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ABSTRACT: The treatment of chronic severe asthma is unsatisfactory for many
patients.  The aim of the study was to determine the effects of treatment of steroid-
dependent asthma with cyclosporin.

We performed a double-blind, placebo-controlled, randomized, parallel group
trial on the effect of cyclosporin on pulmonary function, asthma severity and taper-
ing of prednisone in 34 steroid-dependent asthmatics (mean oral prednisone dose:
16 mg·day-1).  The study consisted of: 1) baseline period (12 weeks); 2) experimen-
tal period divided into two parts: Part I (12 weeks) cyclosporin or placebo treat-
ment; Part II (22 weeks) cyclosporin or placebo treatment and oral prednisone
reduction; and 3) follow-up observation (8 weeks).  Asthma symptoms score, pul-
monary function tests (daily peak expiratory flow (PEF) and bi-weekly forced vital
capacity (FVC), forced expiratory volume in one second (FEV1) and maximal mid-
expiratory flow (MEF50), biochemical profile and blood cyclosporin levels were
monitored throughout the study.

Following cyclosporin administration, a slight beneficial effect on some subjec-
tive parameters of asthma severity was observed.  At the same time, no beneficial
effect on pulmonary function was noted.  The time trends analysis of mean daily
prednisone doses between the treatment groups revealed a statistically significant
difference indicating that, during prednisone reduction, cyclosporin seemed to be
slightly more efficient than placebo in reducing the requirement for systemic cor-
ticosteroid, even though the steroid reduction was accompanied by slight impair-
ment of some pulmonary function.  However, there was no significant difference in
the final dose reduction between the treatment groups.

These data and the known toxicity of the drug suggest a limited place for cyclo-
sporin treatment in steroid-dependent bronchial asthma.
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Airway inflammation seems to be a common mecha-
nism underlying asthma, and therapeutic efforts have
focused on reduction of this inflammation [1].  The drugs
with topical anti-inflammatory activity, such as inhaled
corticosteroids, disodium cromoglycate and nedocromil
sodium, improve asthma symptoms and reduce bronchial
hyperresponsiveness.  Systemic corticosteroids are some-
times required to control asthma;  however, some severe
asthmatics are refractory to their therapeutic action [2].
Chronic systemic administration of corticosteroid is usu-
ally associated with serious and sometimes irreversible
side-effects.  The physician is challenged to develop a
treatment regimen that will control the incapacitating
and potentially life-threatening consequences of severe
asthma without devastating iatrogenic side-effects.  Seve-
ral investigators have sought a "steroid-sparing" agent,
that would allow corticosteroid doses to be reduced whi-
lst maintaining adequate and stable pulmonary function.
The agents tried include: gold salts [3], methotrexate [4,

5], troleandomycin [6], nedocromil sodium [7], azathiop-
rine [8], dapsone [9], and high-dose beclomethasone [10].

Recent evidence suggests that T-lymphocytes may par-
ticipate in the pathogenesis of allergic inflammation and
asthma [11], perhaps by releasing cytokines involved in
the recruitment, activation and differentiation of inflam-
matory cells, e.g. mastocytes and eosinophils.  In blood,
the number of activated CD4+ (CD25) T-lymphocytes
correlates with asthma severity [11].  Cyclosporin is
thought to exert its immunosuppressive activity prima-
rily by depressing T-lymphocyte activation via inhibition
of transcription of several messenger ribonucleic acid
(mRNA) lymphokines [12, 13].  The drug inhibits the
release of preformed and de novo synthesized mediators
from human lung and skin mast cells and basophils [14,
15].  It also inhibits the expression of several cytokines
in these cells [16].  All of these mediators and cytokines
may profoundly influence immune responses and the
intensity of inflammation in bronchial asthma.
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In several diseases thought to be mediated by acti-
vated T-lymphocytes and treated with corticosteroids,
cyclosporin therapy was effective.  These include: rheuma-
toid arthritis [17], psoriasis [18], and atopic dermatitis
[19].

We have recently introduced cyclosporin for treatment
of asthma, and in an open study we observed its steroid-
sparing effect in almost half of severe asthmatics [20,
22].  Others have confirmed this observation [23].  This
effect, however, was not usually sustained and waned
with cessation of the drug's administration [22].  In a
subsequent double-blind trial, cyclosporin was shown to
improve pulmonary function in corticosteroid-dependent
chronic asthmatics [24].  The aim of this study was to
determine in a double-blind, randomized, placebo-con-
trolled, parallel group trial the effects of cyclosporin treat-
ment on asthma symptoms, lung function and corticosteroid
tapering in patients with severe, corticosteroid-dependent
asthma.

Patients and methods

Subjects

Thirty four nonsmoking adults (27 females and 7 males,
aged 25–57 yrs, average 42 yrs) with severe chronic asth-
ma were recruited.  All required long-term oral steroid
treatment at a minimum dose of 5–35 mg daily, in addi-
tion to standard therapy consisting of theophylline, inhaled
beclomethasone and β-mimetics.  Patients had to respond
with more than a 15% increase in forced expiratory vol-
ume in one second (FEV1) or in peak expiratory flow
(PEF) following 200 µg fenoterol inhalation (Boehringer
Ingelheim, Germany).  The lowest dose of prednisone
on which each patient's asthma was relatively stable
before entry, was used as the maintenance dose through-
out the baseline period and during the first part of the
experimental period.  In all patients, at least one attempt
to reduce corticosteroid dose was made during the 6
month period preceding the study.  All such attempts
were unsuccessful.

Excluded from the study were patients who had: other
significant pulmonary diseases; impaired renal function
(serum creatinine above 120 µmol·L-1 or abnormal uri-
nalysis); impaired liver function; systolic blood pressure
>160 mmHg and/or diastolic blood pressure >95 mmHg;
acute or chronic infections; malignancy at any time;
epilepsy; malabsorption; concomitant therapy with other
immunosuppressants and drugs which interact adver-
sely with cyclosporin.  Women of child-bearing age who
did not use effective contraception were also excluded.

Written, informed consent was obtained, and the study
was approved by the Ethics Committee of the Jagiellonian
University School of Medicine, Cracow. Patient char-
acteristics are presented in table 1.

Thirteen of 34 patients had aspirin intolerance confir-
med by oral challenge tests [25]; the remaining patients
tolerated aspirin well.  The relatively high percentage
of aspirin-induced asthmatics can be attributed to the fact
that we, as a research centre, have been concentrating

on this type of asthma for years.  All 34 patients were
treated with high-dose inhaled corticosteroid, 1,600
µg·day-1, oral theophylline, and β2-agonist from metered-
dose inhaler.  Sixteen patients received sodium cromo-
glycate.  Mean lung function test results of 34 patients
included were: forced vital capacity (FVC): 2.88 (SD

0.99) L (77% of predicted), FEV1: 2.09 (0.74) L (64%
pred), FEV1/FVC 72%.

Study design

The study consisted of a 12 week baseline period, fol-
lowed by 34 weeks of the experimental period and 8
weeks follow-up observation (fig. 1).  During the base-
line period, all patients received standard asthma treat-
ment (see below).  Individual maintenance corticosteroid
doses were kept as stable as possible.

Following the baseline period, patients were randomly
assigned to parallel treatment groups and took either
cyclosporin or placebo for 12 weeks (Part I of the ex-
perimental period).  During Part II of the experimental
period, the treatment with cyclosporin or placebo was
continued for 22 weeks.  The corticosteroid dose was
gradually reduced, according to a standardized protocol,
by 10–15% every 4 weeks; maximum possible reduc-
tion that could have been achieved being 75%.
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Table 1.  –  Clinical characteristics of cyclosporin (CS)
and placebo (P) groups at baseline

Characteristic CS group P group
parameter n=17 n=17

Sex  F/M 14/3 13/4
Age  yrs* 42 43

(27–55) (27–58)
Duration of asthma  yrs* 12 14

(4–29) (4–32)
Duration of oral 8.5 7.7
corticosteroid therapy  yrs* (2.5–22) (3–17)
IgE  IU·mL-1* 124.2 159.1

(36.4–432.4) (17.9–879.0)
Positive skin-prick 8 11

tests  n
Aspirin intolerance 7 6
Morning PEF L·min-1† 233 (69) 235 (81)
Evening PEF  L·min-1† 261 (71) 269 (76)
FVC  L† 2.9 (1.0) 2.6 (0.9)
FEV1 L† 2.1 (0.8) 1.9 (0.8)
FEV1/FVC  %† 74 (12) 75 (13)
MEF50 L·s-1† 2.3 (1.1) 2.1 (1.2)
Patients global assessment 6.5 (2.4) 6.5 (2.2)
of asthma symptoms (0–10)† 7.3+ 7.2+

(3.1–8.4) (2.7–8.7)
Daily asthma severity 5.4 (2.4) 5.3 (2.6)
score (0–12)† 5.3+ 5.4+

(2.7–9.2) (2.1–9.5)

*:  data are presented as mean, and range in parenthesis;  †:
data are presented as mean, and SD in parenthesis;  +: median,
and range in parenthesis.  F:  female;  M:  male;  IgE:
immunoglobulin E;  PEF:  peak expiratory flow;  FVC:  forced
vital capacity;  FEV1: forced expiratory volume in one second;
MEF50:  maximal mid-expiratory flow.
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If during tapering of steroid doses clinical deteriora-
tion of asthma or symptoms of upper respiratory tract
infection occurred (exacerbation of asthma), patients were
treated with standardized 2 week courses of higher doses
of oral steroids (usually a doubling of the individual
maintenance dose).  Part I of the experimental period
was designed to detect the effects of cyclosporin on
severity of asthma and lung function tests, whilst the
aim of the Part II was to examine a possible cortico-
steroid-sparing effect of cyclosporin.

Upon completion of the 46 week trial, both cyclo-
sporin and placebo were tapered-off over a 2 week
period.  Patients were followed-up for 8 weeks.  During
follow-up observation, only the prednisone dose require-
ment was monitored.

With 17 patients in each group, the study had an 80%
chance of detecting a difference of 6.6 mg or greater in
mean daily requirement for corticosteroids at the end
of the experimental phase, using α=5%.  This would
represent a reduction of 40% from average doses of
corticosteroids recorded at the end of the baseline pe-
riod.

Clinical protocol

All patients fitted the entry criteria according to the
history, physical examination, and the following inves-
tigations: blood count with differential, blood eosinophil
number; urinalysis; serum biochemistry (creatinine, urea,
electrolytes, bilirubin, serum glutamic oxalo-acetic trans-
aminase (SGOT), alkaline phosphatase (AlP), gamma-
glutamyltranspeptidase (GGTP), calcium, magnesium,
glucose, cholesterol, triglycerides); serum protein elec-
trophoresis and immunoglobulins (IgG, IgA, IgM, IgE);
chest and maxillary sinus radiography; spirometry (FVC,
FEV1, FEV1/FVC%, maximal mid-expiratory flow (MEF50),
measured before and after two puffs of β-agonist (sal-
butamol, 100 µg·puff-1).  Skin-prick tests were perfor-
med with 16 common aeroallergens (SmithKline and
Beecham, UK).  Positive skin-prick tests were defined as
a wheal 3 mm greater than negative control.  A standard
gynaecological examination with colposcopy was per-
formed on all female patients.

Treatment of asthma was standardized throughout the

trial and consisted of inhaled steroid (beclomethasone
dipropionate, Polfa, Poland) at 1,600 µg·day-1, amino-
phylline (aminophylline, Polfa, Poland) at 700–1,400
mg·day-1 (dose adjusted to obtain serum theophylline
levels between 10–20 µg·mL-1) + fenoterol (Berotec,
Polfa, Poland) or salbutamol (salbutamol, Polfa, Poland)
was administered regularly, at least 6–8 puffs daily, plus
additional puffs if required.

Exacerbation of asthma was defined as worsening of
asthma symptoms (wheezing, breathlessness, chest tight-
ness, cough) in association with decreased PEF and lack
of sustained response to β-mimetics, as judged both by
patient and blinded trial physician.  Patients were then
treated with a standardized course of higher doses of oral
steroids (see above).  Additional treatment of asthma exa-
cerbations was prescribed according to routine clinical
practice (antibiotics etc.).

During the trial, PEF values, symptom scores and total
daily bronchodilator use were recorded every day on
asthma diary cards.  Morning and evening PEF were
measured by mini-Wright peak flow meter (Vitalograph,
Buckingham, UK) before and 15–30 min after β2-
agonist administration (three attempts, best value re-
corded); inhaled bronchodilator use was recorded as
number of doses administered during the day and at
night.  Subjective asthma symptoms were scored 0–4
separately for night-time, at awakening, and for daytime
(0=no symptoms, 4=very severe).

Daily asthma severity scores were calculated accord-
ing to the scheme presented in table 2 (modification of
the method used by WOOLCOCK and JENKINS [26]), based
on: 1) the sum of scores recorded during night-time, day-
time and at awakening; 2) daily bronchodilator use; 3)
daily percentage variability of PEF=(highest PEF - low-
est PEF/highest PEF) × 100.

Asthma symptoms, lung function and adverse effects
were assessed every 2 weeks by at least two blinded
trial physicians.  Physical examination was performed at
each visit, asthma diary cards were carefully examined
and spirometry recorded (FVC, FEV1, MEF50) using com-
puterized pneumotachograph (Pneumoscreen, E. Jae-
ger, Germany).  Subjective global assessment of asthma
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Fig. 1.  –  Study design.  CsA:  cyclosporin A;  P:  placebo.

Table 2.  –  Daily asthma severity score (maximum pos-
sible range between 0–12)

24 h symptoms 24 h bronchodilator Daily variability
scores* use† of PEF  %‡

12 (4) >12 (4) >50 (4)
5–11 (3) 9–12 (3) 31–50 (3)
2–4 (2) 5–8 (2) 21–30 (2)
1 (1) 1–4 (1) 11–20 (1)
0 (0) 0 (0) 1–10 (0)

*:  scores recorded during night-time, daytime and at awak-
ening were added;  †:  number of doses of bronchodilator admi-
nistered during the day and at night;  ‡:  (maximum recorded
PEF - minimum PEF/maximum PEF) × 100%.  PEF:  peak
expiratory flow.  Numbers in brackets represent scale (0–4) of
intensity of symptoms, β-mimetic intake, and extent of daily
variability of PEF.  (Modified from WOOLCOCK and JENKINS



symptoms was also measured every 2 weeks with a visu-
al vertical analogue scale, which consisted of a 10 cm
vertical line labelled "no asthma" at the bottom and "very
severe asthma" at the top.

At 4 week intervals, blood count, serum biochemistry
(apart from serum creatinine measured every 1–2 weeks),
immunoglobulins, and urinalysis (as during screening
procedure) were repeated.

Blood trough cyclosporin levels were measured every
1–2 weeks using specific monoclonal antibody radio-
immunoassay (Sandimmun-Kit, Sandoz Ltd, Switzerland).
Cyclosporin, 25 mg·capsule-1, and placebo (Sandoz, Basel,
Switzerland) were identical in appearance.  Patients were
started on 2.5 mg·kg-1 daily of the test medication in two
divided doses every 12 h.  The dose was increased by
25% weekly, until a blood trough level of cyclosporin
of 75–150 ng·mL-1 was achieved, unless prevented by a
30% or more rise in serum creatinine.  The dose was
reduced if: serum creatinine increased more than 30% of
baseline or above 130 µmol·L-1; SGOT or AlP increased
twofold above the upper limit of normal; serum potas-
sium increased over 5.0 mmol·L-1; or blood pressure rose
and stayed over 160 mmHg systolic or 95 mmHg dias-
tolic.  Monitoring of cyclosporin levels, nephrotoxicity
and dosage adjustment were performed by an "unblind-
ed clinician", who was neither involved in direct patient-
study contact nor in assessment of the results.  To maintain
blinding, blood cyclosporin levels were determined in
both groups.

Adverse reactions

All adverse reactions observed by the investigators or
reported by the patient were monitored at every follow-
up visit.  The patient was asked to identify any new prob-
lems or changes that had occurred since the previous
visit.

Statistical analysis

The differences in the variables measured between the
treatment groups (cyclosporin vs placebo) were estima-
ted by analysis of covariance (SAS, GLM) using the
model adjusting to time and mean baseline measurements
of the variable.  For the daily dose of prednisone admini-
stered during Part II of the experimental period, the ana-
lysis of covariance was made on the means of the doses
at each time-point.

Wilcoxon test was used to compare the mean of the
parameters measured between the baseline period and
Part I of the experimental period.

Results

Thirty four patients entered the study.  Following ran-
domization, 17 were assigned to the cyclosporin group
and 17 to the placebo group.  Thirty two completed the
full protocol; two dropped out after completing Part I of

the experimental period.  These two patients, both from
the placebo group, moved out to a distant city and could
not accept further frequent follow-up visits.

Baseline period

The demographic and clinical characteristics of the
cyclosporin and placebo group are shown in table 1.
The groups were similar with respect to: mean age, sex
distribution, mean duration of asthma, and duration of
corticosteroid treatment, atopic status, and the preva-
lence of aspirin sensitivity.

There were no meaningful differences in diary card
analysis, patients' global assessment of asthma symp-
toms, daily asthma severity score, and lung function
tests recorded during the 12 week baseline period (table
1).

The mean (SD) corticosteroid dose during the baseline
period was similar in cyclosporin and placebo groups;
15.9 (6.9) mg and 16.5 (7.5) mg, respectively.

Experimental period

Part I - cyclosporin or placebo treatment.  Table 3 gives
the adjusted differences and 95% confidence intervals
for mean daily steroid dose, morning and evening PEF
(both before and after β-mimetic, fenoterol), daily PEF
variability, FVC, FEV1, FEV1/FVC%, MEF50, daily asth-
ma severity score and daily β-mimetic intake.  A nega-
tive difference presented in table 3 indicates that the
means for placebo were higher than for the cyclosporin
group.

Following cyclosporin or placebo administration, there
were no differences in mean morning and evening PEF
values before and after inhalation of β-mimetic except
for higher values of mean morning PEF after β-mimetic
usage in the placebo group.

No significant difference was found in daily PEF vari-
ability between the groups studied.

However, the mean β-mimetic intake both during the
day and night was significantly lower in the cyclosporin
group than in placebo group during that period.  The
mean score of subjective asthma symptoms for awaken-
ing, daytime, and for night-time were statistically lower
in the cyclosporin group.  There was no significant dif-
ference in the mean and/or median daily asthma seve-
rity score and subjective global assessment of asthma
symptoms measured every 2 weeks with a visual verti-
cal analogue scale.

There were no significant differences between the
groups studied in FEV1, FVC, FEV1/FVC% and MEF50.

The mean individual doses of corticosteroid were sim-
ilar to those in the baseline period and did not differ
between the treatment groups; 16.3 (SD 7.6) mg in the
cyclosporin group and 16.9 (7.4) mg in the placebo group.

Part II - cyclosporin or placebo treatment and reduc-
tion of oral prednisone dose. After the drop-out of two
patients, 32 patients entered and completed Part II of
the experimental period; 17 in the cyclosporin group and
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15 in the placebo group.  During the prednisone dose
reduction, asthma exacerbations necessitating augmen-
tation in the prednisone dose occurred in 47% (95% CI
23–72) of the patients in the cyclosporin group and in
60% (95% CI 32–84) of the patients in the placebo
group.  The mean (SD) duration of asthma exacerbations
was 28 (10.9) days in the cyclosporin group and 41 days
(17.9) in the placebo group.  When the asthma exacer-
bation subsided, the prednisone dose reduction pro-
gramme was continued.  In total, the final prednisone
dose was reduced more than 20% compared to baseline
value in 82% (95% CI 57– 96) of the patients in the
cyclosporin group and in 60% (95% CI 32–84) of the
patients in the placebo group.  These differences were
not statistically significant.

There were considerable fluctuations in the mean
prednisone dose (the doses added during exacerbations

of asthma are included) in both treatment groups as a
consequence of asthma exacerbations (fig. 2).  Mean
prednisone doses were significantly reduced in both
treatment groups (from 15.9 to 9.8 mg·day-1 in the
cyclosporin group, p<0.001; and from 16.5 to 12.2
mg·day-1 in the placebo group, p<0.01) (table 4).  Analy-
sis of covariance showed significant difference in time

CYCLOSPORIN TREATMENT OF STEROID-DEPENDENT ASTHMA 1095

Table 3.  –  Adjusted difference in subjective asthma assessment scores and volumatic function between cyclosporin
(CS) and placebo (P) group in Part I and Part II of experimental phase

Outcome Part I Part II
measured CS or P treatment Oral prednisone reduction during

continued CS or P treatment
Difference* 95% CI Difference* 95% CI

Morning PEF before fenoterol  L·min-1 -0.3 -4.0 to 3.5 -12.6 -15.4 to -9.8
Morning PEF after fenoterol  L·min-1 -4.2 -7.8 to -0.6 -22.0 -24.6 to -19.0
Evening PEF before fenoterol  L·min-1 -2.7 -6.8 to 1.4 -7.4 -10.5 to -4.4
Evening PEF after fenoterol  L·min-1 -3.9 -7.9 to 0.1 -16.5 -19.5 to -13.6
Daily variability of PEF  L·min-1 -0.1 -2.6 to 2.4 5.0 2.8 to 7.0
Puffs of fenoterol per day  n -0.7 -1.2 to -0.1 -0.4 -0.6 to -0.3
Puffs of fenoterol per night  n -0.6 -0.8 to -0.5 -0.4 -0.7 to 0.0
Symptoms at awakening -0.3 -0.3 to -0.2 -0.2 -0.2 to -0.1
Daytime symptoms -0.5 -1.0 to -0.1 0.4 -0.3 to 1.1
Night-time symptoms -0.2 -0.3 to -0.1 -0.3 -0.4 to -0.2
Calculated daily asthma severity score (ASS) -0.1 -0.3 to 0.1 0.2 0.0 to 0.3
Subjective global assessment of asthma symptoms -0.2 -0.7 to 0.3 -0.5 -0.8 to -0.1
FVC  mL 84 -80 to 249 -15 -141 to 111
FEV1 mL 42 -96 to 179 -27 -131 to 76
FEV1/FVC  % -0.6 -2.6 to 1.4 -0.8 -2.4 to 0.8
MEF50 L·s-1 0.0 -0.2 to 0.2 -0.1 -0.3 to <0.0

95% CI:  95% confidence interval.  *:  negative difference indicates higher mean value in placebo group.  For further abbrevia-
tions see legend to table 1.
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Fig. 2.  –  Trends in mean daily doses of oral prednisone during Part
II of the experimental period in the cyclosporin (CS) and placebo (P)
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bo; —×—:  cyclosporin. - - -:  trend lines for P (upper) and CS (lower).

Table 4.  –  Daily prednisone dose at the beginning and
the end of Part II of experimental phase in individual sub-
jects in cyclosporin and placebo group

Cyclosporin group Placebo group

Prednisone  mg·day-1 Prednisone  mg·day-1

Pt No. Beginning End Pt No. Beginning End

1 10.0 7.0 1 27.5 19.0
2 20.0 10.0 2 20.0 20.0
3 15.0 12.0 3 22.5 22.5
4 20.0 20.0 4 15.0 15.0
5 10.0 10.0 5 20.0 20.0
6 12.5 12.5 6 10.0 10.0
7 35.0 21.0 7 10.0 6.0
8 20.0 12.0 8 25.0 25.0
9 15.0 5.0 9 15.0 9.0

10 10.0 5.0 10 20.0 12.0
11 20.0 10.0 11 10.0 4.0
12 15.0 7.5 12 25.0 10.0
13 10.0 5.0 13 15.0 5.0
14 12.5 6.0 14 7.5 4.0
15 25.0 15.0 15 5.0 2.0
16 5.0 1.5
17 15.0 7.0

Mean 15.9 9.8 Mean 16.5 12.2
SD 7.1 5.3 SD 7.0 7.5

Pt:  patients.



trends of mean daily prednisone doses between the treat-
ment groups (p<0.05) (fig. 2).  However, the difference
in the final corticosteroid dose reduction was not signi-
ficantly different between the treatment groups (p>0.05).

Both morning and evening mean PEF values (mea-
sured before and after β-mimetic usage) were statisti-
cally smaller in the cyclosporin group.  The mean daily
PEF variability was statistically higher in the cyclosporin
group.  However, the mean daily β-mimetic consump-
tion was statistically lower in the cyclosporin group than
in the placebo group.  The mean score of subjective asth-
ma symptoms for night-time and at awakening was sta-
tistically lower for the cyclosporin group.  The daily
asthma severity score was higher in the cyclosporin group.
Subjective global assessment of asthma symptoms was
significantly lower in the cyclosporin group.  No signifi-
cant differences between treatment groups were found
in mean FVC, FEV1, FEV1/FVC%; mean MEF50 was
significantly higher in the placebo group.

Follow-up observation

In 35% (95% CI 14–62) of the patients from the
cyclosporin group, the diminished prednisone dose could
be maintained for at least 8 weeks following cyclosporin
withdrawal.  In the remaining patients, the prednisone

dose had to be increased because of asthma exacerba-
tions.  In the placebo group, diminished prednisone doses
were maintained for 8 weeks in only 20% of patients
(95% CI 4–45).  This difference between the groups stu-
died was not statistically significant.

Table 5 shows laboratory parameters during baseline
and Part I of the study. Mean heart rate, systolic and
diastolic blood pressure, serum creatinine and choleste-
rol levels increased significantly in the cyclosporin group,
whereas magnesium level fell significantly in this group.
These changes did not occur in the placebo group.  Serum
immunoglobulin levels were not affected by the treat-
ment.

Side-effects

During cyclosporin treatment, mild gastrointestinal
symptoms were temporarily reported (nausea and diar-
rhoea in 29% (95% CI 10–56) and 12% (95% CI 2–36)
of patients, respectively).  Patients on placebo did not
report such symptoms.

Mild paraesthesiae were reported by 28% (95% CI
10–56) of patients taking cyclosporin.  These symptoms
were transient and of slight intensity and did not prompt
us to withdraw the drug.

Mild hypertrichosis, reported by the subjects studied,
was noted in 24% (95% CI 7–50) of patients in the
cyclosporin group compared to 12% (95% CI 2–40) of
patients in the placebo group.  All symptoms improved
with time and resolved completely within 4 weeks of
drug withdrawal.

Discussion

In this study, we have presented evidence that fol-
lowing cyclosporin administration a slight beneficial
effect in some subjective parameters of asthma severity
was observed, whilst we did not observe any beneficial
effect of cyclosporin treatment on pulmonary function.
Cyclosporin seemed to be slightly more efficient than
placebo in reducing the requirement for systemic corti-
costeroid, even though the steroid reduction was accom-
panied by slight impairment of some pulmonary function.

Although the precise mechanism of action of cyclo-
sporin in asthma is unknown, its effects are probably
related to immunoregulatory and antiinflammatory acti-
vity [27, 28].  In asthma, the cyclosporin target cell may
be the T-lymphocyte, mast cell or basophil, or a combi-
nation of these and other cell types.

The drug exerts its major effect by inhibition of T-cell
activation [13].  This, in turn, prevents the transcription
of the genes that encode the cytokines, co-ordinating var-
ious cells involved in the immune response.  The exact
molecular mechanism of action of cyclosporin remains
elusive [12, 13, 29].  Cyclosporin functions as a prodrug
and becomes active when complexed to an intracellular
receptor, a binding protein known as cyclophilin [13].
Cyclosporin-cyclophilin complex blocks translocation
of the cytoplasmatic component of the nuclear factor of
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Table 5.  –  Means of some physiological and labora-
tory parameters in cyclosporin and placebo group values
during baseline and Part I of experimental period

Outcome Cyclosporin group Placebo group

measured Baseline Part I Baseline Part I
period period  

Systolic blood 126 133* 126 128
pressure mmHg (12.1) (15.3) (12.1) (13.5)

Diastolic blood 81 85* 79 81
pressure mmHg (8.3) (10.0) (9.4) (8.2)

HR  beats·min-1 78.4 79.8† 79.2 78.1
(3.9) (4.0) (7.8) (3.9)

Total WCC  ×103·mm-3 8.7 8.1 8.6 11.1†

(2.8) (2.5) (3.5) (2.1)
Absolute eosinophil 190.7 193.4 212.6 201.7

count (261.8) (188.7) (112.8) (121.5)
Creatinine  µmol·L-1 90.5 99.4† 93.2 90.8

(11.1) (16.3) (8.4) (8.8)
Cholesterol  mmol·L-1 5.4 5.9‡ 5.5 5.8

(0.7) (0.8) (0.7) (0.8)
Potassium  mmol·L-1 4.15 4.25 4.15 4.25

(0.3) (0.2) (0.3) (0.2)
Magnesium  mmol·L-1 0.95 0.83‡ 0.93 0.91

(0.13) (0.07) (0.06) (0.07)
IgG  g·L-1 11.5 11.4 12.1 11.5

(3.3) (3.3) (3.1) (2.6)
IgA  g·L-1 2.7 2.7 2.9 2.8

(1.1) (1.0) (0.9) (0.9)
IgM  g·L-1 2.2 2.2 1.9 1.9

(1.5) (1.5) (0.8) (0.9)

Data are presented as mean and SD in parenthesis.  HR:  heart
rate;  WCC:  white cell count; Ig:  immunoglobulin.  *:  p<0.001;
‡:  p<0.01;  †:  p<0.05 (baseline versus Part I).
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activated T-cells (NF-AT) to the nucleus by inhibition
of calcineurin; the subsequent activation of genes that
encode cytokines becomes inhibited [13, 29].

Cyclosporin also inhibits: 1) mediator release from
mast cells and basophils [14, 15]; 2) antigen presen-
tation by antigen-presenting cells [16]; 3) interleukin-
4 (IL-4)-induced immunoglobulin E (IgE) synthesis,
both in B-cells from atopic individuals and in in vitro
preactivated normal B-cells [30]; and 4) expression of
cutaneous IgE-dependent and platelet-activating factor
(PAF)-induced late-phase reactions [31].

Thus, cyclosporin may modulate the immune response
in asthma and reduce the inflammatory process in the
airway wall; thereby, attenuating asthma symptoms and
reducing the need for systemic corticosteroid treatment
[27, 28].

Both during the baseline period and Part I of the ex-
perimental period (when cyclosporin or placebo were
added to standardized treatment of asthma), we analysed
several parameters that reflect the severity of asthma
symptoms.  In our study, during the baseline period,
there were no meaningful differences between cyclo-
sporin and placebo groups in most analysed parameters.

Following cyclosporin administration, mean subjec-
tive asthma symptom scores (analysed at awakening, dur-
ing the day, and at night) were significantly lower than
in patients following placebo administration.  Similarly,
both the mean and median daily asthma severity score,
and mean and median subjective global assessment of
asthma symptoms analysed every 2 weeks with visual
analogue scale, were lower in the cyclosporin group but
without reaching the level of statistical significance.

These results could have suggested greater beneficial
effect of cyclosporin on asthma symptoms and severity.
The suggestion was also supported by the finding that
cyclosporin treatment was associated with less use of β-
mimetic inhalations.  However, we did not observe any
beneficial effect of cyclosporin on such objective para-
meters of pulmonary function as FVC, FEV1, FEV1/
FVC% and MEF50.

Following cyclosporin or placebo treatment, there
were no differences in mean morning and evening PEF
values before and after β-mimetic usage, except for hig-
her values of mean morning PEF after β-mimetic inha-
lation in placebo group.  The theoretical explanation for
this phenomenon could be the diminished response to
β-mimetics during cyclosporin treatment.

Our findings do not confirm the evident beneficial
effect of cyclosporin treatment recently reported by
ALEXANDER et al. [24].  They found that cyclosporin treat-
ment resulted in a mean increase of 12% in morning
PEF and 18% in FEV1 over placebo, whilst diurnal vari-
ation in PEF decreased by a mean of 28%.  Moreover,
despite significant improvements seen in pulmonary
function, these authors did not observe a diminution in
bronchodilator consumption nor changes in the mean
symptom score, as found in our study.  Their study dif-
fered from ours in the following ways: 1) ALEXANDER et
al. [24] conducted a double-blind, cross-over study to
detect intrasubject improvement in lung function, whilst
we used a double-blind, placebo-controlled parallel group

design; 2) 32 patients, who entered the study of ALEXANDER

et al. [24], had significantly lower requirements for oral
corticosteroids than our patients (mean dose 8.5 vs 16.5
mg); 3) bronchodilator consumption was almost half
that of our patients; 4) and finally ALEXANDER et al. [24]
used higher doses of cyclosporin: 5.22 mg·kg-1 body
weight (blood cyclosporin trough levels varied from
46–217 µg·L-1, mean value 152 µg·L-1), whilst we admin-
istered 3–5 mg·kg-1 and obtained cyclosporin levels of
70–150 µg·L-1, mean value 120 µg·L-1.  These differen-
ces could, in part, explain why the results of ALEXANDER

et al. [24] varied from ours.  Moreover, these authors
recorded 13 asthma exacerbations in patients receiving
placebo compared to four in patients on cyclosporin
treatment, which suggests that their patients were more
unstable, since introduction of the test medication, with-
out steroid reduction, precipitated so many exacerbations
of asthma.

There are few reports on the effects of cyclosporin on
experimental models of asthma.  ARIMA et al. [32] found,
in guinea-pigs, that cyclosporin did not inhibit the im-
mediate allergen-induced bronchoconstriction, but did
inhibit development of the late asthmatic response and
associated bronchial hyperresponsiveness.  On the other
hand, ELWOOD et al. [33] observed, in rats, that cyclosporin
did not prevent bronchial hyperresponsiveness induced
by ovalbumin, whilst it produced significant inhibition
of eosinophil and lymphocyte influx [33].

The results of the second part of our study, devoted
to the possibility of steroid reduction, might suggest that
cyclosporin administration can facilitate the reduction
of corticosteroid dose.  However, the differences between
the groups studied in proportions of patients in whom
corticosteroid dose reduction was achieved, in mean
duration of asthma exacerbations and in proportions of
patients with asthma exacerbations were not significant.
Both absolute and percentage steroid reduction during
cyclosporin treatment were not very high, but in patients
on chronic corticosteroid treatment for many years, even
20–40% reductions in maintenance doses could proba-
bly induce fewer side-effects and, thus, be beneficial.

The analysis of daily PEF values during the steroid
reduction phase indicates that patients receiving cyclo-
sporin had significantly lower values both of morning
and evening PEF in comparison with patients on place-
bo, with corresponding significantly higher values of
daily asthma severity score.  This could have indicated
that in those patients the greater steroid reduction could
have been achieved at the expense of worsening of pul-
monary function tests.  On the other hand, β-mimetics
consumption, reflecting in some way patient's subjective
assessment of asthma severity, was significantly smaller
in patients taking cyclosporin.  Comparatively subjective
asthma symptom scores for night-time and at awaken-
ing were significantly lower in the cyclosporin group,
with the same tendency in subjective global assessment
of asthma symptoms.  All of these results indicate a bet-
ter self-assessment by patients treated with cyclosporin,
despite lower daily PEF measurements and unchanged
spirometric parameters.

In the first open trial on the effect of cyclosporin on
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steroid-dependent asthma [21], we found that steroids
could be reduced in almost half of our patients without
deterioration of pulmonary function tests.  Thus, in the
present double-blind study, we did not obtain as good
results as in our first open study, or as those in a study
by FINNERTY and SULLIVAN [23].  We did not detect any
clinical differences (age, sex, atopy, aspirin intolerance)
between the group of patients in whom steroids could
be reduced and those in whom these efforts were unsuc-
cessful.

The response to cyclosporin withdrawal varied sub-
stantially among patients.  In 35% of the cyclosporin
group and in 20% of the placebo group the diminished
corticosteroid dose could be maintained for at least 8
weeks following cyclosporin withdrawal.  These differ-
ences were not statistically significant, indicating no
evident long-lasting improvement in prednisone require-
ment following cyclosporin withdrawal.  Exacerbation
of asthma following cyclosporin withdrawal was also
noted previously by our group [22], and by FINNERTY and
SULLIVAN [23].  These results resemble those in other
autoimmune diseases [17–19].

Following introduction of cyclosporin (Part I of the
experimental period) we noticed significant increases both
in systolic and diastolic blood pressure.  In our clinical
study, the blood eosinophil count did not change after
administration of either cyclosporin or placebo.  Cyclo-
sporin is known to inhibit antigen-induced eosinophilia
in experimental models [34].  Many authors have shown
that in humans cyclosporin treatment increases serum
creatinine [35] and cholesterol levels, and diminishes the
serum magnesium concentration.  The same trends were
observed in our study following introduction of cyclo-
sporin.  We did not monitor the glomerular filtration rate
(GFR) during cyclosporin treatment, as recent studies
have shown that serum creatinine is probably better than
measurements of GFR in predicting cyclosporin nephro-
pathy, because it can be measured frequently [36].

We did not observe any severe side-effects of cyclosporin
treatment.  Some patients experienced slight hypertri-
chosis, but this symptom was subjectively assessed only
by patients themselves on the demand of research staff,
and could be overestimated by them.  A high proportion
experienced nausea and diarrhoea during the first 4–8
weeks of cyclosporin treatment.  These side-effects were
of rather mild severity and disappeared spontaneously,
or following some diminution of the cyclosporin dose.
Although paraesthesia was frequently noted, it was of
low intensity.  None of these side-effects forced us to
withdraw the test medication.  All these symptoms dis-
appeared completely within weeks of cessation of cyclo-
sporin treatment.

In this double-blind, placebo-controlled, parallel group
trial we found that cyclosporin had a slight beneficial
effect on some subjective parameters of asthma severity
and no detectable beneficial influence on pulmonary func-
tion.  Cyclosporin treatment, however, seemed to be
somewhat more efficient than placebo in reducing the
requirement for prolonged prednisone treatment in asth-
matic patients in whom previous attempts to reduce the
prednisone dose were unsuccessful.

These data and the known toxicity of cyclosporin sug-
gest that cyclosporin treatment should have a limited
place in the treatment of severe cases of steroid-depen-
dent asthma.
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