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Smoking
A Neglected Cause of Glucocorticoid Resistance in Asthma

Glucocorticoids are currently the most effective antiinflamma-
tory therapy for asthma. Numerous well controlled studies using
invasive and noninvasive methods have convincingly demon-
strated that these drugs effectively suppress airway inflamma-
tion, which is associated with an improvement in symptoms, lung
function, and airway responsiveness. Studies examining drug
effects in asthma, however, are generally performed in non-
smoking subjects to ensure that the well known harmful effects
of smoking on the lower airways do not bias the results. Since
up to one third of asthmatics are current smokers (1), an impor-
tant part of the asthmatic population is thus excluded from these
studies. It is therefore not surprising that the effects of smoking
on asthmatic airway inflammation and its response to glucocorti-
coids have remained unnoticed for many years.

Pedersen and coworkers (2) were the first to observe in an
uncontrolled study that smoking subjects with asthma responded
less well to inhaled corticosteroid treatment with respect to
symptoms and lung function than their never-smoking counter-
parts. They postulated that smoking could perhaps impair the
actions of corticosteroids. Chalmers and coworkers (3) con-
firmed this observation in a double blind placebo-controlled
study in which they demonstrated that patients with asthma who
actively smoked failed to show an improvement in lung function,
bronchial hyperresponsiveness, and sputum eosinophilia after
three weeks of high-dose inhaled corticosteroids. With this study
a previously ignored problem came on the scene.

In this issue of the Journal (pp. 1308–1311), Chaudhuri and
colleagues (4) have further explored the issue of diminished sensi-
tivity to glucocorticoids by smoking in asthma by comparing the
efficacy of high-dose oral corticosteroids among current smokers,
never-smokers, and ex-smokers with chronic stable asthma, and
showed a significant improvement in peak expiratory flow, forced
expiratory volume in 1 second, and asthma control score in never-
smokers, no response in asthmatic smokers, and a partial response
in ex-smokers. Apart from smoking history, the patients in the
three groups did not differ with respect to demographic character-
istics, lung function, or asthma severity, suggesting that smoking
was the only cause of impaired glucocorticoid response.

Smoking as a cause of steroid-resistance is a new concept
with important impact on our understanding of asthma patho-
physiology, prognosis, and treatment. Epidemiological studies
had already revealed that smoking is associated with more severe
asthma (5), a more rapid decline in lung function (6), more
severe exacerbations (7), and even fatal attacks (8). This has,
however, always been attributed to proinflammatory effects and
airway remodeling by smoking (9). Impaired sensitivity to gluco-
corticoids as a consequence of smoking has thus far been ignored
as a cause of increased morbidity and mortality from asthma,
but might indeed be one of the most important contributing
factors.
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The fundamental question pertinent to the study of Chaudhuri
and coworkers is whether or not smokers with asthma represent
a separate phenotype of asthmatics with a different type of in-
flammation that is insensitive to glucocorticoids. From a previous
study by the same group it appeared that the type of airway
inflammation in smokers differs from that in nonsmokers, being
characterized by neutrophils, rather than eosinophils (10). This
could either mean that smoking induces a distinct type of asthma
that is characterized by neutrophilic inflammation, or that smoking
alters the characteristic eosinophilic infiltrate of preexisting
asthma into neutrophilic inflammation. Whether smoking can in-
duce adult-onset asthma is still a controversial issue (5, 11), and
prospective studies investigating the effects of smoking on airway
inflammation in existing asthma are yet to come.

An intriguing finding of the study by Chaudhuri and cowork-
ers is the partial response to glucocorticoids in the group of ex-
smokers. This could indicate that steroid-responsiveness recurs
after smoking cessation, and that steroid-insensitivity is a revers-
ible phenomenon. The mechanism of steroid-insensitivity in
smokers is still unclear. Based on new insights into the mode of
action of glucocorticoids, however, the most likely mechanism
is that oxidative stress reduces histone deactelylase expression
and activity, which is necessary for adequate inhibition of cyto-
kine production by glucocorticoids (12). Reducing oxidative
stress could then lead to a recovery of glucocorticoid action.

Alternatively, the partial response to glucocorticoids in ex-
smokers could also be attributed to a bias in patient characteris-
tics. The duration of asthma and the number of pack years in
smokers and ex-smokers suggests another possibility: asthma
may have been manifested in the ex-smokers before they began
to smoke, whereas asthma in the current smokers started long
after the onset of smoking. If airway inflammation in the ex-
smokers was initially eosinophilic in nature, and inflammation
in current smokers was neutrophilic from the start, then the
partial response to glucocorticoids in ex-smokers is not a reflec-
tion of restored glucocorticoid sensitivity. Instead, the partial
response reflects the expression of a partial, but irreversible, loss
of antiinflammatory actions of glucocorticoids in an originally
steroid-sensitive disease. This would in fact represent an unfavor-
able message.

How does chronic obstructive pulmonary disease (COPD)
fit into this picture? Chaudhuri and coworkers (4) have clearly
chosen to define asthma as a functional abnormality of the air-
ways with a reversibility in forced expiratory volume in 1 second
of more than 15%, as opposed to the irreversible airflow limita-
tion of COPD. Recent evidence, however, indicates that patients
with similar fixed airflow limitation but distict clinical histories
for either asthma or COPD have different pathologic characteris-
tics in the airway mucosa (13). Accordingly, a definition based
on functional abnormalities may be challenged. The study by
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Chaudhuri and colleagues adds to this skepticism by showing
that reversible airflow limitation per se does not predict the
response to antiinflammatory treatment. Alternative definitions
of asthma and COPD based on clinical history, airway pathology,
and response to antiinflammatory treatment are worth consider-
ation.

What are the clinical implications of the study by Chaudhuri
and coworkers? It confirms that smokers with asthma are more
difficult to treat than nonsmoking patients, and emphasizes that
asthma is not always steroid-sensitive. The prevalence of steroid-
resistance in the asthmatic population is not certain, but is prob-
ably much higher than previously estimated. Glucocorticoid in-
sensitivity poses a significant therapeutic problem in a large
proportion of patients with asthma, which stresses the need for
new antiinflammatory treatments.

Taken together, this report by Chaudhuri and colleagues rep-
resents an important step in several areas of asthma research.
Not only does it provide new insight into the effects of smoking
in asthma, it also contributes to a better definition of the different
clinical subtypes of asthma, and provides a fascinating in vivo
illustration of newly discovered molecular mechanisms of ste-
roid-resistance in asthma. It is now time to further explore the
interaction of smoking and eosinophilic airway inflammation, to
examine whether or not steroid-sensitivity can be regained after
smoking cessation and, finally, to find the definitive answer to
the question as to whether smoking is a risk factor for adult-
onset asthma. In the meantime, all our efforts must be given to
encourage the patient with asthma not to smoke.
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Development of Fluoroquinolones as First-line Drugs for
Tuberculosis—at Long Last!

In 1985 in the Journal, Tsukamura and colleagues (1) reported
their experience treating 19 patients with chronic, drug-resistant
tuberculosis with the novel fluoroquinolone antibiotic, ofloxacin.
A majority of patients had some bacteriologic response to treat-
ment, and five became sputum-culture–negative. Importantly,
the drug that was given for 6 to 9 months was well tolerated.
Subsequently, a number of investigators reported similar results
with both ofloxacin and another fluoroquinolone, ciprofloxacin.
No randomized clinical trials, however, of a fluoroquinolone for
drug-resistant tuberculosis have ever been undertaken.

Despite increasing use of fluoroquinolones for drug-resistant
tuberculosis, the American Thoracic Society (ATS) and the Cen-
ters for Disease Control and Prevention (CDC) in their 1993
statement on the treatment of tuberculosis only noted that these
drugs might be potentially effective for the treatment of drug-
resistant disease (2). In the updated guidelines on tuberculosis
treatment published earlier this year, fluoroquinolones were
designated as preferred agents for the treatment of multidrug-
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resistant tuberculosis but were specifically considered not to
be first-line agents (3). This is because the few randomized,
controlled trials of fluoroquinolones for drug-susceptible tuber-
culosis that have been conducted have not demonstrated a benefit.

Today, however, nearly 20 years after Tsukamura and col-
leagues’ report (1), there is great interest in the potential of
fluoroquinolones to significantly improve the treatment of drug-
susceptible tuberculosis. A number of factors have contributed
to this interest.

A recent study conducted by the Tuberculosis Research Centre
in Chennai, India, that did not have a standard control group
randomized patients with newly diagnosed pulmonary tuberculo-
sis to one of four ofloxacin-containing regimens (4). Rates of
2-month sputum culture conversion, a marker of the sterilizing
activity of tuberculosis drug regimens (5), ranged from 92–98%.
This compares to an expected rate of approximately 80% with
standard four-drug treatment (6). Rates of relapse during the 2
years following completion of treatment were 2% and 4% in


