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abstract

background

The development of tumor necrosis factor α (TNF-α) antagonists has made it fea-
sible to investigate the role of this cytokine in refractory asthma.

methods

We measured markers of TNF-α activity on peripheral-blood monocytes in 10 pa-
tients with refractory asthma, 10 patients with mild-to-moderate asthma, and 10 
control subjects. We also investigated the effects of treatment with the soluble TNF-α 
receptor etanercept (25 mg twice weekly) in the patients with refractory asthma in 
a placebo-controlled, double-blind, crossover pilot study.

results

As compared with patients with mild-to-moderate asthma and controls, patients 
with refractory asthma had increased expression of membrane-bound TNF-α, TNF-α 
receptor 1, and TNF-α–converting enzyme by peripheral-blood monocytes. In the 
clinical trial, as compared with placebo, 10 weeks of treatment with etanercept was 
associated with a significant increase in the concentration of methacholine required 
to provoke a 20 percent decrease in the forced expiratory volume in one second 
(FEV1) (mean difference in doubling concentration changes between etanercept and 
placebo, 3.5; 95 percent confidence interval, 0.07 to 7.0; P = 0.05), an improvement 
in the asthma-related quality-of-life score (by 0.85 point; 95 percent confidence 
interval, 0.16 to 1.54 on a 7-point scale; P = 0.02), and a 0.32-liter increase in post-
bronchodilator FEV1 (95 percent confidence interval, 0.08 to 0.55; P = 0.01).

conclusions

Patients with refractory asthma have evidence of up-regulation of the TNF-α axis. 
(ClinicalTrials.gov number, NCT00276029.)
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T he rates of death and complica-

tions are high among patients with refrac-
tory asthma and account for a dispropor-

tionate amount of the health resource burden 
attributed to asthma.1 Treatment options are lim-
ited for these patients. The airway abnormality in 
refractory asthma differs from that in mild-to-
moderate asthma in having a more heterogeneous 
pattern of inflammatory response,2 with greater 
involvement of neutrophils3 and the distal lung4 

and increased airway remodeling.5 Tumor necro-
sis factor α (TNF-α) is a pleiotropic inflammatory 
cytokine expressed in increased amounts by mast 
cells6 and present in increased concentrations in 
bronchoalveolar fluid from the airways of patients 
with asthma.7 It has a number of properties that 
might be relevant to refractory asthma.8-10 Inter-
est in the role of TNF-α in refractory asthma has 
been increased by a study showing increased con-
centrations of TNF-α in bronchoalveolar-lavage 
fluid from patients with more severe asthma11 and 
by an uncontrolled study showing that treatment 
with the recombinant soluble TNF-α receptor etan-
ercept markedly improved airway hyperrespon-
siveness in patients with refractory asthma.11

The biologic activity of TNF-α is mediated by 
the 26-kD transmembrane precursor protein12 

(membrane-bound TNF-α) as well as the 17-kD 
cleavage product, free TNF-α.13 This cleavage is 
principally mediated by TNF-α–converting en-
zyme,14 and the free TNF-α subsequently forms 
highly active homotrimers,15 which interact with 
two distinct TNF-α receptors on the cell surface.16 

The bioactivity of TNF-α is therefore likely to be 
reflected by increases in membrane-bound TNF-α, 
TNF-α–converting enzyme, free TNF-α, cell-sur-
face receptors, and soluble receptors. We tested 
the hypothesis that the TNF-α axis is up-regulated 
in patients with refractory asthma by measuring 
the expression of membrane-bound TNF-α, TNF-α 
receptors, and TNF-α–converting enzyme by pe-
ripheral-blood monocytes. We also performed a 
small, randomized, double-blind, placebo-con-
trolled, crossover pilot study of the effects of treat-
ment with etanercept, an agent active against 
TNF-α, on airway hyperresponsiveness and the 
asthma-related quality of life in patients with 
refractory asthma.

methods

subjects

All patients with asthma had clinical features con-
sistent with the presence of asthma and at least 
one of the following objective measures of airway 
hyperresponsiveness and variable airflow obstruc-
tion: the concentration of methacholine required 
to provoke a 20 percent decrease (PC20) in the 
forced expiratory volume in one second (FEV1) was 
less than 8 mg per milliliter, the FEV1 increased 
by at least 15 percent after the inhalation of 200 μg 
of albuterol, or the variation in peak f low, ex-
pressed as a percentage of the mean, exceeded 20 
percent over a period of 14 days.

Patients with refractory asthma, recruited from 
the difficult-asthma clinic at Glenfield Hospital, 
Leicester, United Kingdom, met the criteria of the 
American Thoracic Society for this condition,17 

with the exception that the daily dose of inhaled 
corticosteroids required to meet the definition was 
modified to more than 2000 μg of beclometha-
sone or its equivalent to reflect European practice.4 
Patients met at least one major and two minor cri-
teria for refractory asthma; all were considered 
to be compliant with treatment. Our assessment 
was based on the measurement of serum pred-
nisolone, cortisol, and theophylline concentra-
tions; an assessment at each patient’s home by 
a consultant pharmacist; and an analysis of pri-
mary care records on the issuing and filling of 
prescriptions. We excluded patients who were 
thought to be symptomatic because of uncon-
trolled coexisting conditions such as rhinitis and 
gastroesophageal reflux disease. Patients were 
also excluded if they had any of the following: 
recent contact with a patient with pulmonary tu-
berculosis, a personal history of tuberculosis, any 
radiologic features suggestive of current or pre-
vious tuberculosis, or a grade III or IV tuberculin 
(Heaf) test.

All patients classified as having mild-to-mod-
erate asthma met the Global Initiative for Asth-
ma18 criteria for intermittent or mild persistent 
asthma. All patients with refractory asthma met 
the Global Initiative for Asthma criteria for severe 
persistent asthma.

Control subjects had no respiratory symptoms, 
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