
Thorax 1992;47:349-354

Auranofin in the treatment of steroid dependent
asthma: a double blind study

G Nierop, W P Gijzel, E H Bel, A H Zwinderman, J H Dijkman

Abstract
Background Long term administration
of oral corticosteroids in patients with
asthma may be associated with serious
side effects. Non-steroidal anti-inflam-
matory drugs, including gold salts, have
been shown to reduce the need for sys-
temic corticosteroid treatment in uncon-
trolled studies. The effect of oral gold
(auranofin) on asthma symptoms, lung
function, and the need for oral pred-
nisone treatment was investigated.
Methods A 26 week randomised, double
blind, placebo controlled, parallel group
trial of auranofin was performed in 32
patients with moderately severe chronic
asthma who required an oral cortico-
steroid dose of at least 5 mg prednisone a
day (or equivalent) or 2 5 mg/day pred-
nisone plus more than 800_g/day inhaled
corticosteroids. Auranofin was given
orally in a dose of 3 mg twice daily.
Asthma symptoms, lung function, and
adverse effects were assessed at regular
intervals. After 12 weeks of treatment
prednisone dosage was tapered down by
2 5 mg every two weeks if the patient was
clinically stable. Asthma exacerbations
were treated with short courses of high
doses of oral steroids.
Results Twenty eight of the 32 patients,
13 in the placebo group and 15 in the
auranofin group, completed the study.
The total corticosteroid reduction
achieved after 26 weeks of treatment was
significantly greater (4 mg) in the auran-
ofin group than in the placebo group
(0-3 mg). The number of exacerbations
requiring an increase of steroids was
greater in the placebo group (2-1) than in
the active group (0-9). A significant
increase in FEV1 of 6-4% predicted
occurred in the auranofin group during
the study and there was a reduction of
asthma symptoms such as wheezing and
cough. There was no difference between
the groups in peak flow measurements or
in the number of asthma attacks. The
incidence of side effects of auranofin was
low, but exacerbations of constitutional
eczema were noticeable.
Conclusion Auranofin provides an effec-
tive adjunct to treatment for steroid
dependent asthma, leading to a reduc-
tion of oral steroid dose.

Airway inflammation plays a major part in the
pathogenesis of bronchial hyperresponsive-
ness and asthma.'2 Topical drugs with anti-

inflammatory activity, such as inhaled corti-
costeroids, sodium cromoglycate, and
nedocromil sodium, are being prescribed on a
large scale to all types of asthmatic patients.34
These drugs improve asthma symptoms,57
prevent the increase in bronchial responsive-
ness after inhalation of allergen,8 and reduce
bronchial hyperresponsiveness in allergic and
non-allergic patients with asthma of mild to
moderate severity.9 10 Some asthmatic
patients, however, are refractory to even high
doses of topical anti-inflammatory drugs and
require systemic anti-inflammatory treatment.
Oral and intravenous glucocorticosteroids are
still considered the most effective treatment for
severe asthma," but their long term adminis-
tration may be associated with serious and
sometimes irreversible side effects.'2 13

In some chronic inflammatory diseases, such
as rheumatoid arthritis, other types of sys-
temic anti-inflammatory drugs or steroid spar-
ing agents,. including gold salts and metho-
trexate, have been used.1' Parenteral gold salts
have been used to treat asthma for some time
in Japan, with symptomatic improvement and
a reduced need for corticosteroids." 6 Some
evidence of a benefit from oral gold treatment
was reported in two Anierican studies on
patients with steroid dependent asthma,'7 18 a
steroid sparing effect'718 and reduction in air-
way hyperresponsiveness to methacholine'8
being observed after 16-22 weeks of treat-
ment. A comparative study of auranofin (oral
gold) and parenteral gold has shown that the
withdrawal rate due to adverse reactions was
twice as high with parenteral gold.'9 Although
the precise mechanism of action of auranofin is
unknown, its effects are likely to be due to its
anti-inflammatory and immunoregulatory

-121activity.
Oral gold may therefore modulate the

immune response in asthma and reduce the
inflammatory process in the airway wall,
thereby attenuating asthma symptoms and
reducing the need fot systemic corticosteroid
treatment. The effect of auranofin on asthma
symptoms, lung function, and the require-
ment for concomitant treatment was therefore
investigated.

Methods
SUBJECTS
Thirty two adults (17 male, 15 female), mean
age 52-4 (range 28-72) years, with a diagnosis
of moderately severe asthma22 were recruited
from the outpatient clinic of the department
of pulmonary diseases of the Leiden Univer-
sity Hospital. All patients gave informed con-
sent to participating in the study, which was
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Table I Characteristics of the subjects

FEV, PC20
Patient
No Sex Age (y) I % pred Variability (%) mg/ml

PLACEBO
1 M 68 0-96 33 20 ND
2 M 41 1-36 37 41 ND
3 M 55 1-32 41 16 ND
4 F 54 1 00 47 15 ND
5 F 72 0-98 51 22 ND
6 F 43 1-45 52 31 ND
7 F 55 1-88 59 15 <0-01
8 M 45 245 60 16 <0-01
9 F 55 1-50 63 18 1-0
10 M 50 2-60 70 22 1-0
11 F 51 1 75 77 21 2-0
12 M 28 3-12 89 15 *
13 F 34 3-24 97 18 4-0

Mean 50-1 59-7
SD 12-23 19-45

AURANOFIN

14 M 63 0-42 14 26 ND
15 M 45 1-01 26 40 ND
16 M 57 1-05 33 19 ND
17 M 65 1-31 39 31 ND
18 M 62 1-39 44 28 ND
19 F 50 1 00 47 30 ND
20 F 50 1-48 60 19 0-05
21 F 44 1-55 60 33 0-25
22 F 37 2-07 61 71 0-30
23 M 51 2-01 65 34 *
24 M 55 2-62 66 28 1-0
25 F 69 1-60 89 14 0-25
26 F 49 2-41 95 16 4-0
27 F 57 2-20 98 31 0-38
28 M 67 3-20 100 57 1-0

Mean 54-7 59-8
SD 9-29 27-78

*Test not understood because of language difficulties.

approved by the hospital ethics committee.
Table 1 summarises the subjects' characteris-
tics at their entry into the study. All patients
had a history of episodic cough, dyspnoea,
and wheezing, which had lasted from two to
40 years. Mean baseline FEVy was 59-7%
(range 33-97%) of the predicted value23 in the
placebo group and 59-8% (14-100%) in the
auranofin group. In all subjects 400 jg of
inhaled salbutamol caused a rise in FEV, of at
least 15%. In subjects with an FEV, of more
than 1500 ml a challenge test with inhaled
histamine was performed. In these subjects
the provocative concentration causing a 20%
fall in FEV, was less than 8 mg/ml.24 Three
subjects in the placebo group and seven
subjects in the auranofin group were atopic as
shown by a positive response to 13 common
allergens in the radioallergosorbent test
(RAST). Fifteen patients were lifelong non-
smokers, 11 were ex-smokers (having stopped
smoking at least 12 months previously), and
two were current smokers. All except three
patients were receiving inhaled cortico-
steroids, at least 800 Mg/day. The individual
dose of inhaled steroids remained constant
during the study. Three patients could not
tolerate topical corticosteroids because of side
effects (cough and dyspnoea after inhalation).
All patients had required at least 2-5 mg oral
prednisone a day for at least one year before
entering the study (mean duration 7-8 (range
1-35) years in the placebo group and 6 (range
1-18) years in the auranofin group).

PULMONARY FUNCTION
Measurements of FEVy and vital capacity
were performed with a dry rolling seal
spirometer (Mijnhardt Volugraph 2000).
Inhaled bronchodilators were discontinued
for eight and long acting theophyllines for 12
hours before testing. Peak flow rates were
measured with a mini Wright peak flow meter

(Airmed, London) in the daytime (on waking)
and at night (just before bedtime). The best of
three readings was recorded.

STUDY DESIGN
The study had a parallel group, double blind
and placebo controlled design. The study con-

sisted of a pretreatment baseline period of one
week and a treatment period of 26 weeks.
Baseline assessments during the pretreatment
period included a medical history, a physical
examination, and laboratory tests (full blood
count, platelet count, serum biochemistry and
urine analysis). The patients were given a

diary card to record asthma symptoms
(wheezing, breathlessness, chest tightness,
cough), exacerbations on a 0-4 scale, and peak
expiratory flow (PEF) during both day and
night. At the end of the pretreatment period
(day 0) spirometry was performed and symp-
tom scores for the preceding seven days were

added to form a baseline symptom score. On
day 0 the patients were randomly allocated to
two parallel treatment groups, receiving either
auranofin or placebo. They received either
auranofin 3 mg (Smith Kline Beecham
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Duration Prednisolone
of

Smoking asthma ICS Dose Months of Other
RAST history (months) (mg/day) (mg/day) treatment drugs

- Ex 36 2000 5 30 abt
- Ex 300 1600 15 96 abct
- + 180 800 5 72 ab
+ Ex 84 None 7-5 60 bt
- - 300 800 10 300 bh
- Ex 24 800 5 18 bt
+ - 120 1000 10 18 bt
- Ex 120 2400 12-5 72 bt
- Ex 480 1000 5 420 abt
- - 120 1000 7-5 48 bc
- - 240 None 10 12 abt
+ - 240 2000 20 36 abt
- Ex 36 800 10 36 t

Mean 175-4 9-4 93-7
SD 132-77 4-47 123-17

- + 120 1200 5 24 abt
- - 192 1600 7-5 120 b
+ - 480 None 15 84 b
+ - 660 800 7-5 12 bct
- Ex 36 2000 5 30 bht
- - 120 800 2-5 120 bc
- Ex 540 1600 5 18 abt
+ - 360 1000 2-5 24 bct
+ - 240 1000 6-3 192 bt
+ - 18 1600 15 12 abt
- - 120 800 2-5 60
- Ex 60 800 2-5 10 bt
+ - 96 1600 7-5 36 bt
+ - 420 1600 5 24 bcht
- Ex 216 2000 10 216 bht

Mean 245-2 7-6 65-5
SD 200 09 5-31 67-25

RAST-radioallergosorbent test; a-anticholinergic; b-#2-agonist; c-eromoglycate;
a-antihistamine; t-theophylline; ICS-inhaled corticosteroids.

Laboratories, Philadelphia) once a day for the
first two weeks and then 3 mg twice a day for
the following 24 weeks, or matched placebo
for the 26 weeks. Regular asthma drugs,
including inhaled broncho-dilators and theo-
phyllines, were continued in the usual dosage
during the trial.
The patients visited the hospital every two

weeks for physical examination and assess-
ment of symptoms, their need for other
medication, and side effects. All were seen by
the same physician (GN) throughout the
study. Blood tests were repeated every two
weeks for the first 10 weeks and every four
weeks for the remainder of the study.
Spirometry was carried out after 12 and 26
weeks of treatment. If after 12 weeks' treat-
ment the patient was clinically stable accord-
ing to the diary card, symptoms, and
spirometric results, oral prednisone was
tapered down by 2-5 mg at each two weekly
visit. When clinical deterioration occurred
oral corticosteroid treatment was intensified
temporarily (prednisone 25 mg/day, tapered
down by 5 mg/day every two days) and often
an antibiotic was added. The decision to
increase the steroid dose was made by the
investigator physician on clinical criteria-
namely, symptoms of an upper respiratory
tract infection with pyrexia, increase in
asthma symptoms (wheezing, breathlessness,
chest tightness, cough), no sustained response
after inhalation of bronchodilators, or a

decrease in mean daytime or night-time peak
flow of at least 10% over the previous seven
days. At the end of the treatment period there
was a final physical examination and labora-
tory test and a global assessment by the
physician of the efficacy of the treatment.

ADVERSE REACTIONS
All adverse reactions observed by the inves-
tigator or reported by the patient were recor-
ded. Haematological abnormalities were con-
sidered significant if there was a fall in the
platelet count of more than 100 x 109/l or
leucopenia (leucocytes < 3 0 x 109/1).
Repeated proteinuria (1+ proteinuria on
more than one occasion) was considered to be
a serious adverse reaction. When gastrointes-
tinal symptoms such as diarrhoea occurred,
the dose of auranofin was temporarily reduced
to 3 mg daily for up to two weeks. The auran-
ofin dose was increased to 3 mg twice daily
once the symptoms had resolved. When
eczema became worse a topical low grade
corticosteroid ointment or an oral antihis-
tamine drug (or both) was started. Patients
with extensive persistent eczema resistant to
treatment were withdrawn from the study.

STATISTICAL ANALYSIS
Differences between patients receiving auran-
ofin and placebo were tested by the Mann-
Whitney U test and the x2 test. Differences in
changes over time between the auranofin and
the placebo group were tested by repeated
measures analysis of variance with week
number as a covariate. As steroid use was
irregular, change in steroid use with time was
characterised by the Spearman rank correla-
tion coefficient, calculated for each patient and
averaged for the patients receiving auranofin
and placebo.
As we had a sample of 13 subjects in each

group and knew the standard deviation of the
differences in daily prednisone dosage in the
placebo group (5-2 mg), the power of the
analysis was 0-8 (beta = 0-2) to detect a
change greater than 50 mg prednisone/day
when a = 0-05 (one tailed).

Table 2 Daily prednisone dose at week 0 and week 26
for each individual

Placebo Auranofin

Patient Patient
No Week 0 Week 26 No Week 0 Week 26

1 5 0 14 10 15
2 20 15 15 5 2-5
3 5 0 16 15 7-5
4 5 5 17 10 5
5 15 20 18 20 20
6 5 0 19 2-5 05
7 10 15 20 5 10
8 15 20 21 20 5
9 5 25 22 6-3 1-4
10 10 10 23 10 0
11 7-5 10 24 2-5 0
12 20 20 25 2-5 0
13 10 10 26 10 0

27 5 0
28 10 5

Mean 11 10-7 9.3 5-3
SD 6-35 7-33 6-34 6-19
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auranofin group and - 0-22 (0-47) in the
placebo group (p = 0-036). When the mean
(SD) daily steroid doses for the first two weeks
and the last two weeks of treatment were

.. compared, there was a reduction from 9-3
(6-34) to 5-3 (6-19) mg in the auranofin group-;-........;.(p = 0-007) but no significant reduction in the------------- placebo group (from 11-0 (6-35) to 10-7
(7-33) mg; p = 0-48). The difference between
the two groups, however, was not quite signifi-
cant (p = 0-056). Five of the 15 patients in the
auranofin group and three of the 13 patients in
the placebo group were able to discontinue
prednisone completely before the end of the

, I , study. At the end of the study all patients
0 20 40 60 80 100 120 140 160 180 200 having active treatment but only three patients

Days from start of treatment having placebo treatment preferred to continue
their new medication.

Figure I Mean daily dose of oral corticosteroids during the study in the placebo group
(dotted lines) and in the auranofin group (continuous lines).

Results
Of the 32 patients, 28 completed the 26 week
trial. One patient (placebo group) was with-
drawn because of non-compliance with the
protocol and three (two in the auranofin and one
in the placebo group) because of serious
eczema, resistant to topical treatment and anti-
histamines. Of the 28 evaluable patients, 15
received auranofin and 13 placebo. There were
no significant differences in sex, age, atopic
status, proportion of smokers and ex-smokers,
duration of asthma, or duration of cortico-
steroid dependency between the two groups
(table 1).

REDUCTION OF ORAL CORTICOSTEROIDS
There was no difference in the mean daily dose
ofprednisone between the two groups on entry
into the study (p = 0-17). The mean change in
the mean daily dose of oral corticosteroids is
shown in figure 1. The pattern of steroid use
was very irregular, but there was a reduction
with time in both groups. The reduction was
greater in the auranofin group than in the
placebo group, the mean Spearman rank cor-
relation coefficient (SE) between day number
and daily steroid dose being - 0-54 (0-43) in the

-~40

3u

LL

'vVeev ee Week 26

Figue 2 Mean valuesfor FEV, (SE) measured in weeks 1, 12, and 26 in the placebo
group (hatched columns) and in the auranofin group (solid columns).-

HIGH DOSE PREDNISONE COURSES
The mean (SD) number of courses of high
doses of oral steroids during the study was
lower for the auranofin group (0-9 (1.22)) than
for the placebo group (2-1 (1-66); p = 0-02).

LUNG FUNCTION
There was no significant difference in FEV1
between the two groups on entry into the study
(p = 0-93). Values for FEV1 measured in weeks
1, 12, and 26 are shown in figure 2. Mean (SE)
FEV1 as % predicted increased from 59-8
(26-8) to 66-2 (29-6) in the auranofin group and
decreased from 59-7 (19-45) to 50-2 (14-0) in the
placebo group. The mean (SD) slopes of the
regression lines between week number and
FEV1 were significantly different between the
two groups, being 0-25-(0-03) and -0-36 (0-13)
respectively (p < 0-0001).

DIARY CARD ANALYSIS
Peakflow measurements
Daytime and night time peak flow measure-
ments over time are shown in figure 3. There
were no significant changes in daytime or night
time peak flow measurements over time within
the two groups (p > 0-94), nor were there
significant differences inpeak flow changes over
time between the groups (daytime p > 0-19;
night time p > 0-48).

Asthma symptoms
The number of days and nights per week with
wheezing and the severity of coughing score
during the day and during the night are shown
in figure 4. The mean number of days and
nights per week with wheezing did not change
over time in the placebo group (p < 0-24 and
<0-41), but decreased from 4-6 to 3-4 days/
week and from 4-3 to 3-4 nights/week in the
auranofin group (p < 0-0002). The changes
were significantly different between the two
groups (p < 0-02 and < 0-04). The severity of
daytime and night time coughing (calculated as
the cumulative daily score (0-4) during the
week before each visit) did not change sig-
nifcantly overtime in theauranofingroup (from
5-1 to4-4duringtheday(p > 0-16)and4-0to
4-7 during the night (p > 0-06)). In the placebo
group there was an increase from 4-8 to 9-3
during the day (p = 0-03) and from 6-8 to 10-9
during the night (p = 0-0002). The changes
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Figure 3 Mean valuesfor daytime (open symbols) and night time (closed symbols)
peakflow measurements in the placebo group (continuous lines) and the auranofin group
(dotted lines).

differed significantly between the two groups

(p = 0 01 and 0-02). There were no significant
changes over time in number of days per week
with breathlessness or chest tightness.

Number of asthma attacks
The number of asthma attacks decreased with
time in both groups, with a slight trend in
favour ofthe auranofin group (p = 0-04). There
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Figure 4 A-Mean number of days (open symbols) and nights (closed symbols) with
wheezing in the placebo group (circles, dotted lines) and in the auranofin group (squares,
continuous lines) during the study. B-Mean coughing severity score during days (open
symbols) and nights (closed symbols) in the placebo group (circles, dotted lines) and in
the auranofin group (squares, continuous lines) during the study.

was no difference between the groups in the
duration of the attacks (p = 0 56).

SUBJECTIVE ASSESSMENTS
The physicians' global assessment rated the
condition of 1 1 of the 15 patients in the
auranofin group as being improved, compared
with three of the 13 patients in the placebo
group (p = 0-02).

ADVERSE REACTIONS
Apart from the two patients having auranofin
who were withdrawn because of serious and
resistant eczema, two further patients receiving
auranofin developed transient mild eczema,
with a good response to symptomatic treat-
ment. They were able to continue auranofin in
the normal dose. Nausea (three patients) and
diarrhoea (one patient) occurred in patients
taking auranofin and improved with reduction
ofthe auranofin dose to 3 mg/day for two weeks.
No significant changes in haematological or
serum biochemical measurements or urine
analysis were observed.

Discussion
The present study shows that oral gold (auran-
ofin) reduces the daily requirement of oral
corticosteroids and improves baseline FEV, in
steroid dependent asthmatic patients. The
auranofin group had fewer exacerbations
requiring short courses of high dose steroids
than the placebo group. There was an im-
provement ofasthma symptoms such as wheez-
ing and cough, and the physicians' assessment
was in favour of auranofin. These results sug-
gest that auranofin may be helpful in patients
who require oral corticosteroids.
This is the first placebo controlled study to

show that oral gold has steroid sparing activity
in steroid dependent asthmatic patients. It
confirms and extends the results of previous
studies on the efficacy of gold injections
(chrysotherapy) in asthma,'5 16 and of two
uncontrolled studies on the steroid sparing
effect of oral auranofin.'7 18 In contrast to the
patients in these studies, most of our patients
had asthma with non-allergic features. In addi-
tion, our patients had on average had asthma
for longer and had lower baseline FEV, values.
We could not assess changes in airway respon-
siveness in these patients, because in most their
FEV, was too low for them to have an inhala-
tion provocation test. The severity and instab-
ility of the disease in our patients, who had
fairly "brittle" asthma, caused some difficulty
in the analysis. Short courses of high doses of
oral prednisone were frequently indicated for
exacerbations in addition to the maintenance
doses. These short courses interfered with the
linear relation between steroid dose and time,
and might have influenced the results nega-
tively. Despite this, both the number ofexacer-
bations and the maintenance dosage of steroids
were reduced in the auranofin group.
The mode of action of auranofin in asthma is

largely unknown, but various relevant
pharmacological activities have been defined.
Auranofin possesses anti-inflammatory and
immunoregulatory activity.20 It affects acute
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and chronic inflamtnatory events, and inhibits
tissue damaging events, such as lysosymal
enzyme release,25 superoxide release from
phagocytic cells,26 and antibody dependent
cellular cytotoxicity.20 Auranofin inhibits
cutaneous anaphylaxis reactions in rats2' and
reduces the anti-IgE induced release of hista-
mine in human basophils"2 and the calcium
ionophore induced formation of arachidonic
acid metabolites by human neutrophils, baso-
phils, and mast cells.2v3' Auranofin also inhibits
polymorphonuclear leucocyte chemotaxis,32
aggregation," and phagocytosis.34 As asthma is
characterised by an inflammatory process in the
airways,'2 these effects of auranofin may have
dampened this process and may have added to
the anti-inflammatory effects of oral cortico-
steroids.
There has been much concem about the side

effects of long term systemic gold treatment.
These include skin eruptions, stomatitis,
proteinuria, microscopic haematuria, and
haematological changes such as leucopenia and
thrombocytopenia.'9 In the present study the
incidence of side effects attributed to auranofin
was rather low. Two patients developed
moderately severe eczema, resistant to symp-
tomatic treatment. Gastrointestinal side effects
disappeared after reduction of the auranofin
dosage. Although the adverse effects of auran-
ofin were not compared directly with the
adverse effects of oral prednisone over the same
period in our study, our data suggest a favour-
able risk-benefit ratio of auranofin treatment, as
has been reported in other studies.'8
The results of this study may have clinical

implications. Our current understanding of the
pathogenesis of asthma suggests that long term
suppression of inflammation is the goal of
asthma treatment. Inhaled anti-inflammatory
drugs are usually effective, but in a few patients
oral corticosteroids are necessary to control the
disease. In view of the severity of the reported
side effects of high dose steroid treatment, the
minimal dose required to control asthma
should be used. Auranofin 6 mg daily for 26
weeks has a steroid sparing effect. The relatively
mild side effects of auranofin appeared to be
acceptable to most patients; only exacerbation
of constitutional eczema was a serious problem.
Our study suggests that the administration of
auranofin in some patients with severe steroid
dependent asthma may be justified. Studying
the effect of auranofin in patients requiring
higher doses of oral steroids and comparing
auranofin with oral prednisolone over a longer
period would be worthwhile.
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