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ABSTRACT: At the present time, emphasis is placed on viewing asthma as a man-
ifestation of chronic airway inflammation, possibly secondary to allergen hyper-
sensitivity. Consequently, one aspect of management is to institute measures of
environmental control to minimize the inflammatory response related to allergen
stimulation, and to administer anti-inflammatory therapy to resolve inflammation
and prevent progression of disease.

Most patients respond very favourably to conventional therapy, as recommended
in recent guidelines for asthma management. Some cases, however, remain very
difficult to control despite high-dose inhaled glucocorticoids, even combined with
oral glucocorticoid therapy. Management of these patients raises questions about
the conditions that alter response to glucocorticoid therapy.

The patient with difficult to control asthma not only presents a challenge to clin-
ical management but raises new questions concerning our ability to control the
progression of disease. Is difficult to control asthma secondary to overwhelming
or ongoing allergen exposure? Do anti-inflammatory medications, specifically inhaled
glucocorticoids, really control the progression of the disease? Are these patients
destined to become severe asthmatics at birth due to the inherent characteristics
of their airways, or is this indeed a consequence of progressive inflammation?

This review will summarize present concepts of glucocorticoid-resistant asthma,
current knowledge of the mechanisms of persistent inflammation, and the impli-
cations for management. The gaps in information will also be addressed in order
to stimulate interest in further research that could lead to better understanding
of the disease and potential windows for therapeutic intervention.
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Clinical presentation of glucocorticoid-resistant
asthma

The condition of the majority of patients with asthma
falls into the category of episodic, mild persistent, or
moderate persistent as recently defined in the Global
Initiative for Asthma [1]. Patients with severe persis-
tent or "difficult to control" asthma are a small propor-
tion of those individuals with asthma. However, they are
clearly the most challenging for management, account
for the majority of health care costs related to asthma
management, and most importantly, are the patients who
appear to be at high risk for asthma mortality. Asthma,
therefore, appears to be a spectrum varying from a very
mild, episodic, subclinical disease to one that is appar-
ently "glucocorticoid (steroid) resistant (SR)", but re-
mains responsive to bronchodilator therapy. Although
not clearly documented, it appears that some patients in
the difficult to control category go on to develop severe
obstructive pulmonary disease, that is poorly reversible
even with bronchodilator therapy.

Patients who are "glucocorticoid-resistant" have some
or all of the following complicating features: exercise-
induced asthma; spontaneous severe, life-threatening
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exacerbations; frequent nocturnal exacerbations; and
other concomitant medical disorders, such as sinusitis
and gastro-oesophageal reflux. Although there is no sin-
gle clinical definition of glucocorticoid-resistant asth-
ma, patients are usually recognized by their difficulty
in clinical management, frequent breakthrough symp-
toms, compromised quality of life, or near death episodes.
Most of these patients also demonstrate significant ad-
verse glucocorticoid effects secondary to high-dose and
prolonged courses of treatment. Interestingly, some of
these patients remain refractory to adverse glucocor-
ticoid effects [2]. This observation raises questions re-
garding a localized versus a systemic refractoriness to
glucocorticoids. Perhaps the former may be acquired,
whilst the latter is a primary genetic defect in gluco-
corticoid response.

Certain conditions can interfere with the appropriate
diagnosis and management of asthma. Conditions such
as other respiratory disorders, environmental control,
poor compliance, and inadequate therapy can be addres-
sed by a careful medical evaluation and reorganization
of the management plan (table 1). Patients who fail to
respond prompt a more detailed evaluation and innov-
ative approaches to treatment. These patients are referred
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Table 1. — Potential mechanisms for poor response to
glucocorticoid therapy

Other respiratory disorder
Overwhelming allergen exposure
Irreversible airways hyperresponsiveness
Poor adherence to prescribed therapy
Inadequate dose of anti-inflammatory medication
Glucocorticoid pharmacokinetics
Rapid elimination
Poor distribution to site of action
Incomplete absorption of oral glucocorticoid
Immunological mechanisms contributing to persistent airway
inflammation
Glucocorticoid desensitization
Abnormal glucocorticoid receptor or postreceptor phenomenon

to as "difficult to control” if they require high-dose in-
haled and oral glucocorticoid therapy, >20 mg every
second day or 10 mg-day-! oral prednisone, or "glucocor-
ticoid-resistant" if they appear refractory to higher doses
of oral glucocorticoid therapy.

Our operational definition for this group of patients,
termed "glucocorticoid-resistant," includes those patients
who have a prebronchodilator morning forced expira-
tory volume in one second (FEV1) <70% of predicted,
and who fail to increase this pre-bronchodilator morn-
ing FEV1 measurement by 15% after at least 1 week of
an oral glucocorticoid course consisting of prednisone
40 mg-day-!. They must also demonstrate a 15% improve-
ment in FEV1 following a rapidly-acting bronchodilator
treatment. Other investigators differ in their operational
definition for glucocorticoid-resistant asthma. For exam-
ple, some will begin with a course of prednisolone, 20
mg-day! for 1 week, and then increase it to 40 mg-day-!
for a second week, before declaring the patient gluco-
corticoid-resistant [3]. Patients with "difficult to control"
asthma are not necessarily "glucocorticoid-resistant.” A
proportion of patients who are identified as glucocorti-
coid-resistant will improve their clinical response if ag-
gressive therapy is extended beyond 2 weeks, but this
course of treatment places the patient at risk for sig-
nificant adverse effects commonly associated with glu-
cocorticoid therapy.

Persistent immune activation as a component of
glucocorticoid-resistant asthma

ScHwARTZ et al. [4] first reported the observation of ap-
parent glucocorticoid resistance in asthma management.
They recognized a reduced eosinopenic response and
accelerated plasma cortisol clearance in glucocorticoid-
resistant asthmatic patients as compared to a control pop-
ulation. The initial observation of a reduced eosinopenic
response to glucocorticoids has not been evaluated in an
expanded population of glucocorticoid-resistant patients
since they are routinely managed with high-dose oral
glucocorticoid therapy. Patients receiving high-dose oral
glucocorticoids usually have suppressed morning plas-
ma cortisol concentrations. Some of these patients, how-
ever, retain low or, more rarely, normal morning plasma
cortisol concentrations despite daily oral glucocorticoid
therapy [2]. Compliance must certainly be verified in
this group of patients before embarking on a course of
intricate laboratory investigation.

Glucocorticoid pharmacokinetics

If a patient fails to respond or is unable to tolerate glu-
cocorticoid doses lower than 20 mg every second day
with either prednisone or methylprednisolone, we usu-
ally evaluate glucocorticoid pharmacokinetics. The pur-
pose of this evaluation is to determine whether there is
incomplete glucocorticoid absorption, failure to convert
an inactive form (prednisone) to an active form (pred-
nisolone), or rapid elimination. The evaluation is parti-
cularly important in a patient who fails to demonstrate
the anticipated adverse effects [5]. Measurements of plas-
ma glucocorticoid concentrations can also be used in an
assessment of compliance. Although the majority of pa-
tients have normal absorption, conversion to the active
form, and elimination, a proportion of these patients have
pharmacokinetic abnormalities [6, 7]. The most frequ-
ent finding is rapid elimination, usually secondary to a
drug-drug interaction, particularly the concomitant use
of anticonvulsants, such as phenytoin sodium, carbama-
zepine or phenobarbitone. Occasional patients may show
poor absorption and, interestingly, substitution with an
alternative glucocorticoid will show improved response [5].

Analysis of peripheral blood mononuclear cells

Our own studies have confirmed that glucocorticoid
resistant asthmatics have a glucocorticoid dose response
curve shifted to the right using a functional measure of
glucocorticoid-response, specifically phytohaemaggluti-
nin-induced inhibition of peripheral blood mononuclear
cell (PBMC) proliferation [8]. Other investigators have
identified a similar alteration in the dose-response curve
to a topical glucocorticoid with a skin blanching tech-
nique [9]. This prompted investigation of glucocorticoid
receptor-binding in these patients.

The importance of the glucocorticoid receptor (GCR)
in determining clinical responsiveness to glucocorticoids
was reported previously as primary cortisol resistance
in association with an endocrine abnormality [10]. These
patients presented with elevated total plasma cortisol
concentrations, but no cushingoid features. The molec-
ular basis for glucocorticoid resistance was eventually
attributed to reduced GCR numbers, decreased ligand-
binding affinity for glucocorticoids, or overexpression of
a mutated GCR [11]. The latter phenomenon results in
a GCR which binds the ligand with a much lower af-
finity than the wild type, leading to reduced expression
of a glucocorticoid-responsive reporter gene (MMTV-
LTR CAT). As such, we felt it was important to deter-
mine whether the poor glucocorticoid responses in SR
asthma resulted from an alteration in GCR number or
binding affinity.

In this regard, we have identified several GCR abnor-
malities associated with SR asthma [2]. In one study, a
[*H]-dexamethasone radioligand-binding assay and Scat-
chard analysis was used to evaluate PBMCs from 17
patients with SR asthma: 15 of the asthmatics had a sig-
nificant increase in their GCR dissociation constant (Kd),
i.e. a decrease in binding affinity for glucocorticoids as
compared to normal subjects or SR asthmatics. This
defect, attributed to reduced GCR binding affinity, was
designated as Type I SR asthma. Two other patients
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with SR asthma had normal GCR Kd values but a sig-
nificantly decreased number of GCR binding sites per
cell. The latter defect was designated as Type II SR
asthma.

Next, it was of interest to determine whether the alter-
ed GCR binding parameters were restricted to specific
subsets of PBMCs. Therefore, GCR binding parameters
in their T-cell versus non-T-cell subpopulations were
evaluated. A fourfold increase in T-cell, as compared
to non-T-cell, GCR Kd was observed in PBMCs from
Type I SR asthmatics [2]. The T-cells from Type I SR
asthmatics also had a significantly higher GCR Kd than
T-cells from normal controls. Alternatively, the abnor-
mally low GCR number observed in Type II SR asth-
ma was present both in T-cells and non-T-cells.

SR asthmatics frequently have a history of long-term
glucocorticoid therapy. Thus, concern has been raised
that the abnormal GCR binding observed in SR asthma
may be a result of systemic glucocorticoid therapy. Sev-
eral observations suggest that this is not the case. Firstly,
a number of patients presenting with Type I (decreased
GCR binding affinity) SR asthma have not previously
received oral prednisone [2]. Secondly, in a group of
SR asthmatics not receiving oral prednisone therapy, no
significant change in GCR binding parameters was ob-
served following a 1 week course of high-dose predni-
sone [2]. Thirdly, the same level of abnormal GCR binding
affinity as found in SR asthmatics was not observed in
patients with interstitial lung disease, receiving chronic
high-dose prednisone therapy [2]. Fourth, at least one
study reported that glucocorticoid treatment induces a
modest downregulation of GCR number, which is dif-
ferent from the observed GCR abnormality in Type I
SR asthma [12]. Finally, we examined GCR binding
affinity in 10 patients with poorly controlled asthma
prior to and after a course of high-dose prednisone ther-
apy. These patients demonstrated decreased GCR bind-
ing affinity at baseline. Subsequently, after prednisone
treatment, the presumed reduction in airway inflamma-
tion was associated with a significant decrease in GCR
Kd toward normal values [13].

Evidence, so far, suggests there is only one human
GCR gene, which exists as a single copy [14]. We have
observed that patients with Type I SR asthma often have
severe side-effects from chronic treatment with systemic
glucocorticoids, and that their GCR defect is restricted
to T-cells. These observations suggest that Type I SR
asthma is acquired. Since Type II SR asthma does not
appear to be associated with the development of glu-
cocorticoid-induced side-effects and is not limited to T-
cells, we feel this defect may be analogous to patients
with primary cortisol resistance and would, therefore,
be expected to be an irreversible GCR defect. The lat-
ter group of patients requires further investigation in
order to resolve the mechanism of their abnormality.

To determine whether the reduced GCR binding affin-
ity in PBMCs from Type I SR asthmatics was reversible,
GCR binding was measured in PBMCs prior to and fol-
lowing incubation for 48 h in culture medium. When
PBMCs from these patients were incubated in medi-
um they showed a significant increase in GCR binding,
with normalization of GCR Kd after 48 h of incubation
[2]. Incubation of PBMCs from normal donors under
similar culture conditions, however, did not result in

any significant change in GCR-binding. We, therefore,
concluded that the decreased GCR-binding affinity found
in T-cells from patients with Type I SR asthma is an ac-
quired defect. This is in agreement with the observations
of other investigators [15], that there is no polymorph-
ism within the functional domains of GCR complemen-
tary deoxyribonucleic acid (cDNA) in patients with SR
asthma.

It is our impression that abnormalities in GCR bind-
ing do not appear to be the sole reason for difficult to
control asthma, but these abnormalities in binding do
seem to indicate that response to glucocorticoid therapy
is affected by inflammation, and these patients appear
to have persistent inflammation. Information is needed
on mechanisms for persistent inflammation and the ac-
tual concentrations of glucocorticoid present at rele-
vant sites of inflammation.

Molecular mechanisms for glucocorticoid
resistance

The mechanisms by which cytokines, specifically the
combination of interleukin (IL)-2 and IL-4, result in de-
creased glucocorticoid responsiveness in asthma are not
defined. One possible insight is that the GCR ligand-
binding abnormality in Type I SR asthmatics is loca-
lized to the nuclear GCR, but not cytosolic GCR [2,
16]. The GCR is known to change its structure and con-
formation when translocated between the cytosol and
nucleus [17]. The activated GCR nuclear complex reg-
ulates transcription when it binds to specific DNA glu-
cocorticoid response elements (GREs). The induction or
repression of the GCR target genes then results in the
altered expression of glucocorticoid regulated proteins
[18]. This step is mediated by direct binding of the mod-
ulatory domain of the GCR with transcription factors,
for example activating protein-1 (AP-1) or nuclear fac-
tor-k B (NF-kB). Overexpression of AP-1 or NF-kB, how-
ever, in-terferes with GCR function as a result of direct
protein-protein interactions between these transcription
factors and the GCR [19, 20]. Since SR asthma is asso-
ciated with higher levels of cytokine activation than those
observed in patients with glucocorticoid (steroid) sensi-
tive (SS) asthma, the activation of specific transcription
factors, such as AP-1 or NF-kB, may be an explanation
for the nuclear localization of the GCR-binding defect
in SR asthma and differences in patterns of glucocorti-
coid responsiveness in asthma.

These observations have suggested the possibility that,
in addition to decreased GCR ligand-binding, PBMCs
from patients with SR asthma may also have decreased
binding of their GCR to DNA GREs. Recently, Apcock
et al. [20] employed electrophoretic mobility shift assays
to evaluate binding of nuclear translocated GCR from
PBMC:s of SR and SS asthmatics to GRE DNA binding
sites. Dexamethasone induced a twofold increase in GRE
binding in PBMCs from SS asthmatics and nonatopic
controls, but this was markedly reduced in SR asthma-
tics. Analysis of GCR-GRE binding showed no change
in binding affinity but did show a reduced number of
GCRs available for DNA binding. These results suggest
that GCR binding to GRE was impaired in monocytes
from SR asthmatics. We have also found that peripheral
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blood lymphocytes from patients with SR asthma can
have GRE DNA binding abnormalities [21]. Thus, there
may be considerable heterogeneity in the GCR defects
which result in impaired glucocorticoid responsiveness
in SR asthma. Another explanation that deserves fur-
ther investigation is the potential induction of GCRp, a
result of alternative splicing of the GCR pre-messenger
ribonucleic acid (mRNA), which acts as an endogenous
inhibitor of GCR DNA binding [22].

Since our experience has indicated that the majority of
patients with SR asthma have an acquired form of gluco-
corticoid resistance induced by inflammation or immune
activation, we were interested in determining whether
factors, such as allergen exposure, known to contribute
to poorly controlled asthma, would have an effect on
GCR binding affinity. In support of this concept of glu-
cocorticoid resistance induced by inflammation, LANE
et al. [23] recently reported that patients with gluco-
corticoid-resistant asthma do not have an altered secre-
tory rate of endogenous cortisol or an altered sensitivity
of the hypothalamic-pituitary-adrenal axis to dexame-
thasone suppression. As a result, we recently examined
whether exposure to allergens alter GCR binding affin-
ity in PBMCs from atopic asthmatics [24]. PBMC GCR
Kd values from 12 ragweed-sensitive asthmatics were
measured prior to, during the peak of, and after the rag-
weed season. A significant reduction in the GCR bind-
ing affinity was noted during the ragweed pollen season,
as compared to that obtained prior to and after the rag-
weed season.

In vitro effects of allergen treatment on GCR Kd were
also examined with PBMCs from atopic asthmatics by
incubating their cells for 48 h using ragweed or cat aller-
gen. GCR binding affinity was significantly reduced
after a 48 hour incubation with ragweed or cat allergen,
as compared to the respective baseline measurement.
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These effects were considered to be allergen-specific
because Candida albicans had no such effect on GCR
Kd. These observed allergen-induced reductions in GCR
binding affinity also resulted in significantly reduced
inhibitory effects to dexamethasone and hydrocortisone
on T-cells from atopic asthmatics. Overall, these obser-
vations suggest that allergen exposure is likely to con-
tribute to poor asthma control by reducing GCR binding
affinity in T-lymphocytes. Further studies are needed to
identify other mechanisms by which allergens result in
altered glucocorticoid responses, as well as other trig-
gers, such as infectious agents, which may contribute to
this process.

Airways inflammation

This area of investigation in glucocorticoid-resistant
asthma has undergone limited evaluation. It is particu-
larly important to conduct investigations on the effects
of glucocorticoids on the airway cells in patients with
SR asthma. In this regard, we recently examined cytokine
gene expression of bronchoalveolar lavage (BAL) cells
from SS and SR asthmatics, before and after a 1 week
course of oral prednisone, 40 mg-day-! [25]. Prior to
prednisone therapy, BAL cells from patients with SR,
as compared to SS, asthma had significantly higher num-
bers of cells expressing mRNA for IL-2 and IL-4 (fig.
1). There was no significant difference between these
two patient populations in their expression of IL-5 mRNA
and interferon-y (IFN-y) mRNA prior to prednisone ther-
apy. Following the course of prednisone therapy, BAL
cells from SS asthmatics demonstrated a significant de-
crease in the number of cells expressing mRNA for IL-
4 and IL-5. Prednisone therapy in patients with SR
asthma did not alter the expression of IL-4 or IL-5
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Fig. 1. — Number of cells with positive hybridization signals for: a) interleukin-2 (IL-2) mRNA; and b) interleukin-4 (IL-4) mRNA in bron-
choalveolar (BAL) fluid from six glucocorticoid (steroid) sensitive (SS) asthmatics and six glucocorticoid (steroid) resistant (SR) asthmatics
obtained prior to and after treatment for 1 week with prednisone 40 mg-day-!. Prior to prednisone therapy, there were significantly more cells
expressing IL-2 (p<0.01) and IL-4 (p<0.05) mRNA in the BAL fluid of patients with SR asthma as compared to SS asthma. mRNA: messenger

ribonucleic acid. (Reproduced with permission from [25]).
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mRNA in their airways. In addition, small reductions in
the numbers of BAL cells per 1,000 positive for IL-2
mRNA accompanied prednisone therapy in each pati-
ent group, however, these differences were not signifi-
cant.

Prednisone treatment of SS asthmatics resulted in a sig-
nificant increase in the number of BAL cells expressing
IFN-y mRNA [11]. When SR asthmatics were treated
with prednisone, however, their BAL cells demonstrat-
ed a decrease in IFN-y mRNA+ cells. These divergent
responses in IFN-y gene expression following predni-
sone treatment resulted in a highly significant difference
between the SR versus SS asthmatic groups. Therefore,
the airway cells from the patients with SR asthma, as
compared to those with SS asthma, show different pat-
terns of cytokine gene expression, and show distinct
responses to glucocorticoid therapy on cytokine gene
expression in specific cells or on overall cell migration.
It is possible that these varying cell patterns of cytokine
gene expression contribute to the pathogenesis of asth-
ma.

Approach to management

Some patients with apparent glucocorticoid-resistant
asthma are inadequately managed due to their own non-
compliance with recommended treatment or inadequate
attention to environmental control measures and aggres-
sive anti-inflammatory therapy. The general principles
of management for these patients are summarized in
table 2, and include the following:

1. Obtain careful history regarding relevant features of
severe asthma and concomitant medical disorders, e.g.
sinusitis and gastro-oesophageal reflux.

2. Assure appropriate environmental control, including
school and work. Focus on areas where the patient spends
the greatest time, e.g. the bedroom, or areas of high
allergen exposure.

3. Incorporate objective measures, i.e. spirometry on

Table 2. — Approach to the management of glucocor-
ticoid-resistant asthma

Examine for concomitant medical disorders, e.g. sinusitis and
gastro-oesophageal reflux
Environmental control
Monitor pulmonary function
Written action plan
Review medication technique
Control nocturnal exacerbations
Salmeterol
Theophylline
High-dose inhaled glucocorticoid therapy
New inhaled glucocorticoids
Budesonide
Fluticasone
Oral glucocorticoid therapy
Evaluate glucocorticoid pharmacokinetics and receptors
Methylprednisolone
Split-dosing regimen
15.00 h dosing
Monitor for adverse effects
Cyclosporin
Methotrexate
Gold
Intravenous gammaglobulin

office visits and routine peak flow monitoring. Peak flow
measurements can be particularly useful in identifying
diurnal variations in pulmonary function and assessing
the response to therapeutic intervention and adjustments
of medication. For children, a lung growth chart may be
useful in following the course of treatment.

4. Develop a written action plan for acute exacerba-
tions. Emphasis should be placed on appropriate use of
bronchodilators and when to notify the physician. A
written care plan should also be developed to summa-
rize routine medications, including recommendations for
pretreatment programmes for exercise, and anticipated
exposure to irritants or allergens. If a patient has diffi-
culty in following the recommendations or appears to be
intentionally noncompliant, a psychological evaluation
could be helpful in identifying psychosocial features that
interfere with adherence to the treatment regimen, for
example, family dysfunction, learning disorders, depres-
sion, anxiety, etc.

5. Monitor the technique of administration of medica-
tion, incorporating this as a routine part of the physical
examination. Utilize spacer devices to optimize deliv-
ery of medication. For inhaled glucocorticoids, advise
mouth rinsing and expectoration of mouth rinse to min-
imize systemic glucocorticoid absorption. Explore the
use of various delivery devices as they become avail-
able, e.g. dry powder breath-actuated systems.

6. Maximize anti-inflammatory therapy and reserve bron-
chodilator therapy for rescue treatment and nocturnal ex-
acerbations. Salmeterol and theophylline can be very useful
in controlling nocturnal asthma. Apply chronopharma-
cological principles to optimize response to theophylline,
for example patients with nocturnal exacerbations may
do much better with a single dose of a once daily sus-
tained release preparation administered in the evening,
as compared to a standard twice daily preparation [26,
27]. Children and rapid theophylline metabolizers appear
to be prone to reduction in serum theophylline concen-
trations during the night [28]. This is likely to be relat-
ed to the imbalance of rapid elimination and slow
absorption (secondary to posture effects on absorption).
We occasionally incorporate evaluations of 24 h mon-
itoring to assist in developing an individualized treat-
ment schedule [28].

7. To maximize pulmonary function with oral glucocor-
ticoids, consider a split-dosing regimen, with the second
dose administered in the afternoon. Titrate the morning
dose, then convert the afternoon dose to the morning
dose, and then attempt to reduce to alternate day ther-
apy. Whilst several single dose studies have indicated
that maximum response to systemic glucocorticoid the-
rapy occurs when the dose is administered in the after-
noon, there are no multiple dose, long-term studies to
verify efficacy and safety as compared to standard treat-
ment protocols [29].

If a patient fails to respond or is unable to tolerate glu-
cocorticoid doses lower than 20 mg every other day with
either prednisone or methylprednisolone, we evaluate
glucocorticoid pharmacokinetics and glucocorticoid rec-
eptors. The purpose of these studies is to determine whether
there is incomplete glucocorticoid absorption, failure to
convert to an active form, rapid elimination, reduced
GCR number or binding affinity, or a combination of
abnormalities. This evaluation is particularly important
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in a patient who fails to demonstrate the anticipated
adverse effects of long-term, high-dose glucocorticoid
therapy [2, 5]. Measurements of plasma glucocorticoid
concentrations can also be used in an assessment of com-
pliance. We are also beginning to incorporate markers of
inflammation, for example, plasma eosinophilic cationic
protein (ECP) and serum soluble interleukin-2 receptors
(sIL-2), to examine response to medication. This is most
useful before and after a 1-2 week course of oral glu-
cocorticoid therapy. Failure to respond provides a strong
base for incorporating alternative therapies. We are be-
ginning to obtain experience with measurements of exhal-
ed nitric oxide as a measure of inflammation and response
to therapeutic intervention [30].

8. Patients must be monitored carefully for adverse
effects related to glucocorticoid therapy and measures
taken to minimize such effects. For example, glucocor-
ticoid-induced osteoporosis can be monitored with bone
densitometry. Attention should be given to providing
adequate dietary calcium and vitamin D, as well as other
therapeutic interventions, as indicated. Based on the
level of severity, we incorporate specialists in bone meta-
bolism to assist in managing this potentially devastat-
ing adverse effect.

Alternative treatment options are a source of concern
for patients with glucocorticoid-resistant asthma. Limit-
ed information from in vitro studies suggests that cy-
closporin could be a useful agent in the management of
these patients [31]. At the present time, no specific study
focusing on patients with glucocorticoid-resistant asthma
is available. Before attempting treatment with cyclospo-
rin, several therapeutic options should be considered.

An obvious approach to the management of severe
asthma is to increase the dose and frequency of inhaled
glucocorticoids, presuming that higher doses would be
more effective and also that adverse effects would be
less than those commonly associated with high-dose sys-
temic glucocorticoid therapy. Unfortunately, there is very
little information on the safety and efficacy of inhaled
glucocorticoids at doses exceeding those recommend-
ed in the product literature. A dose-response study con-
ducted with budesonide provides some insight into this
question. The results of this study indicate that, in chil-
dren with moderate-to-severe asthma, doses less than
400 pg-day-! are sufficient to maximize pulmonary func-
tion, however, higher doses given over extended peri-
ods of time may be needed to alleviate other symptoms,
such as exercise-induced asthma [32]. Information is
needed on the comparative efficacy and safety of the
various inhaled glucocorticoids with relevant clini-
cal parameters, and the long-term safety of inhaled glu-
cocorticoids, especially at higher than recommended
doses.

Two new inhaled glucocorticoids, budesonide and flu-
ticasone, are likely to be approved for use in the United
States within the next year. Both are characterized by
high topical potency, rapid clearance once absorbed, low
oral bioavailability, high affinity to the glucocorticoid
receptor, and relatively inactive metabolites. The most
detailed information on inhaled glucocorticoid pharma-
cokinetics is available for budesonide and fluticasone
[33]. At the present time, budesonide may have an ad-
ditional benefit with the availability of a dry powder,
breath-actuated delivery device (Turbuhaler; Astra, Lund,

Sweden). This improves pulmonary deposition and,
consequently, may be responsible for the oral gluco-
corticoid-sparing effect observed with this medication.
Fluticasone also has very high affinity to the glucocor-
ticoid receptor, and this may explain its benefit in con-
tributing to a significant oral glucocorticoid reduction
in patients with severe asthma [34]. Because of the high
GCR binding with fluticasone propionate, further stud-
ies are needed on risks for systemic adverse effects,
especially at high doses, e.g. doses exceeding 2,000
pg-day-l.

It is important to compare all available inhaled glu-
cocorticoids and all new forms under a standard set of
conditions, in order to fully quantitate relative systemic
availability and risk for systemic effects. One study sug-
gests that the three inhaled glucocorticoids available in
the United States, beclomethasone dipropionate, triam-
cinolone acetonide and flunisolide, are equal in efficacy
and systemic adverse effects when compared on a dose
per dose basis [35]. Therefore, this study concludes that
the relative potency per inhalation is approximately pro-
portional to the dose delivered.

For now, it appears that all currently available inhaled
glucocorticoids in the United States are similarly effec-
tive at low doses [36]. Whether or not they differ in
safety and efficacy at higher doses in more severe asth-
matics is unknown. The most detailed studies in patients
with severe asthma have been reported for budesonide
and fluticasone. Both are effective in reducing oral pred-
nisone requirements [34, 37]. Further studies must com-
pare the relative efficacy and toxicity in patients with
glucocorticoid resistant asthma.

Equally important is the effect of new delivery devices
on pulmonary deposition as well as systemic absorption
of inhaled glucocorticoids. The studies available sug-
gest that pulmonary deposition is increased approxi-
mately twofold with the new dry powder breath-actuated
delivery devices, such as the Turbuhaler. While this in-
creases clinical efficacy, it also increases the amount of
drug absorbed per actuation [38, 39]. These studies indi-
cate that different dosing strategies, based on the type
of glucocorticoid and the type of delivery device, will
be necessary to optimize clinical efficacy and minimize
the risk of adverse effects.

Alternative anti-inflammatory and immunomodulator
approaches, such as methotrexate, gold, cyclosporin, and
intravenous gammaglobulin, have been poorly studied
in difficult to control asthma and there are no studies in
patients with glucocorticoid resistant asthma. The stud-
ies available have failed to demonstrate resolution of
inflammation [40, 41]. Most of these medications have
been identified by chance or extrapolated for use in asth-
ma based on efficacy in other inflammation-based dis-
eases, such as rheumatoid arthritis. Of interest is the
fact that none of these medications have incorporated a
study with bronchial biopsy and BAL to verify resolu-
tion of inflammation. In studies where an indirect mea-
sure of inflammation, i.e. airways hyperresponsiveness,
was measured, no change was observed (methotrexate,
intravenous gammaglobulin). An organized programme
with carefully designed protocols and larger numbers of
patients is obviously needed to pursue these preliminary
observations and to identify a hierarchy for selection of
medication in patients with severe asthma.
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Several new classes of medication are presently under-
going clinical evaluation and could be available within
the next 2 yrs. These include the 5-lipoxygenase in-
hibitors and leukotriene (LT) antagonists. Peptidoleuko-
trienes are associated with a number of features rele-
vant to the pathogenesis of asthma, including increased
mucus secretion, increased vascular permeability, and
smooth muscle contraction. The enzyme pathway for
leukotriene synthesis can be effectively inhibited by
zilueton, a 5-lipoxygenase inhibitor, that reduces the
synthesis of LTC,, LTD,, LTE, and LTB,. In addition,
LTD, activity can be inhibited by another compound,
accolate (ICI 204,219). The latter will also have an effect
in blocking LTC, and LTE,, but not LTB,. The clini-
cal studies available show effects of both drugs on block-
ing bronchospasm due to cold air, exercise and aspirin,
as well as allergen challenge [42—44]. Regular admin-
istration can also improve pulmonary function and asth-
ma control.

More information is needed on the pathology of dif-
ficult to control asthma to determine whether there are
ultrastructural abnormalities present that may be irre-
versible [45]. It is possible that aggressive courses of
anti-inflammatory or immunomodulator therapy can sup-
press active inflammation, but airway remodelling may
predispose the patient to residual symptoms secondary
to persistent airways hyperresponsiveness. Of greater
concern is the possibility that the persistent symptoms
in certain patients could be related to noninflammatory
airways hyperresponsiveness. Obviously, more effort
must be placed on understanding the pathophysiology
of severe asthma to refine the selection of pharmaco-
therapy for this challenging group of patients.
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