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Treatment schedule
A
B
C
D
E
F
G

↓
↓
↓
↓
↓
↓
↓

PL
SD3
SD2

SD1
TD3
TD2

TD1

↓
↓
↓
↓
↓
↓
↓

TD1
PL
SD3

SD2
SD1
TD3

TD2

↓
↓
↓
↓
↓
↓
↓

TD2
TD1
PL
SD3
SD2
SD1

TD3

↓
↓
↓
↓
↓
↓
↓

TD3
TD2
TD1

PL
SD3
SD2

SD1

↓
↓
↓
↓
↓
↓
↓

SD1
TD3
TD2

TD1
PL
SD3

SD2

↓
↓
↓
↓
↓
↓
↓

SD2
SD1
TD3

TD2
TD1
PL
SD2

↓
↓
↓
↓
↓
↓
↓

SD3
SD2
SD1

TD3
TD2
TD1

PL

There is a washout period between visits. A single dose is given at 22:00 h on the second day of the visit (↓), and specimens collected
through the next 24 h. TD1, TD2, TD3: test drug at low, intermediate and high dose, respectively; SD1, SD2, SD3: standard drug at low,
intermediate and high dose, respectively.
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concentrations expressed as area under the curve (AUC)
averaged over 24 h (SC0–24 AUC) is evident after the first
dose, and the variance of the SC0–24 AUC response to
most ICS (excluding fluticasone) is essentially the same
with single or multiple dosing (table 8) [130].

To maximize the effect of the ICS on HPA function, the
single dose is administered at 22:00 h. All doses should be
administered under the supervision of a trained techni-
cian.

Design. Attention is required to the principles that govern
the design, conduct and analysis of drug trials which have
as their primary objective, the assessment of between- drug
equivalency as opposed to differences [131–133].

Table 7 illustrates an example of a balanced cross-over
schedule of treatments with washouts between each dose.
In this model, every patient receives each drug-dose com-
bination once, each drug-dose combination is represented
at each visit, and the seven treatment sequences are bal-
anced throughout. The required duration of the washouts
may be calculated from published data for the plasma
half-life or half-time of the receptor-ligand complex of the
particular ICS being tested. The washout should be Š48 h
and long enough to ensure the plasma cortisol concentra-
tion at 08:00 h is within 100 nM of the baseline value
established for each test subject prior to starting the test
treatments.

Table 9 illustrates a cumulative dose-response model
that offers a more expeditious alternative to the classical
dose-response because the between-dose washouts are
omitted. Such a model might prove practicable in this con-
text, as it has in various clinical studies of ICS [29, 134,
135].

For multicentre studies, the treatments should be rand-
omized separately by site, with equal numbers of test sub-
jects at each site.

Response index. An index of HPA axis function and/or
bone turnover may be measured. Given past experience
with oral and systemic steroid therapy, the adverse effects
of ICS drugs on bone may eventually prove to be more

important clinically than their effects on the HPA axis
[136, 137]. Despite this, the HPA axis is currently pre-
ferred for safety studies of ICS because their effects on
HPA function are more fully documented than those on
bone.

HPA function may be assessed in terms of changes in
the serum cortisol level at 07:00–08:00 h, the 24 h urinary
free cortisol output, the short or 6 h, low or high dose tet-
racosactrin (ACTH) tests, responsiveness to hypoglycae-
mic, pyrogenic, vasopressin or metyrapone challenge, or
the SC0–24 AUC.

Recent experience indicates that the SC0–24 AUC is
equally or more precise and sensitive than the alternatives
[138–143]. The improved precision increases the power of
the assay, reduces the likelihood of underestimating the
systemic activity of the TD (a desirable feature for safety
studies) and reduces sample size requirements. Single dos-
es of about 1.0 mg of ICS show a mean co-efficient of var-
iation (CV) for SC0–24 AUC averaging about 20% (range
16–34%) (table 8) [130]. Since most of the overall effect
of a late evening dose of ICS on SC0–24 AUC is evident
within the first 12 h, it may prove practical to shorten the
collection period.

Published comparisons between different ICS drugs in
which SC0–24 AUC has been measured as the response
index [141, 142] coupled with published formulae for tri-
als designed specifically to assess therapeutic equivalence
[131, 144] provide a basis for estimating the sample size
needed for this particular application.

Laboratory analysis. To determine SC0–24 AUC, each
subject's individual serum samples, obtained every 2 h,
may be pooled for analysis or analysed separately. Statisti-
cal considerations favour separate analysis, but in practice,
the results have been found to correlate closely (r=0.97)
[142].

The drug response may be expressed in terms of geo-
metric or arithmetic means of the absolute values for cor-
tisol and the percentage difference between placebo and
active treatment values.

Statistical analysis. Analysis of variance (ANOVA) for re-
peated measures (e.g., Statistical Analysis System/Gen-
eral Linear Model; SAS Institute Inc., Cary, NC, USA)
[145] is used to evaluate the suitability of the data for the
parallel line method of estimating relative potency and to
provide the basic quantities used in computing the esti-
mate. Clear nonsignificance of the dose by drug interac-
tion (p>0.10) and a significant linear effect of dose with
no accompanying quadratic effect are essential requisites.

Table 8.  –  Coefficients of variation for serum cortisol con-
centrations averaged over 24 h (SCO–24 AUC)

Placebo Active drug
single dose

Active drug
multiple doses

Mean*
Range

20.2
17.2–27.3

22
16.4–33.8

21.5
12.4–28.7

The values are coefficients of variation (SD/mean) expressed as
percentages. *: averaged data for flunisolide, beclomethasone,
triamcinolone acetonide and budesonide (n=12). Unpublished
data, adapted with permission [130].

Table 9.  –  A representative schedule for a cumulative dose-response assay with placebo, two active drugs and three
doses and a randomized, balanced crossover design

Cumulative time in unit days
1 2 3 4 5 6 7 8 9 10

Treatment schedule
A
B

PL
PL

              ▼
TD1

SD1

TD2

SD2

            ▼
TD3

SD3

PL
PL

            ▼
SD1

TD1

             ▼
SD2

TD2

             ▼
SD3

TD3

Response measured
Placebo Active drug Placebo Active drug

A single dose of placebo (   ) or active drug (▼) is administered at 22:00 h. Specimens are collected over the next 24 h. A washout
period Š48 h is allowed between days 5 and 6 in the unit. For definitions see legend to table 7.

ý ý ý

ý
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Alternatively, the ratio of the mean responses to the two
drugs may be computed. The analysis is performed on the
natural logarithm of the response. Confidence limits for
the ratio may be constructed by setting confidence inter-
vals on the difference between the logarithms and invert-
ing these limits to the ratio scale. The results so obtained
are estimates of the ratio of geometric means.

The Food and Drug Administration (FDA) Division of
Bioequivalence in the Office of Generic Drugs favours the
use of response ratios to estimate bioequivalence rather
than standard methodology based on the null hypothesis
[14]. In practice, a recently published comparison bet-
ween different ICS found that the response ratio for geo-
metric means of SC0–24 AUC corresponded closely with
the relative potency derived from graded-response curves
in the same study [142].

Criterion for bioequivalence. The sensitivity of the assay,
the sample size required to ensure adequate precision for
the estimate of relative potency and the regulatory deci-
sion based on the estimate, all depend on the magnitude of
the difference between the drugs that is deemed to be
"clinically important".

A conventional criterion of 100±20% has been applied
in systemic bioequivalence assessments of nonsteroidal
drugs [14]. In the present context this would imply that, if
the TD and SD are compared at milligram equivalent
labelled doses and the systemic response to the TD proves,
for example, to be equivalent to that of a >20% larger dose
of the SD, the difference between their respective activi-
ties is "clinically important".

It is not possible to substantiate this assumption from
clinical data documenting the direct inhibitory effect of
glucocorticoids on the HPA axis because the most impor-
tant adverse outcome, stress-induced acute adrenocortical
insufficiency, is rare among steroid-dependent asthmatic
patients [146–148], and the risk of its occurrence is not
accurately predictable from measures of HPA function [136,
149–151]. Furthermore, such tests are unreliable as pre-
dictors of the occurrence of the severe asthma exacerba-
tions [29] or sudden death [152] that may complicate
attempts at withdrawal from long-standing oral steroid
usage under the aegis of inhaled steroid therapy [136].

On the other hand, steroid osteoporosis provides a suit-
able basis for validating the assumption, since this com-
plication is relatively common among steroid-dependent
asthmatic patients [153–156], potentially disabling, and
the associated risk of fracture is quantifiable in terms of
changes in bone density [157]. Thus, by relating the re-
gression of spinal bone density on the daily dose of ICS
as determined in beclomethasone and budesonide-treated
adults [158], to published estimates of the incremental
risk of fracture as a function of declining bone density
[157], it may be calculated that a 20% excess in the sys-
temic potency of the TD over the SD would be expected to
increase the lifetime risk of fracture associated with any
particular dose of ICS by about 20% [159]. Such an incre-
ment could reasonably be considered to signify a clini-
cally important increase in risk.

Use of a surrogate index. Because the relatively high pre-
cision attainable with SC0–24 AUC is well documented,
whereas similar data are sparse or lacking for the various
indices of bone turnover, SC0–24 AUC is preferred at this

time as a surrogate measure of risk. Its suitability for this
purpose is supported by the statistically significant asso-
ciation observed between the numbers of steroid-treated
asthmatic patients found to be at risk of fracture and the
degree of their steroid-induced suppression of cortisol pro-
duction [160]. However, SC0–24 AUC does not directly
reflect the osteoporotic process upon which the estimate
of clinically important risk is based, as discussed above.
Also, the capacity of serum cortisol measurements to ac-
curately predict serum osteocalcin production, each meas-
ured as the 24 h AUC, is not high (r=0.76, r2=0.58 [161]).
Therefore, it would ultimately be desirable to add or sub-
stitute a measure of bone turnover, provided one or other
of these can be shown to equal the sensitivity and preci-
sion attainable with SC0–24 AUC.

Regulatory interpretation. The process of deriving the
regulatory decision from the estimated 95% confidence
interval for the response ratio for TD/SD or their esti-
mated relative potency may be summarized as follows:
1) If both limits of the estimated confidence interval lie
within the interval 80–120% of the mean, the TD and SD
are deemed to be equivalent.
2) If both limits of the confidence interval lie either below
80% or above 120%, the TD and SD are deemed to be
nonequivalent. (See also Simultaneous or separate assess-
ment of safety and efficacy below).
3) If the confidence interval includes values both within
and outside the 80–120% interval, the assay is deemed to
be inconclusive. Further study may be recommended, par-
ticularly if the confidence interval is fairly wide and the
ratio actually estimated lies within the range 90–110%.

Practicability. The statistical power of the assessment sys-
tem proposed above is not known. It remains to be deter-
mined how well SC0–24 AUC can discriminate between
ICS formulations that differ in systemic activity by as lit-
tle as ±20%. This, and the sample sizes needed to accom-
plish this, need to be systematically defined by pilot
studies in order to confirm the practicability of the pro-
posed procedure.

A direct pharmacokinetic measurement of systemic
availability offers an alternative to the pharmacodynamic
approach outlined above. If greater precision could be ach-
ieved with the pharmacokinetic measure this could reduce
sample size requirements and operating costs. However,
the development of analytical methods for detecting vari-
ous exogenous corticosteroids has been difficult histori-
cally, and changes in SC0–24 AUC values may occur in
association with serum levels of the drug below the lower
limit of quantification. Additionally, pharmacokinetic and
pharmacodynamic parameters are equally vulnerable to
extraneous factors such as variability in intrapulmonary
delivery due to faulty inhalation technique with one or
other of the comparator drugs. And, finally, an opinion as
to the clinical relevance of such pharmacokinetic data is
ultimately dependent on supporting pharmacodynamic evi-
dence.

Simultaneous or separate assessment of safety and effi-
cacy. To maximize the statistical power of the comparison
and strengthen the regulatory decision, it is advisable to
assess safety and efficacy separately, using healthy and
asthmatic subjects, respectively.



COMPARATIVE ASSESSMENT OF SAFETY AND EFFICACY OF INHALED CORTICOSTEROIDS 1205

If the initial test in healthy subjects finds the TD and
SD to be systemically equivalent, their relative efficacies
must then be determined in patients. If the TD proves less
active systemically than the SD according to the criteria
outlined above under Regulatory interpretation, further
testing for relative efficacy may be considered. If, on the
other hand, the TD proves more active systemically than
the SD, further testing for relative efficacy is not indicated
(and is economically and ethically undesirable).

Ethical considerations. The choice of SC0–24 AUC
rather than ACTH responsiveness as the favoured res-
ponse index (see Response index section, above) circum-
vents the ethical and legal liability concerns associated
with the anaphylactogenic potential of repeated ACTH
injections. These preclude its use in some jurisdictions.

The brief duration of the systemic effect of single doses
of the drugs, coupled with the domiciliary observation of
each test subject throughout the period of active treatment,
conform with current standards for the ethical conduct of
health sciences research involving human subjects. Safety
standards based on adult data may reasonably be applied
to children as well, since children metabolize glucocorti-
coids more rapidly than adults [162, 163].

Summary. A process has been described for comparing
the systemic activities of generic versus standard formula-
tions of anti-asthmatic inhaled steroid, for regulatory pur-
poses. A pharmacodynamic approach is favoured over a
direct pharmacokinetic measurement of systemic availa-
bility.

Pilot studies would be needed to document: 1) the cap-
acity of this procedure to discriminate between form-
ulations that differ in systemic potency to a small but
potentially clinically important degree; and 2) the repro-
ducibility of such estimates of systemic bioequivalence
within and between investigative centres.

Additionally, methodological studies are advisable to
determine whether laboratory measures of bone turnover
such as serum osteocalcin or the urinary output of cross-
linked N telopeptides can be refined to achieve levels of
precision comparable to those attainable with SC0–24
AUC, and whether the former might be substituted for
SC0–24 AUC to provide an equally efficient but more cli-
nically valid estimate of the safety of different formula-
tions of ICS.

Finally, the general principles of this approach to com-
paring generic versus standard formulations of ICS would
appear equally applicable to comparisons between differ-
ent ICS drugs, delivery devices and/or propellant systems.

Appendix

In contrast to the within-drug comparisons discussed
above, comparisons between pharmacokinetically dissim-
ilar ICS drugs need to be based on multiple dosing to
steady state. The duration of treatment is conventionally
Š4 times the terminal plasma half-life of the most slowly
metabolized of the drugs [164]. Three day treatment peri-
ods have been used for comparing fluticasone (half-life =
14.4 h) with other ICS in terms of their effects on SC0–24
AUCs [130, 142]. The variance of the SC0–24 AUC
response to fluticasone at steady state may be considera-

bly larger than with single dosing [130]. This and its
implications with respect to sample size requirements need
to be taken into consideration when comparing the sys-
temic activity of fluticasone with other ICS.
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