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ABSTRACT
Aim: Tumour necrosis factor a (TNFa) is a cytokine
recognised as a therapeutic target in chronic inflammatory
diseases.
Methods: A randomised, double blind, placebo controlled
parallel group trial is reported of etanercept (an IgG1-TNF
p75 receptor fusion protein), administered once weekly
for 12 weeks in 39 patients with severe corticosteroid
refractory asthma. Efficacy was measured by change from
the pretreatment baseline in Asthma Related Quality of
Life (AQLQ) and Asthma Control (ACQ) Questionnaire
scores (the primary endpoints), lung function, peak
expiratory flow (PEF) and bronchial hyperresponsiveness
(BHR). Sputum and serum inflammatory cells and
cytokines, serum albumin and C reactive protein (CRP) as
biomarkers of inflammation were also assessed.
Results: There was a small but significant difference in
reduction of ACQ scores between treatment and placebo
(21.11 (95% CI 21.56 to 20.75) and 20.52 (95% CI
20.97 to 20.07), respectively, p = 0.037). There was no
significant difference in improvements in AQLQ scores,
lung function, PEF, BHR or exacerbation rates between
the groups. Minor adverse events, including injection site
pain and skin rashes, were more frequent with
etanercept. There was a significant reduction in sputum
macrophages and CRP, and increases in serum TNFa and
albumin following treatment, but not in other laboratory
parameters.
Conclusion: Etanercept therapy over 12 weeks demon-
strated only a small but significant improvement in
asthma control and systemic inflammation, as measured
by serum albumin and CRP. Larger randomised, placebo
controlled trials are required to clarify the role of TNFa
antagonism in subjects with severe refractory asthma.

Asthma is a disorder of the conducting airways
characterised by variable airflow obstruction and
increased bronchial hyperresponsiveness (BHR) to
a range of environmental stimuli. In the majority
of patients, mild to moderate asthma airway
dysfunction is usually responsive to inhaled corti-
costeroids that form the mainstay of therapy. As
the disease becomes more severe and chronic, it
adopts a more aggressive phenotype with evidence
of neutrophil infiltration and airway wall remodel-
ling.1 2 Patients with asthma with this severe
phenotype respond poorly to standard treatments
and many are not adequately controlled despite
regular systemic corticosteroids and good adher-
ence.3 We have proposed that these changes in
asthma phenotype may reflect expression of an
additional Th1 inflammatory profile with
increased production of tumour necrosis factor a

(TNFa), a multifunctional cytokine that augments
the activity of many cells implicated in the
pathogenesis of asthma, including immune,
inflammatory, smooth muscle and epithelial cells.4

A case has been made for TNF as a mediator of
asthma in humans where inhaled TNFa causes
transient BHR and an influx of neutrophils into
the airways.5 Genetic polymorphism of the TNFa
gene on chromosome 6 is also associated with
asthma, its accompanying severity and BHR.6 7

The potential importance of TNF in severe
refractory asthma has recently been strengthened
by two small clinical trials of etanercept, a p75
IgG1 fusion protein that binds both TNFa and
TNFb, thereby preventing interaction with its cell
bound high (p75) and low (p55) affinity receptors.
In the first open labelled study on 15 patients,
etanercept (Enbrel) 25 mg administered subcuta-
neously twice weekly for 12 weeks led to a marked
reduction in symptoms and BHR but only moder-
ate changes in baseline forced expiratory volume in
1 s (FEV1).4 The second, a crossover, placebo
controlled study on 10 patients with refractory
asthma using the same regimen for 10 weeks
produced almost identical findings, but in addition
revealed a substantial increase in Asthma Related
Quality of Life (AQLQ) and that circulating
mononuclear cell membrane associated TNFa was
not only selectively elevated in severe asthma but
also predicted the clinical response to etanercept.8

A third parallel group randomised controlled trial
of the TNF blocking antibody Infliximab in less
severe asthma revealed significant protection
against exacerbations of asthma and other end-
points, but failed to achieve significance in the
primary endpoint of morning peak expiratory flow
(PEF).9

In other chronic inflammatory diseases such as
rheumatoid arthritis and psoriasis, TNF blockade
has been especially effective in relieving systemic
manifestations of the disease, measured by changes
in quality of life, fatigue, anxiety and depression
scores.10 Here we describe a parallel group rando-
mised controlled trial with etanercept in severe
refractory asthma in which asthma control and
related quality of life were selected as the primary
clinical endpoints. We also measured a number of
biomarkers of inflammation in both blood and
sputum.

MATERIALS AND METHODS

Patients
The majority of patients were recruited from two
difficult asthma clinics at Southampton General
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and Queen Alexandra Hospitals, and others from Dorset
General and St Mary’s Isle of Wight Hospitals, UK. Asthma
was confirmed by the presence of objective assessments of
variable airflow obstruction and/or BHR. This included an
increase in FEV1 by at least 12% after inhalation of 400 mg of
salbutamol delivered by a metered dose inhaler and spacer, the

concentration of methacholine required to cause a 20% (PC20)
reduction in FEV1 of ,8 mg/ml (the latter only if subjects had a
predicted FEV1 of .50%). All patients also met the Global
Initiative for Asthma criteria for severe refractory asthma,
which included current treatment with oral prednisolone (2–
30 mg/day) and/or high dose inhaled corticosteroids
(.2000 mg/day beclomethasone equivalent) and long acting b2

adrenoceptor agonists. A high proportion of patients received
one or more theophyllines, leukotriene receptor antagonists and
nebulised salbutamol. Current smokers, subjects with a smok-
ing history of .10 pack years, other coexisting lung disease, a
history of tuberculosis, multiple sclerosis, systemic lupus
erythematosus or other autoimmune diseases were excluded.
Patients were also excluded from participation if they had a
history of upper respiratory tract infection within 2 months,
evidence of tuberculosis (PPD skin test .10 mm or positive
chest x ray), history of opportunistic infections within the
previous 6 months, previous malignancy and/or a history of
lymphoproliferative disease. All patients were considered
compliant with treatment by cross checking GP prescription
records or measurement of serum theophylline levels as
appropriate on a central primary and secondary care database.
Patients thought to have uncontrolled asthma as a consequence
of coexistent conditions such as gastro-oesophageal reflux,
rhinitis or occupational triggers were also excluded. Subjects
were asked not to alter any regular controller asthma medica-
tions during the study, although they were allowed to adjust
reliever medication use as necessary. Patient characteristics at
baseline are shown in table 1.

Study design
This was a double blind, parallel, randomised, placebo con-
trolled trial, which was approved by the SE Hampshire and Isle
of Wight Research Ethics Committee, and all patients provided
informed consent. The trial was investigator initiated and the
sponsors were not involved in the study design, data collection,
analysis or interpretation of the data. Sample size methods are
given in the appendix (available online). Patients attended the
clinic for a screening visit followed by an entry visit after a
minimum 2 week run-in period for baseline measurements and
to confirm eligibility. The study plan is given in fig 1. Patients
were randomly allocated at visit ‘‘0’’ to receive 50 mg of
etanercept or matched placebo by subcutaneous injections once
a week for 12 weeks as add on therapy to their current
medication. Selection of the dose and duration of treatment
were chosen from initial proof of concept studies of etanercept
in severe asthma4 8 and from the recent observation in patients
with active rheumatoid arthritis.11 Weekly physiological mea-
surements and diary card collections were made on the day of
the visit for treatment, which was administered by the
investigators/nursing staff. Randomisation was undertaken by
Wyeth Pharmaceuticals (Taplow, Berks, UK) using a permuted
blocks of four method. All patients were followed-up 4 weeks
after completion, and no change was made to the subjects’ regular
asthma medication during the 12 week treatment period.

Asthma Quality of Life and Control Questionnaires
The AQLQ was assessed at baseline and at the end of the
treatment phase, and the Asthma Control Questionnaire (ACQ)
at each weekly visit. A lower AQLQ score indicated increased
impairment, and a higher ACQ score indicated worsening
asthma control (questionnaire details are covered in the
appendix online).

Table 1 Characteristics of the patients at baseline

Characteristic
Placebo
(n = 20)

Etanercept
(n = 19)

Sex

Female 12 12

Male 8 7

Age (y)

Median 44.0 39.0

Range 22–66 18–69

Duration of asthma (y)

Median 30.0 28.0

Range 2–55 2–41

Corticosteroid use

OCS and ICS 9 12

ICS alone 11 7

Nebulised b2 agonist use

Number 7 7

Mean daily dose (mg/day) 12.5 13.6

Oral theophylline use

Number 7 10

Mean daily dose (mg/day) 617.6 612.5

Antidepressant use

Number 5 5

Asthma control

AQLQ (total score) 3.56 (1.15) 3.72 (1.05)

ACQ (total score) 3.07 (0.74) 3.34 (1.16)

Lung function

Actual FEV1 (l) 1.84 (0.78) 1.80 (0.62)

% Predicted FEV1 58.8 (17.8) 59.3 (17.7)

Forced expiratory ratio (FEV1/FVC) 0.63 (0.12) 0.60 (0.13)

FEV25-75 1.16 (0.78) 1.04 (0.61)

PEF

Morning PEF (l/min) 302 (88) 283 (91)

Evening PEF (l/min) 314 (89) 300 (98)

Diurnal variation in PEF 30.2 (28.5) 28.9 (27.7)

Average daily PEF (l/min) 308 (87) 291 (93)

PC20{(mg methacholine/ml) 2.49 (4.05) 1.92 (2.07)

Serum measurements

Eosinophils (6109/l) 0.53 (0.38) 0.40 (0.30)

Neutrophils (6109/l) 5.24 (2.05) 5.84 (2.80)

Albumin (g/l) 39.9 (3.57) 40.6 (2.71)

CRP (mg/l) 5.24 (4.12) 3.86 (3.36)

TNFa (pg/ml) 2.49 (1.31) 2.94 (5.85)

Total IgE (IU/ml) 395 (566) 595 (1084)

Sputum cells (n = 8 both groups)

*Eosinophils (%) 10 (6.1, 21) 4.0 (2.9, 5.9)

*Neutrophils (%) 40 (30, 53) 32 (20, 34)

*Macrophages (%) 44 (23, 55) 51 (43, 60)

Sputum cytokines (n = 8 both groups)

*IL6 (pg/ml) 43.1 (24.35, 80.1) 37.7 (22.6, 75.63)

*IL8 (pg/ml) 1696.2
(1157.9, 2282.5)

2500.5
(1710.8, 3548.6)

*IL1b (pg/ml) 0 (0, 54.4) 55.8 (39.55, 173.2)

All values are means (SD) unless stated.
*Values are median (IQR).
{n = 13 in the placebo and n = 11 in the etanercept group.
ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality of Life Questionnaire; CRP,
C reactive protein; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity;
ICS, inhaled corticosteroid; IL, interleukin; OCS, oral corticosteroid; PEF, peak
expiratory flow; TNFa, tumour necrosis factor a.
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Lung function
Baseline lung function was recorded as FEV1, forced
vital capacity (FVC) and expiratory ratio (FEV1/FVC) using
a Vitalograph Compact Spirometer (Vitalograph Medical
Instrumentation, Buckingham, UK) at baseline and at
weekly intervals throughout the trial. The forced expiratory
flow between 25% and 75% of FVC (FEV25–75, using
Vitalograph Electronic Compact II spirometer; Vitalograph
Medical Instrumentation, Kansas, USA) was measured at
baseline and at the end of treatment. Daily diary cards were
used to monitor morning and evening PEF using the Wright
mini peak flowmeter (Clement Clark International Ltd,
Harlow, UK).

Bronchial hyperresponsiveness (BHR)
BHR to inhaled methacholine was measured using the 5 breath
procedure (described by Chai and colleagues12) at visits 0 and 12.
For safety reasons, the test was conducted only on subjects
whose FEV1 was .50% predicted. Detailed methods are given in
the appendix online. The effect of treatment on BHR was
expressed as the change in doubling dilutions of methacholine
required to achieve a 20% fall in FEV1 before and after 12 weeks
of treatment, logarithmically transformed and a group mean
derived.

Sputum and serum biomarkers of inflammation
Venous blood collected at baseline and at the end of the
treatment was stored at 280uC. Sputum induction was
performed as previously described with aerosolised hypertonic
(4.5%) saline using an ultrasonic nebuliser (Devilbliss Ultraneb
2000, Pennsylvania, USA).13 For safety reasons, sputum induc-
tion was not undertaken on subjects with a baseline FEV1

,45% of predicted. Details on methods of sputum and serum
markers can be found in the appendix online.

Statistical analyses
The primary endpoints were the differences in change in the
mean score from baseline (visit 0) and the end of treatment
(visit 12) on the AQLQ, and change in mean scores from
baseline and the last two treatment visits (visits 11 and 12) for
the ACQ. Secondary endpoints were similar differences from
baseline to visit 12 for BHR, and to the last two treatment visits
for predicted FEV1, FEV1/FVC, morning, evening and average
daily PEF, and diurnal variation in PEF (calculated by the
difference in the evening and morning PEF values). Differences
from baseline for laboratory parameters in sputum and serum
were similarly analysed.

Figure 1 Plan of the study at screening, baseline enrolment, during 12 weeks of etanercept treatment or placebo and subsequent follow-up. ACQ,
Asthma Control Questionnaire; AQLQ, Asthma Quality of Life Questionnaire; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; PEF, peak
expiratory flow.

Figure 2 The plan of the study at screening, baseline enrolment, during
12 weeks of etanercept treatment or placebo and subsequent follow-up.
*Asthma uncontrolled because of other coexistent conditions (such as
bronchiectasis, rhinitis or gastro-oesophageal reflux).
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The distributions were assessed for normality by Shapiro–
Wilks tests and measurement of equality of variance ratios by F
tests. Differences between groups in clinical and laboratory
outcomes with a normal distribution were compared using
unpaired Student’s t tests or the Mann–Whitney U test for non-
normal distributions. The data were analysed using Stata
version 8 (Stata Corporation, College Station, Texas, USA)
and Statview Version 5.1 (SAS Institute, Cary, North Carolina,
USA). For missing data the intention to treat methodology was
used with missing values being ascribed by last observation
carried forward.

The proportion of patients experiencing exacerbations,
adverse events or withdrawing from nebulised b2 agonists
between treatment and placebo groups were compared by 262
contingency tables using x2 tests. We also explored relationships
between baseline characteristics, sputum or serum markers, or
changes in these parameters with the changes in the primary
and secondary endpoints by analyses of variance.

RESULTS

Baseline characteristics
A total of 59 patients were screened, 39 were enrolled in the study
and 19 patients were randomised to active treatment. Overall,
there were 20 patients who were excluded after screening (fig 2).
Details of age, gender, duration of asthma, lung function at
baseline medication usage and other characteristics are shown in
table 1. There were three withdrawals, two in the placebo group
at weeks 4 and 8 because of ‘‘ineffectiveness of treatment’’ and
one in the etanercept group at week 10 as a result of work related
stress. Overall, comparison of baseline values of AQLQ, ACQ,
lung functions and PC20 were not significantly different between
the two treatment groups (p.0.05 for all variables, table 1). Data
for AQLQ, ACQ and lung function before and at the end of
treatment were available in all patients completing the study.
Missing diary card data for PEF was ,5%.

Asthma Quality of Life and Control Questionnaires
Of the two primary endpoints, there were increases in mean
AQLQ scores for both treatment (1.03, 95% confidence interval
(CI) 0.64 to 1.39) and placebo (0.68, 95% CI 0.14 to 1.23) but
the difference between groups was not significant (p = 0.084)
(see fig 3A, table 2). There was however a significant difference
in reductions in mean ACQ scores between treatment (21.11
(95% CI 21.56 to 20.75)) and placebo (20.52 (95% CI 20.97 to
20.07); p = 0.030) (fig 4A, table 2).

Lung function and PEF
There were small increments in FEV1, per cent predicted FEV1

and FEV25–75 in the etanercept group compared with the
placebo group (where there were corresponding decrements),
but the differences between groups were not significant
(table 2). There were no significant differences in change in
morning or evening PEF, or diurnal variation in PEF. The forced
expiratory ratio (FEV1/FVC) improved in both groups over the
study period although the difference was not significant. The
average daily PEF (l/min) also improved over the study period
although the difference in improvements between groups was
not significant (fig 4B, table 2).

Bronchial hyperresponsiveness
Methacholine bronchoprovocation was performed in 13
patients in the placebo and 11 patients in the etanercept group.
There was a greater improvement in PC20 in favour of
etanercept compared with placebo, but the differences between
groups were not significant (fig 3B, table 2).

Sputum and serum biomarkers of inflammation
Sputum analyses were performed in eight patients in each group
(table 2). The differences in numbers of paired serum and
sputum samples available for analysis relate to difficulties in
venous sampling, quality of specimens and prioritisation of tests

Figure 3 (A–D) Differences between
groups for change in AQLQ, PC20, CRP
and albumin from baseline after 12 weeks
of treatment with etanercept or placebo.
The bars represent means in AQLQ, CRP
and albumin, but geometric mean for
PC20. *One subject in the etanercept
group failed to achieve a 20% fall in FEV1

at the highest concentration of
methacholine and a conservative estimate
was obtained by calculating the
cumulative PC20 on the next doubling
concentration beyond the highest
administered (ie, 32 mg/ml). AQLQ,
Asthma Quality of Life Questionnaire;
CRP, C reactive protein; FEV1, forced
expiratory volume in 1 s.
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for less sufficient clinical samples. Serum TNFa levels were very
low at baseline in most of the patients studied but increased
dramatically after 12 weeks of etanercept but not placebo
treatment (p,0.001) (table 2). There was a significant reduction
in CRP in the etanercept group (21.162 mg/l (95% CI 22.003 to
20.321)) compared with placebo (20.286 g/l (95% CI 21.706 to
1.134); p = 0.029) (fig 3C), and a significantly greater improve-
ment in serum albumin in the etanercept group (1.00 g/l (95%
CI 0.12 to 1.87)) compared with placebo (20.47 g/l (95% CI
21.43 to 0.49); p = 0.022) (fig 3D, table 2).

Levels of interleukin (IL)6 and IL1b in sputum supernatants
were reduced following treatment in the etanercept group but
the differences between groups were not significant. There was
a small but non-significant increase in sputum eosinophils and

neutrophils in the etanercept group. There was a significant
reduction in sputum macrophages in the etanercept group
(20.096106/g (IQR 20.265 to 20.008) compared with placebo
(0.116106/g (IQR 20.033 to 0.195); p = 0.017) (table 2).

Other events
There were seven subjects in each group who required regular
high dose nebulised salbutamol (table 1). Four subjects in the
etanercept group voluntarily discontinued their nebulised
bronchodilators by the end of the study compared with none
in the placebo group (p = 0.018). There were equal numbers of
asthma exacerbations and upper respiratory tract infections in
both treatment groups. Other reported adverse events were
mild but local injection site reactions, and skin rashes were more

Table 2 Changes in clinical and laboratory outcomes from baseline after 12 weeks of active treatment or placebo

Placebo Etanercept

Mean Mean

n Before After Diff (95%CI) n Before After Diff (95%C) p Value

Clinical outcomes

AQLQ

Score (0–7) 20 3.57 4.26 0.68 (0.14, 1.23) 19 3.74 4.76 1.03 (0.64, 1.396) 0.084

ACQ

Score (0–7) 20 3.08 2.56 20.52 (20.97, 20.07) 19 3.35 2.24 21.11 (21.56, 20.75) 0.037

Lung function

Actual FEV1 (l) 20 2.01 1.89 20.11 (20.34, 0.12) 19 1.85 1.88 0.03 (20.12, 0.19) 0.282

% Predicted FEV1 20 64.20 61.30 22.75 (29.75, 4.25) 19 60.31 61.57 1.01 (24.56, 6.57) 0.387

Expiratory ratio (FEV1/FVC) 20 0.63 0.67 0.04 (0.01, 0.07) 19 0.61 0.67 0.06 (0.02, 0.11) 0.232

FEV25–75 20 1.15 1.10 20.05 (20.28, 0.17) 19 1.03 1.12 0.09 (20.14, 0.33) 0.240

PEF

Morning PEF (l/min) 20 302.1 312.2 10.10 (26.49, 26.69) 19 283.3 310.75 27.31 (21.38, 56.01) 0.332

Evening PEF (l/min) 20 314.29 320.50 6.79 (28.56, 22.14) 19 300.01 317.01 17.00 (28.18, 42.17) 0.467

Diurnal variation in PEF 20 10.41 9.90 20.51 (25.17, 6.20) 19 10.69 4.13 26.56 (212.69, 20.43) 0.095

Average PEF (l/min) 20 308.0 316.5 8.45 (25.94, 22.84) 19 291.7 313.9 22.15 (23.83, 48.15) 0.276

PC20

Geometric mean (mg methacholine/ml) 13 0.54 0.56 0.06{ (21.22{, 1.34) 11 1.06 2.03 0.94{ (20.77{, 2.65)

0.366*{

Serum

Cells, inflammatory markers

Eosinophils (6109/l) 19 0.530 0.401 20.131 (20.267, 0.004) 18 0.400 0.472 0.050 (20.154, 0.254) 0.125

Neutrophils (6109/l) 19 5.270 5.459 0.189 (20.741, 1.120) 18 4.896 5.724 0.828 (20.139, 1.794) 0.323

Albumin (gm/l) 17 38.36 37.89 20.470 (21.434, 0.493) 16 39.29 40.29 1.000 (0.128, 1.871) 0.022

CRP (mg/l) 15 5.245 4.959 20.286 (21.706, 1.134) 14 3.859 2.697 21.162 (22.003, 20.321) 0.029

TNFa (pg/ml) 18 2.490 2.006 20.485 (21.084, 0.114) 18 2.943 57.41 54.47 (50.33, 58.60) ,0.001

Total IgE (IU/ml) 17 357.1 331.13 226.04 (280.21, 28.13) 16 629.1 621.43 27.73 (2135.2, 119.7) 0.778*

Sputum

Mean Mean

n Before After Diff (IQR) n Before After Diff (IQR) p Value

Cells

Eosinophils (%) 8 10 11 25.1 (213.2, 3.8) 8 4.1 11 8.0 (2.4, 15.7) 0.098*

Neutrophils (%) 8 37 25 213 (226.8, 5.8) 8 33 30 2.1 (21.5, 20.7) 0.204*

Macrophages (%) 8 44 52 11 (23.3, 19.5) 8 48 30 28.9 (226.5, 20.8) 0.017*

Cytokines

IL6 (pg/ml) 8 43.10 33.90 21.90 (22.03, 66.88) 8 37.70 25.75 27.25 (233.45, 23.88) 0.216*

IL8 (pg/ml) 8 1696.2 2318.5 1496.3 (210.45, 1799.33) 8 2500.5 2891.9 0.00 (2889.93, 892.80) 0.098*

IL1b (pg/ml) 8 0.00 0.00 0.00 (23.60, 0.00) 8 55.80 0.00 255.80 (2131.90, 24.45) 0.308*

The table refers to the differences in change in outcome between the mean of visit 0 and mean of visits 11 and 12 for all outcomes except AQLQ, PC20, FEV25–75, and sputum and
serum samples, which refer to the change between visit 0 and 12.
n is the number of patients or paired serum and sputum samples available for analysis for clinical or laboratory outcomes, respectively.
*Non-parametric Mann–Whitney U tests used; all others are Student’s t tests.
{The doubling dilution is the difference in the log PC20 before and after treatment divided by log 2.
ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality of Life Questionnaire; CRP, C reactive protein; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; ICS,
inhaled corticosteroid; IL, interleukin; OCS, oral corticosteroid; PEF, peak expiratory flow; TNFa, tumour necrosis factor a.
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common in the etanercept group (p = 0.014 and p = 0.030,
respectively). One patient in each group was admitted to
hospital for exacerbation of asthma, with a hospital length of
stay of less than 48 h for both. There were no other serious
adverse events. Details on adverse events are in the appendix
online.

Follow-up
The majority of patients had changes in AQLQ and ACQ scores,
and reductions in daily PEF and FEV1 commensurate with
deterioration in asthma control and quality of life 4 weeks after
the study, but the differences between groups were not
significant (data not shown). There were also no serious or
minor adverse events at follow-up.

DISCUSSION
This study of etanercept in patients with severe refractory
asthma has shown an improvement in one of our two primary
endpoints. There was a small but significant improvement in
asthma control assessed by questionnaire (ACQ) but not AQLQ
after 12 weeks of treatment. There were no improvements in
the secondary endpoints of lung function, PEF or BHR (in the
small number of subjects in whom challenge was possible).
There were no serious adverse events, although minor injection
site reactions and skin rashes were more common in the
etanercept group, and the rate of exacerbations of asthma was
the same in both groups.

It is possible that those patients in the etanercept group
reporting voluntary withdrawal of nebulised bronchodilators at
the end of the study (compared with none on placebo) could
have augmented the observed improvement in AQLQ and ACQ
scores. The time course over which changes after etanercept
therapy may occur are not known, although based on our
previous study and a recent small crossover trial of etanercept in

severe refractory asthma which demonstrated improvements
after 10 weeks of therapy, we sought to examine similar
changes in outcome after 10 weeks by comparing differences
from baseline with the mean of weeks 11 and 12, rather than
week 12 alone. The treatment duration was chosen based on the
previous trials with etanercept4 8 and initial trials in rheumatoid
arthritis where etanercept was used as a treatment option for
12 weeks.14 Also, administration of treatment once weekly was
based on prior studies in rheumatoid arthritis.11 The majority of
patients were recruited mainly from two centres, and assess-
ment of recruitment site showed no interaction with any of the
outcomes or treatment effects in analyses of covariance with a
full effects model (data not shown).

Improvements in the primary and secondary endpoints were
seen in both the placebo and treatment groups, although only
differences in ACQ scores were significantly different between
the groups. A within group change of 0.5 in scores on the ACQ
(and AQLQ) is considered clinically significant15 16 and we found
a between group difference of 0.59. Increased compliance with
treatment on recruitment into the study is unlikely to explain
the discrepancy as we checked compliance by examining
prescription records, clinic attendances and pre-enrolment blood
tests, and excluded two patients in the screening period in
whom non-adherence to therapy was thought to be significant.
Alternatively, it is probable that patients affected by depression
as a result of their underlying chronic medical condition are
more likely to experience high placebo response rates (see post
hoc analyses in the appendix online).17 18 When the observations
were restricted to patients not taking antidepressants, the
differences in improvement in both ACQ and AQLQ scores
became more significant between etanercept and placebo
compared with differences when the groups were combined.
We observed between group differences in ACQ and AQLQ
scores of 0.93 and 0.58, respectively, both above the minimal
important changes. Despite the potential limitations of such a
post hoc analysis, this finding leads us to suggest that future
trials of severe refractory asthma should evaluate coexistent
depression and anxiety in this subgroup of asthma patients, in
addition to asthma specific measures such as the AQLQ and
ACQ.

We had calculated the sample size in our study on expected
differences in AQLQ and ACQ based on our previous study, but
a large proportion of patients enrolled into the study remained
too severe to have safely performed methacholine challenge.
Therefore, the effect on methacholine BHR may have been
underestimated because of the small numbers, even though
some patients in the etanercept group showed significant
‘‘within patient’’ differences. It is possible that the improve-
ments in lung function were also not demonstrated because the
sample size was calculated on other primary endpoints.
Furthermore, it is unlikely we included any patients with
hitherto unrecognised chronic obstructive pulmonary disease as
the diagnosis of asthma was confirmed in each patient and
smokers were excluded. However, we studied patients with
asthma with very severe airflow obstruction (mean per cent
predicted FEV1 58–59%) and it is possible that we included some
with ‘‘fixed’’ airflow obstruction as we did not perform
assessments of ‘‘corticosteroid responsiveness’’ in the screening
or recruitment period.3 If the airway obstruction was relatively
fixed this would reduce the possibility of any improvement.
Another possible explanation is that the study measured the
post-bronchodilator FEV1 at each visit, and if patients con-
firmed having taken a short acting b2 adrenoceptor agonist
within an hour of the visit, a further bronchodilator was not

Figure 4 Changes in (A) Asthma Control Questionnaire (ACQ) scores
and (B) mean daily peak expiratory flow (PEF) over the 12 week study
period.
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administered again; we therefore could not prove with certainty
that every measurement of FEV1 was after a bronchodilator.

The disparity between impacts on quality of life and disease
control in severe asthma and lack of efficacy in lung function
has been highlighted in clinical trials of other biological
therapies such as anti-IgE treatment.19 20 We have similarly
demonstrated significant improvements in asthma control and
quality of life (in patients not on antidepressants), but not lung
function. Trials of etanercept in other chronic diseases such as
rheumatoid arthritis and psoriasis10 have also revealed a
disproportionate effect on symptoms or quality of life scores,
raising the possibility that in these disorders as well as in
asthma TNFa generated in the inflamed organ may have
systemic or extrapulmonary effects21 and that the discrepancy
between quality of life and lung function in severe asthma have
different mechanisms of effect.22 We measured the acute phase
reactants CRP and albumin as surrogates of systemic inflam-
matory activity, and confirmed that levels of CRP decreased
by a mean 1.162 mg/l and serum albumin increased by a mean
1 g/l in the etanercept group compared with placebo. Both
changes occurred within the normal range for healthy adults,
using robust assays applicable to most hospital laboratories,
even though it is recognised that standard assays for CRP may
not be sensitive enough to detect levels of systemic inflamma-
tion close to the normal range, as in this study. Other studies
have recently reported elevated levels of CRP in mild ‘‘cortico-
steroid naı̈ve’’ asthma23 and chronic obstructive pulmonary
disease,24 and further investigation of this effect in severe
asthma using high sensitivity CRP assays are warranted. Our
results indicate reduced systemic inflammation with etanercept
therapy in asthma, in keeping with similar observations of
reduced CRP in rheumatoid arthritis and ankylosing spondylitis
after TNF blockade.25 26 In this study, the baseline serum CRP or
albumin did not predict any of the clinical responses. Overall,
these observations support the view that refractory asthma may
be a systemic inflammatory disorder and that TNF blockade
may be important in the systemic manifestations of the disease.

Despite previously having shown that TNFa is increased in
bronchoalveolar lavage fluid (BALF) and bronchial biopsies in
patients with severe asthma,4 in keeping with others,27 we were
unable to detect any TNFa in the sputum of patients despite
the high sensitivity and specificity of the assays. One explana-
tion for this is the effects of dithioerythritol or other media used
in recovery of mediators in sputum, which can reduce cytokine
recovery.28 We were able to detect other cytokines (IL6, IL8 and
IL1b) in preference to TNF, suggesting this effect of laboratory
processing less likely. We did nevertheless detect highly
immunoreactive TNFa in serum after etanercept therapy
compared with placebo, which most likely represents TNFa
bound to the etanercept fusion protein,29 but not in the sputum
following treatment. This demonstrates that while we were
unable to detect this cytokine in the circulation at baseline,
etanercept therapy was very effective in binding to TNFa to
render it biologically inactive and is consistent with similar
observations in the BALF of patients with mild asthma treated
with etanercept.29 Previous studies have suggested that elevated
levels of IL6 and IL1b in BALF is indicative of symptomatic
asthma,30 and in this study levels of IL6, IL8 and IL1b were all
reduced in the sputum of patients treated with etanercept
compared with placebo, although none was significant. This is
consistent with our previous observations and that of others.8

One point of interest is that sputum macrophages were
significantly reduced in the etanercept group compared with
placebo, while small but non-significant increases in eosinophils

and neutrophils were observed in patients after etanercept
therapy. The level of sputum macrophages at baseline did not
consistently influence any of the main outcomes in the small
numbers of patients with available data.

Etanercept treatment was generally well tolerated with no
serious adverse events other than one patient in each group
admitted to hospital for an exacerbation of asthma. There was
however a small increase in local injection site and skin
reactions in the etanercept group. We also evaluated the
number of asthma exacerbations and upper respiratory infec-
tions, and did not find any differences between groups, in
contrast with another recent study of anti-TNF therapy in less
severe asthma.9

In summary, this randomised controlled trial adds some
support for the role of TNFa in the pathogenesis of severe
corticosteroid refractory asthma. It confirms small improve-
ments in asthma control and systemic inflammation after
12 weeks of etanercept therapy compared with placebo. Larger
multicentre, placebo controlled, randomised controlled trials
adequately powered for each clinical outcome, especially BHR,
are now required to evaluate this therapeutic option in patients
with severe asthma.
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