
The understanding of the natural history of asthma has
changed significantly during the last 4 decades, with the view
that asthma is a disease of chronic inflammation and varying
degrees of severity replacing that of it being a disease of
reversible airway obstruction. Treatment has progressed in
accordance with the growing knowledge about the pathophysi-
ologic mechanisms of asthma. Nevertheless, much remains
unknown, especially about how to treat asthma effectively.
Pharmacogenetics, an emerging field in which the knowledge
of the genetic basis of a disease is applied to its treatment, may
ultimately lead investigators to define many unanswered ques-
tions about asthma therapy. Asthma occurs early in childhood,
but the ideal time for intervention and the most effective treat-
ment strategy are yet unknown for young patients. The lack of
response to a therapy may indicate the course of the disease as
much as a lack of treatment efficacy. It may be that including
such variables as airway hyperresponsiveness in treatment
goals will not only become routine but will result in improved
long-term asthma treatment as well. The progress in defining
asthma and targeting treatment toward specific pathophysio-
logic mechanisms should lead to better-defined optimal strate-
gies for treating asthma in children. (J Allergy Clin Immunol
2002;109:S549-53.)
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The understanding of the pathophysiology of asthma
has evolved significantly during the last 4 decades, and
treatments have progressed in accordance with the grow-
ing knowledge about the natural history of the disease. In
the 1960s, asthma was perceived to be an episodic disease,
and the therapeutic objectives were to relieve symptoms,
primarily bronchospasm. Epinephrine partly achieved this
goal, and efforts ensued to develop an oral formulation of
this drug and to prolong its duration of action.

During the next 2 decades, concerns shifted toward the
progression of the disease and how its evolution could be
managed. In the 1970s, when medications such as
albuterol and theophylline were in use, the emphasis of
asthma treatment was bronchospasm prevention rather
than simply the relief of symptoms. The introduction of
theophylline resulted in improved control of nocturnal
asthma, and in the 1980s, cromolyn sodium was used to
control allergen-induced bronchospasm during the early
and late phases of asthma.

Then, in the 1990s, bronchoscopy and endobronchial
biopsy specimens revealed inflammation in the airways
of asthmatics. The definition of asthma changed from
being a reversible disease of airway obstruction to that of
a chronic inflammatory disease with varying degrees of
severity. Researchers focused attention on the cellular
and molecular mechanisms of the disease (such as
cytokines, chemokines, and leukotrienes, immune
response, remodeling, and inflammation) and how these
factors may predict the severity or progression of the dis-
ease. Figure 1 summarizes the evolution of asthma as it
has been viewed since the late 1990s.

The development, refinement, and increased use of
assessment tools including bronchoscopy, endobronchial
biopsy, bronchoalveolar lavage, and induced sputum
were instrumental in quantifying and qualifying inflam-
mation in asthmatic patients. Inhaled glucocorticoids
became the agents of choice to prevent and resolve air-
way inflammation in adults and older children.1

Although steroids were used extensively, a new class of
drugs, the leukotriene (LT) modifiers, was being devel-
oped. The LT modifiers targeted the cysteinyl LT media-
tors present in asthma inflammation that are not neces-
sarily or consistently controlled by corticosteroids.

Leukotrienes are associated with airway edema,
smooth muscle contraction, and altered cellular activity
in the inflammatory process. The LT modifiers were
designed either to inhibit LT synthesis (5-lipoxygenase
inhibitor) or to prevent the LTs from binding to their spe-
cific receptors on airways and inflammatory cells. In
1995, two medications of this new class of drugs, zileu-
ton (Zyflo; Abbott Laboratories, North Chicago, Ill), an
LT synthesis inhibitor, and zafirlukast (Accolate;
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AstraZeneca Pharmaceuticals, Wilmington, Del), a
leukotriene receptor antagonist (LTRA), were approved
for the treatment of asthma in the United States. Another
LTRA, montelukast sodium (Singulair; Merck & Com-
pany, Inc, West Point, Pa), subsequently received FDA
approval in 1998. Approved for adults, only two of these
medications are approved for young children: zafirlukast,
for children as young as 5 years of age, and montelukast,
for children as young as 2 years of age. Although first
met with skepticism, the LT modifiers have been incor-
porated rapidly into the physician’s armamentarium for
asthma treatment.

DISCERNING THE STATUS OF THE DISEASE

An understanding of the natural history of asthma can
contribute substantially to optimal, early treatment. With
chronic inflammation, there is an element of progression,
but asthma progression has not been defined clearly. The
only indication in the literature regarding progression is
a decline in FEV1. Other factors, such as intensifying fre-
quency or severity of symptoms, increasing the need for
medication to control symptoms and hyperexpansion,
may also be important indicators of disease progression.

In the past, clinicians used pulmonary function testing
primarily to gauge the severity of a patient’s asthma and
to monitor response to therapy. Several questions remain,
however, regarding how best to use the pulmonary func-
tion tests. Among these questions are: Does spirometry
provide information that peak flow does not? Which
patients might benefit from the measuring of lung volume
and hyperexpansion (with body plethysmography)? The
answers may not always be complete enough to provide a
full appreciation of the disease for a particular patient. It
may also be important, therefore, to evaluate patients

using exercise-induced asthma or methacholine chal-
lenge, particularly in those who participate in sports or for
whom regular participation in exercise is important.

In recent years, measurements for markers of inflam-
mation have become more accessible. These new tools
include induced sputum cytology to assess the presence
of inflammatory cells in the lungs (eosinophils, neu-
trophils, and others), and blood tests to determine levels
and activation states of inflammatory cells (mainly
eosinophils), along with the presence of inflammatory
markers such as the eosinophilic cationic protein (ECP).
Other measurements are used only in research settings,
such as the level of exhaled nitric oxide as a marker of
inflammation. New techniques are being developed to
measure other mediators. There are, however, no para-
meters that relate findings of such measurements to a risk
profile. Defining the clinical relevance of measurements
would allow them to be incorporated into routine prac-
tice. Similarly, the best methods for measuring the
response to asthma treatment remain unclear. It is not
known which indicators are best: the control of symp-
toms, FEV1, airway hyperresponsiveness, the level of
exhaled mediators such as nitric oxide, or a combination
of these markers. Regulatory agencies need to address
questions raised regarding the application of surrogate
markers in terms of which are suitable as short-term
markers and which indicate long-term response.

DEFINING A GENETIC BASIS FOR ASTHMA

AND APPLYING IT TO TREATMENT

Atopy is the single most important risk factor for asth-
ma2 and, in genetically predisposed patients, environ-
mental stimuli produce inflammation and ultimately can
affect airway structure. Pharmacogenetics is an emerging

FIG 1. Natural history of asthma. Schematic of the natural history of asthma demonstrates several possible
features of the disease that may be amenable to preventive or therapeutic intervention. (From Holgate ST.
The cellular and mediator basis of asthma in relation to natural history. Lancet 1997;350(Suppl 2):5-9. © by
The Lancet Ltd, 1997.)
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field that may help to incorporate several different treat-
ment aspects (for old therapies and new therapies in
development) into a schematic such as drug response (at
a cellular receptor level), drug metabolism, and risk for
adverse effects of medications. Research has focused on
identifying the genes associated with asthma, which
would allow for the recognition of patients at risk and for
more proactive management, prevention, and selection of
therapeutic options. Distinguishing genetic markers for
asthma from those for allergy is a challenging task; how-
ever, several candidate genes and their functions have
been identified.2

RECOGNIZING INDIVIDUAL DIFFERENCES IN

ASTHMA

Asthma is heterogeneous. Elucidation and examina-
tion of the variables in asthma could add valuable diag-
nostic and treatment information. The National Asthma
Education and Prevention Program (NAEPP) guidelines
provide a limited classification of asthma as mild inter-
mittent, mild persistent, moderate persistent, and severe
persistent. By adding other categories, more epidemio-
logic information could be retrieved (Table I).3,4

The differences among patients with asthma also pres-
ent other important implications. For example, specific
and distinguishing differences occurring during the
course of the disease may alter the initial prognosis, and
additional information regarding these variables might
better define risk features. Patients’ responses to therapy
vary, however, and the impact of such variance is
unknown. A key question, then, is do these distinctions
reflect varying modifications of a common pathophysio-
logic process or varying processes?

CHILDHOOD ASTHMA: CURRENT

KNOWLEDGE AND ISSUES

Asthma often occurs in early childhood. Because the
incidence of asthma in children younger than 5 years of
age is the highest compared with that of older children
and adults, it is important to identify the disease in these
very young patients.5 Owing to the growing understand-
ing of the natural history of asthma, treatment can be tar-
geted toward specific pathophysiologic mechanisms that
can lead to better defined optimal strategies for treating
asthma in children. Current asthma therapy is based on
the concept that chronic inflammation is a key feature of
the disease; however, there is neither enough information
about the time of onset of inflammation nor precise
mechanisms for asthma initiation, progression, and per-
sistence, especially in children.

Although asthma often starts early in life, wheezing
resolves by 6 years of age in many children. Among 277
children with wheezing before the age of 3 years, 164
(59.2%) had not wheezed during the previous year when
examined at 6 years of age. Children with persistent
wheezing were twice as likely to have wheezed often or
very often (P = .001) or to have wheezed without colds
during infancy (P = .05), compared with children who

have transient early wheezing. Although children with
persistent wheezing at 6 years of age had significantly
reduced pulmonary function, compared with nonwheez-
ers at 6 years (1069.7 vs 1262.1 mL/s, respectively, P <
.01). When younger than 1 year of age, they had a pul-
monary function similar to the children who never
wheezed at age 6 (104.6 vs 123.3 mL/s, respectively).
These data suggest that in these children, the persistent
wheezing is not caused by poor initial pulmonary func-
tion but instead may be the result of the chronic disease
process in the bronchi.6

Furthermore, certain patients with bronchial hyperre-
sponsiveness (BHR) were more predisposed to a decline
in pulmonary function over time.7 This has led to specu-
lation that if BHR occurs early in children, their lung
development may be compromised and could be at risk
for more rapid decline and chronic obstructive pul-
monary disease. If so, one would expect patients with
severe asthma to have a decline in pulmonary function
continuously over time, but data from long-term studies
do not support that hypothesis.8 Certainly, patients with
severe asthma have diminished pulmonary function and
airway hyperresponsiveness. What is not clear is whether
such deficits in pulmonary function occur suddenly and
then continue or whether there is a “window of opportu-
nity” for intervention.

Including the reduction of airway hyperresponsiveness
in treatment goals might result in more effective control
of asthma, fewer exacerbations, less variable airflow
obstruction, and a more effective decrease of airway
inflammation and remodeling compared with the use of
conventional measures. Data showing the degree of BHR
in asthma have provided relevant information on the
exacerbation rate, which appeared to be highest in
patients with relatively severe BHR.9 These data also
suggested that a step-up of doses of inhaled corticoste-
roid (ICS) therapy could be tailored more easily to the
needs of each individual according to the severity of
BHR. Including the BHR reduction in the therapeutic
goals allowed for a reduced exacerbation rate, an
increased FEV1 (bronchodilation) and a decreased thick-
ness of the subepithelial reticular layer (decrease in col-
lagen, a surrogate marker for airway remodeling) in the
bronchial wall, indicating a reversal of airway remodel-
ing. The drawback to including BHR reduction in the
treatment goal results, however, is an approximate dou-

TABLE I. Differences based on patterns of symptoms

1. NAEPP guidelines: mild intermittent, mild persistent, moderate
persistent and severe persistent
2. Persistent asthma, obstructed asthma, episodic asthma, asthma
in remission, potential asthma, trivial asthma*
3. Cough-variant asthma
4. Asthmatic bronchitis
5. Brittle asthma: “chaotic” or “sudden-onset”
6. Potentially fatal asthma

*Adapted from data in Barnes and Woolcock.4
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bling of the ICS dose9 (Fig 2) and the consequent risk of
adverse effects. Further study may define better the clin-
ical use of this approach, particularly in children. It may
be that earlier intervention negates the need for increased
doses of ICS.

The suggestion that the measurement of BHR be
included in the long-term treatment of asthma highlights
the fact that an adequate response to therapy has not been
defined clearly. Studies tend to focus on the average
response, often neglecting important aspects, including

FIG 2. Daily doses of inhaled steroids. Actual daily doses of ICS (µg: mean ± SEM) according to the AHR
strategy and the reference strategy. AHR strategy necessitated the use of higher mean doses than did the
reference strategy throughout the 2-year study. Median difference in treatment and ICS was ±400 µg dur-
ing the 2-year follow-up. Treatment requirement decreased with both strategies; however, the decrease with
the AHR strategy was somewhat greater than with the reference strategy. (From Sont JK, Willems LN, Bell
EH, et al. Clinical control and histopathologic outcome of asthma when using airway hyperresponsiveness
as an additional guide to long-term treatment in the AMPUL Study Group. Am J Respir Crit Care Med
1999;159:1043-51. With permission.)

FIG 3. Variability of response to asthma therapy. The response distribution according to FEV1 shows a bell-
shaped curve for both montelukast and beclomethasone and indicates that there may be a spectrum of
response, at least as measured by FEV1 to drug therapy for asthma. In this study, all patients benefited from
mandatory use of spacers, enforced compliance, and the rigorous monitoring of patients. Black bars, Patients
receiving 10 mg/d montelukast; white bars, patients receiving inhaled 200 µg beclomethasone twice daily.
(From Malmstrom K, Rodriguez-Gomez G, Guerra J, et al. Oral montelukast, inhaled beclomethasone and
placebo for Montelukast/Beclomethasone Study Group. Ann Intern Med 1999;130:487-95. With permission.)

Image available in print only
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the variability of each patient’s response to treatment.
Response to montelukast, similar to that for beclometha-
sone, demonstrated a bell-shaped curve relative to change
in FEV1 from baseline10 (Fig 3). Indeed, one population
of patients appears to respond very favorably (change of
FEV1 ≥ 20%), whereas another population does not
appear to respond at all (change of FEV1 ≤ 10%). Such
variability calls into question whether there are respon-
ders and nonresponders to therapy. Poor response to ther-
apy may reflect changes in the course of the disease rather
than a lack of treatment efficacy, however.

Another important aspect of these responses is the
treatment failure rate between various agents. Mon-
telukast and beclomethasone did not differ significantly
in reducing asthma attacks (failure rate = 86.7% and
90%, respectively, after 12 weeks)10; these results were
different, however, from the Asthma Clinical Research
Network study, in which triamcinolone was significantly
more effective than salmeterol (treatment failure = 6%
and 24%, respectively, after 18 weeks).11

KEY QUESTIONS

Despite the progress in understanding the evolution of
asthma, several key questions remain to be answered
concerning its pathophysiologic mechanisms. When does
inflammation begin? What is the most appropriate early
intervention for children? When does wheezing become
asthma? These questions engender many more important
decision-making discussions, such as those concerning
when a diagnosis of asthma is made and when and to
whom a referral is made.

The benefits and risks of all long-term medications
should be evaluated. Much remains poorly defined in this
area. The minimally effective and maximally safe doses
of ICS need to be determined, as well as measurements
of response, whether they be BHR or markers of inflam-
mation. If the most efficacious dose is higher than the
one being used, adverse effects must be addressed. Ulti-
mately, patients who do not respond to a therapy may
provide important information about resistance to ICS or
about the severity of the disease.

It is also necessary to rethink delivery devices. The cri-
teria used for initiating and continuing treatment needs to
be defined, as do the benefits and risks of early treatment.
Patients at risk for adverse effects of medications should
be identified. Integral to pharmacotherapy is patient
adherence, for which measurement tools and methods for
improvement are needed.

Data from the recently completed Childhood Asthma
Management Program (CAMP) illustrate a profile of per-
formance for 2 different treatments. Interpretation of
CAMP data, as well as information from other ongoing
studies, will help define a preferred medication for early
intervention in children. The results of this study provided
an excellent profile for 3 treatment strategies. The study
clearly demonstrated that inhaled steroids could markedly
reduce the rate of significant asthma episodes and overall

asthma control but also that inhaled steroids had a very
limited effect on pulmonary function. Similar studies are
needed for other long-term control therapy options.12

CONCLUSIONS

At the threshold of being able to define treatment
strategies for childhood asthma, several unique opportu-
nities exist. Significant challenges accompany these
opportunities, however. The importance of surrogate
markers raises questions that regulatory agencies need to
answer in terms of which are suitable as short-term mark-
ers and which will be indicators of long-term response.
Pharmacogenetics is an emerging field that may help to
incorporate several different treatment aspects as well as
develop new therapies; however, one downside to using
genetic information for preventing asthma or to imple-
ment early intervention strategies is its expense.

The goals of recognition and intervention, as well as
the ability to monitor the progress of asthma, are well
within sight. The foundation for such progress must be to
focus on improving asthma treatment.
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