The changing faces

of asthma
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Over thelast 20 years, the under standing of the pathogenesis
of asthma has changed dramatically. Asthma is now seen asa
disease of chronic airway inflammation. Consequently, the
paradigm of management has expanded from “as-needed
bronchodilators’ to include maintenance therapy with antiin-
flammatory medications and action plans. Health care profes-
sionals ar e assessing medications as potential disease-modify-
ing drugs. To do this, they must under stand the natural history
of asthma and identify the markers of the disease that reflect
long-term outcomes. This article reviews the way in which the
concept of asthma has changed, the impact of this new knowl-
edge on the basis of medication selection, and the options for
evaluating the effect of medications on long-term outcomes.
Reevaluating information will continue to expand our horizon
of methods to improve asthma management. (J Allergy Clin
Immunol 2000;106:S139-43.)
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How one looks at asthma, in relation to the method of
development and use of medications, has evolved over
the last few decades. Because of the substantial progress
made in the understanding of the pathophysiologic fea-
tures of asthma, it is no longer viewed as a disease of
reversible airway obstruction, but a disease of chronic
inflammation with varying degrees of severity. These
new insights into the causes of asthma have impacted on
the recommendations about both the prevention and the
therapeutic management of the disease (Table1).1

In the 1960s, epinephrine was the drug of choicein the
treatment of asthma, and it was attractive because it
relieved bronchospasm. In the 1970s, many new agents
were brought to clinical trialsin an effort to improve on
epinephrine. |soproterenol, metaproteranol, albuterol,
and pirbuterol were developed in the search for drugs
with greater bioavailability and longer in vivo half-lives
than epinephrine. Because of these new longer-acting
bronchodilator agents, it was realized that bronchospasm
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could be prevented. The use of methylxanthines, specifi-
cally theophylline (administered orally with extended-
release formulations) also cameinto prominence at about
thistime. Because of its ability to relax bronchial smooth
muscle, theophylline was the most popular drug for asth-
matreatment in the mid 1980s. During this period, infor-
mation was gathered about methods to individualize
medication dosing strategies. Through the measurement
of serum theophylline concentrations, patient response
could be optimized.

In the 1980s, it became apparent that theophylline's
narrow therapeutic window required careful monitoring
to avoid potential drug interactions and conditions that
alter theophylline absorption from extended-release
preparations. Although theophylline is still frequently
used in the management of chronic obstructive pul-
monary disease (COPD) today, its use in the treatment of
asthma substantially declined by the end of the 1980s.
Because of favorable features in the prevention of the
pulmonary response to an alergen exposure, cromolyn
was introduced as a drug that could impede the develop-
ment of asthma exacerbations. Prevention of break-
through symptoms in patients with mild-to-moderate
bronchia asthmawas now possible with avery safe med-
ication.

With newfound experience in bronchoscopy, bron-
choalveolar lavage, and biopsy techniques, research in
the 1980s revealed new information about the patho-
physiologic features of the disease, especially in adults.
For example, features of chronic inflammation were rec-
ognized, which superceded the old model of viewing
inflammation as consisting of eosinophils and mast cells.
The new paradigm shifted to a model of chronic inflam-
mation similar to that featured in diseases such as
rheumatoid arthritis and inflammatory bowel disease.
This changed the entire spectrum of how asthma was
viewed in the 1990s. Attention then shifted to methods
for preventing and resolving inflammation. Inhaled glu-
cocorticoids quickly replaced theophylline and cromolyn
as the preferred maintenance medications. Expert panels
have emphasized the benefits of inhaled glucocorticoids
as a preferred long-term controller in adults and older
children, based on the concept of asthma as a disease of
chronic airway inflammation.23 Inhaled glucocorticoids
are known to be effective in controlling asthma symp-
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TABLE |. The changing faces of asthma

Time Goal of Preferred
period management medication
1960s Relieve bronchospasm Epinephrine
1970s Prevent bronchospasm Albuterol, theo-

) phylline

1980s Prevent allergen-induced Cromolyn
bronchospasm

1990s Prevent and resolve Inhaled glucocorti-
inflammation coids; leukotriene

modifiers?

2000s Prevent and reverse ??77? disease

airways remodeling modifiers

Reprinted with permission from Szefler SJ. Asthma: the new advances. Adv
Pediatr 2000;47:273-308.

toms and reducing the intensity of the inflammatory
response in studies conducted in asthmatic adults. This
effect lasts only as long as the treatment continues; there
isno known treatment that can consistently induce alast-
ing remission in the disease. Inhaled glucocorticoids
have a relatively slow offset of effect when compared
with other long-term controller medications, which sug-
gests that they have a signficant effect on resolving
chronic inflammation and improving asthma control .4

In 1996, 2 medications in a new leukotriene modifier
class were approved for usein the treatment of asthmain
the United States: zileuton (a leukotriene synthesis
inhibitor) and zafirlukast (a leukotriene receptor antago-
nist). In 1998, the Food and Drug Administration (FDA)
approved another leukotriene antagonist, montel ukast.

Leukotrienes have been recognized as potent media-
tors of inflammation and are released in response to an
alergic stimulus by cells involved in the inflammatory
response, which are understood to be present in the air-
ways of asthmatic patients. These cells are known to
mediate bronchoconstriction and inflammatory changes
important in the pathophysiologic features of asthma
(such as microvascul ature permeability, mucus secretion,
and neutrophil recruitment) and may contribute to airway
edema. The leukotriene modifiers are considered an
attractive alternative to inhaled glucocorticoids.>12
These modifiers are particularly well received by some
pediatricians because of the easy administration. There
is, however, still some hesitancy in prescribing this class
of agents, and more experience with them is needed.

An advantage of montelukast over the previous 2
medications in this class is the data that supports its use
in young asthmatic children. Clinical studies have been
conducted in children as young as 6 years of agell.12 and
are presently completed in asthmatic children as young
as 2 years of age. The question of concern now is
whether glucocorticoids and leukotriene modifiers alter
the course of the disease by preventing and reversing air-
way inflammation, including some of the features of
chronic changes that fall under the category now labeled
as “airway remodeling.”
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KEY MESSAGES IN ASTHMA
MANAGEMENT

At least 7 mgjor guidelines for asthma were put forth
inthefirst 20 years. With the proliferation of these guide-
lines, a number of key issues in the area of asthma man-
agement have emerged. These issues include the patho-
physiologic features, risk factors, optimal treatment
modalities, and adverse effects associated with asthma
management.

Asthma is a chronic inflammatory disease of the air-
ways. Current therapy, even in children, is based on the
concept that chronic inflammation is a key feature of
asthma, but little information exists about either the time
of onset of inflammation or about the mechanism for its
initiation, progression, and persistence. Patients with dif-
ficulty in controlling their asthma have evidence of per-
sistent inflammation.13-15 The disease often has its onset
in early childhood, which may suggest that children who
manifest persistent inflammation in the presence of anti-
inflammatory therapy are at an increased risk for disease
progression. If so, it will be important to recognize these
patients and to provide more effective interventions at
the critical stages of the disease.

Allergy is an important risk factor. There is a general
belief among asthma care specialists that alergy is an
important risk factor for the persistence of the disease. It
is also thought to be important in terms of asthma'siniti-
ation and development; more research is needed to clari-
fy this, however. To decrease the exposure to allergens,
the patient’s allergen sensitivity can be identified; expo-
sure levels to specific allergens can be measured, and
environmental control can be attempted to reduce aller-
gen exposure. This can all be accomplished fairly effec-
tively, provided the alergens can be defined. Unfortu-
nately, many patients have multiple alergens. Whereas
some degree of alergen control can be achieved in the
home environment, it becomes more challenging to com-
pletely control the many different environmentsto which
the patient is exposed in the course of aday. These prac-
tical limitations to environmental autonomy often result
in reliance on therapeutic intervention to adequately con-
trol symptoms.

Early intervention can prevent long-term effects of
inflammation. Numerous studies have shown that inhaled
glucocorticoids improve asthma management and reduce
inflammation in the airways. Recent observations suggest
that this responseis highly dependent on the time of inter-
vention, with earlier use superior to later use416-18
Understanding the onset and progression of the inflam-
mation, and its persistence, could provide insight into
defining appropriate treatment strategies that depend on
the stage of the disease.1% Theories have developed that
early intervention with inhaled glucocorticoid therapy can
be effective in preventing the progression of the disease
and the irreversible changes in the airways that could
result in the persistence of symptoms.4.16-18 Thus, there
appears to be a “window of opportunity” that is critical
for intervention.
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Treatment should be adjusted to maintain optimal con-
trol. One of the consequences of undertreating the asth-
matic patient may be a loss of pulmonary function over
timethat is greater than that observed in patients without
asthma. This reduction in pulmonary function with the
duration of disease is similar to that observed in COPD
and cystic fibrosis.19-21 Recent guidelines have suggest-
ed a step-wise approach to asthma management in both
children and adults.34 Because there is no established
method to monitor inflammation, indirect parameters
such as symptoms and pulmonary function must be used
to define optimal control. Once control is established, the
maintenance medication schedule can be adjusted to the
lowest daily dose that stabilizes symptoms.

Inhaled glucocorticoids may affect growth velocity.
There have been issues of concern regarding the risk of
long-term adverse effects with glucocorticoid therapy,
and now publications support those concerns in terms of
potential adverse effects on growth, bone density, and
ocular disorders. Therefore, attention has been focused on
the safe use of inhaled steroids, with an acceptance of the
potential risk. In July 1998, an FDA panel stated that
inhaled steroids are the preferred medication for long-
term control of persistent asthma; they may, however,
adversely affect growth.22 Several recent studies have
also suggested that high dosing or long-term use of
inhaled glucocorticoids may be associated with a higher

risk for ocular disorders such as glaucoma or cataracts.23-
25

GAPS IN OUR KNOWLEDGE

Although much progress has been made in the thera-
peutic management of asthma, gaps in our knowledge
still exist.1926-29 For example, athough it is hypothe-
sized that the pathophysiologic features of asthma are
inflammation based, it is not known when the onset of
inflammation begins or what cellular mechanisms are
critical for the initiation and progression of the disease.
The role of the antigen-presenting cell in the pathophys-
iologic features of asthmais also not well defined. This
information could impact the choice of appropriate ther-
apeutic interventions for each stage of the disease,
because there may be a time when the disease is “out of
control” and not dependent on allergen stimulation. For
optimum therapeutic management, there needs to be cri-
teriafor initiating, titrating, and discontinuing treatment.
There may be an ideal time for intervention, with well-
defined treatment strategies for the choice of therapy
(monotherapy or combination therapy) and criteria for
the initiation, titration, and discontinuation of treatment.
The appropriate time of intervention and the appropriate
step-wise therapy are 2 of the most debated issues in
asthma therapy today.

It is also important to determine the benefits and risks
of early treatment intervention. We have very little infor-
mation on the long-term effects of asthma medications,
especially inhaled glucocorticoids and leukotriene modi-
fiers when administered to young children for prolonged
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periods of time. It has not been shown definitively
whether glucocorticoids as a treatment strategy are the
drug of choice, athough they are frequently used in this
population. Questionsthat remain to be answered include
how glucocorticoids affect long-term outcome, the risks-
to-benefits ratio, and the appropriate dose and method of
administration. The long-term adverse effects of early
intervention coupled with long-term treatment are
unknown, and there is concern that this type of treatment
will result in cataracts early on or adverse effects that
will become apparent in the future. The recent FDA
meeting of the Pulmonary and Allergy Drug and
Endocrinology Advisory Panels concluded that there are
no minimally effective and maximally safe doses of
inhaled glucocorticoids defined for children.22 The effect
of specific variables such as age, gender, race, and genet-
ics on the risk for adverse events or lack of effects of
medication also remains to be determined.

CANDIDATE SURROGATE MARKERS FOR
ASTHMA

There is a need for surrogate markers for the assess-
ment of both disease and treatment parameters. Through
the use of these markers, clinical testing could be simpli-
fied with the assessment of 1 or 2 primary efficacy vari-
ables that would have some meaning in terms of disease
management. We have a pretty clear picture of the indi-
cators of poor asthmacontrol (Table!1).1 It isnow achal-
lenge to define what markers to target that could be indi-
cators of poor long-term outcome. Candidate surrogate
markers for disease parameters include pulmonary func-
tion and asthma control measures. The severity of
decline in pulmonary function can potentially be
assessed through FEV 1, FEV 4/FV C (forced vital capaci-
ty), peak expiratory flow, and airway hyperresponsive-
ness. Markers that indicate the level or extent of asthma
control include the need for rescue therapy, treatment
failure, and the progression of severity. In children under
the age of 5 years, FEV ; isextremely difficult to measure
for various reasons (eg, the child is unable to cooperate
and/or perform forced expiration for reliable spirometry),
and different ways to measure pulmonary function in this
age group must be defined. Because of this inherent dif-
ficulty, disease measures such as rescue therapy, treat-
ment failure, and episode-free days are the limited
options. Presently, it is uncertain which disease markers
are the most appropriate to use.

The efficacy and safety of various treatments can also
be assessed through the use of surrogate markers. Com-
mon markers for inhaled glucocorticoids include cortisol
and linear growth suppression, knemometry, bone densi-
ty, and ophthalmic disorders. It is unclear whether long-
term growth measures must be used or if knemometry is
an adequate surrogate marker for adverse effects on
growth. Similarly, it is unknown whether there are quick
measures for bone density that can be performed in the
short term and whether ophthalmologic markers exist.
Leukotriene modifiers may also be assessed through
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TABLE Il. Indicators of asthma control, ranked by level of
clinical significance

Death
Hospitalization
Acute exacerbations
Emergency Department visit
Course of prednisone
Nocturnal symptoms
Breakthrough symptoms
[B-agonist requirement
Wheezing episode affecting activity
Peak expiratory flow
Morning drop
Variability or lability through the day
Pulmonary function (spirometry)
FEV (an indicator of airway obstruction)
Individual measurements
Pattern of decline over time
FV C (necessary to assess reliability of FEV, measurement)
FEV4/FVC (another indicator of airway obstruction)
Total lung volume (indicator of hyperexpansion)
Bronchial hyperresponsiveness (marker of airway sensitivity to
activity or irritants)
Exercise
Methacholine or histamine
Markers of inflammation
Induced sputum (cytologic features, especially eosinophils,
neutrophils, or mediators)
Blood (total eosinophils; activated eosinophils)
Serum (eosinophilic cationic protein)
Exhaled nitric oxide (requires special instrument; at present
time, limited to research applications)
Biopsy (limited application at the present time)
Cytologic features (eosinophils, mast cells, lymphocytes; and
neutrophils)
Features of airway remodeling (collagen, elastin, and tenascin
deposition)

Reprinted with permission from Szefler SJ. Asthma: the new advances. Adv
Pediatr 2000;47:273-308.

liver function tests, eosinophil count, and possibly
through effects on the immune system. Because the lungs
and immune systems are still developing in young chil-
dren, there is additional concern for toxicities and
adverse effects on the developing child.

Experience with available surrogate markers indicates
that important markers show small but significant
changes, such as FEV; decline over time, and thus are
indicative of a pattern.19-21 Because these changes are
small, a long-term study is required to reach statistical
significance. Clinical studies have reported a potential
decline in FEV; over time of about 0.7% to 1% predict-
ed per year, which indicates that 3 or more years would
be necessary to detect a significant change.30.31 Long-
term studies pose unique challenges, including the ethi-
cal aspects of study design, recruitment, and retention of
study subjects, medication selection, adherence to proto-
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col, and the analysis of data.3!

CHILDHOOD ASTHMA MANAGEMENT
PROGRAM: MEETING THE CHALLENGES

Long-term studies in children pose other challenges,
including a high cost and the requirement of long-term
planning; unlike short-term studies, they do not provide
immediate answers to urgent questions. There are aso
questions about how to analyze the data. For example, it
isnot clear how to best analyze measures of lung growth.

The Childhood Asthma Management Program
(CAMP), which is sponsored by the National Heart,
Lung, and Blood Institute, was assembled in 1991 and is
the most comprehensive study in childhood asthma to
date.31 Over 1000 children, 5to 12 years of age at enroll-
ment, have now been followed for an average of 4t0 5.5
yearsin this multicenter study. Unlike the typical clinica
study, minority populations comprised one third of the
participants of this study, as required by the National
Institutes of Health guidelines for clinical research. This
is an extremely important group in which to assess for
therapeutic intervention, based on the well-known
impact of the disease on this patient population. Mea-
surements included in CAMP were spirometry to assess
lung development and measures of airway hyperrespon-
siveness. Three different treatment arms are being evalu-
ated: the inhaled glucocorticoid budesonide, the inhaled
nonsteroid long-term control medication nedocromil,
and placebo. Medication selection was based on the
anticipated interest in these medications at the time of
completion of the first phase of this study in 1999.

Most studies in asthma with long-term control med-
ications define treatment failure as the first significant
exacerbation leading to prednisone treatment. Removing
the patient from the study consequently results in prob-
lemsin data analysis for the projection of long-term out-
come. In CAMP, to account for both the patient declining
and improving in health, algorithms were built in for
medication reduction and rescue. Immediate rescue for
breakthrough symptoms is abuterol, to be used as need-
ed. Prednisoneisavailablefor asevere exacerbation after
communication with the study physician to assess the
indications. Specific criteria were also defined for inter-
vention with additional long-term control therapy.
Beclomethasone was used for poorly controlled asthma.
Thisin itself and the time between each step-wise incre-
ment in therapy may be very important endpoints.

The CAMP research team developed a Patient Educa-
tion Center and carefully selected participants to ensure
adherence to the study protocol .32 To minimize measure-
ment variability, strict procedures were used to certify
the staff, and the equipment was standardized. Ancillary
studies were built into the protocol to address specific
questions in smaller populations. Because of the length
of the study, it was designed to have flexibility in
addressing current issues. It was important, particularly
with the emergence of organized health care systems,



J ALLERGY CLIN IMMUNOL
VOLUME 106, NUMBER 3

that the primary care physician was kept involved.

Analysis of data derived from along-term study such
as CAMP poses many unique problems and challenges.
In long-term studies that involve children, the impact of
medication on disease modification must be assessed. In
the final data analysis, growth and devel opment must be
accounted for. For example, with measures of linear
growth, it is preferred that the final height be measured,
and it is unclear how accurate intermediate measures can
be projected. Rescue therapy also affects the final analy-
sis, because it can affect the primary measure.

As illustrated by the CAMP study, there are many
challenges in conducting childhood asthma studies.
These include identifying meaningful outcomes, deter-
mining appropriate measures, defining relevant inclusion
and exclusion criteria, supporting recruitment and reten-
tion and medication adherence, considering growth and
development in the analysis, and assessing the safety and
benefit. Many important lessons that can be applied to
future long-term pediatric studies will also be identified
through CAMP. These types of studies require a multi-
disciplinary team, and a coordinating center is crucial for
trial management. The questions posed must be focused
and timely; for example, unique features of the study
population must be considered. Great emphasis should
also be placed on education because cooperation is cru-
cia to maintain the quality of the study. Most important
for the future direction of asthma management is the
selection of parameters that reflect the long-term impact
of an intervention.
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