





Thorax: first published as 10.1136/thx.48.4.309 on 1 April 1993. Downloaded from http://thorax.bmj.com/ on September 24, 2020 by guest. Protected by copyright.



312

DATA HANDLING AND STATISTICAL ANALYSIS
The subjective data recorded on diary cards
were averaged over the final seven days of
each phase and the mean used for subsequent
analysis. Peak flow readings were analysed
daily, calculating the mean and diurnal varia-
tion as amplitude expressed as a percentage
of the mean daily PEF:

Daily diurnal variation in PEF =
daily maximum PEF — daily minimum PEF

daily mean PEF

X 100%

The calculated daily values were averaged
over the final seven days of each treatment
period to give the values used in the subse-
quent analysis. PD,, and serum IgE data were
log transformed before analysis. Comparisons
of the baseline characteristics of the parallel
treatment groups were performed by
unpaired Student’s ¢ tests for normally dis-
tributed continuous data, Mann-Whitney U
test for non-parametric continuous data, and
x? test for categorical data.

To compare the efficacy of placebo,
inhaled BDP, and oral prednisolone on lung
function, the FEV, and FVC recorded on the
final day of each treatment phase, and the
mean PEF recorded over the last seven days
of the treatment phase, were selected as end
points. The response to treatment in these
physiological variables after placebo and
inhaled BDP was assessed by a repeated mea-
sures analysis of variance. For analysis of the
data after the final phase of active treatment,
when two thirds of the patients received oral
prednisolone in addition to inhaled BDP, the
change in each variable from the previous
phase was calculated. The change was com-
pared between the two prednisolone treat-
ment groups by an unpaired Student’s ¢ test,

Table 1 Characteristics of the two BDP dosage groups expressed as mean (SE) unless

indicated.
Dose group
BDP 750 ug twice daily BDP 1500 pg rwice daily
(n=47) (n=51)
Females (number) 15 14
Age (years) 66 (1-0) 65 (1-0)
FEV, (litres) 1-07 (0-07) 1-05 (0-07)
FEV,/FVC (%) 41-2 (1-8) 37-8 (17)
Mean PEF (1/min) 231 (12) 236 (13)
TrLco (% predicted) 70-3 (3-8) 67-4 (3-8)
Kco (% predicted) 61-4 (3-4) 56-4 (3-2)
Diurnal variation
in PEF (% predicted) 10-4 (0-8) 11-0 (0-9)
FEV, reversibility
to 200 ug salbutamol
(% predicted) 6-4 (0-6) 5-6 (0-9)
FEV, reversibility
to 80 ug ipratropium
bromide (% predicted) 4.9 (0-7) 4-8 (0-9)
Serum IgE (kU/1)
(geometric mean) 83 64
Number with positive
skin tests 10 10
Current smokers 17 28
Ex-smokers 29 23
Never smokers 1 0
Cigarette consumption
(pack years) 51 (5-0) 46 (4-1)

BDP—beclomethasone dipropionate; FEV,—forced expiratory volume in one second;
FVC—forced vital capacity; PEF—peak expiratory flow; TLCO—carbon monoxide trans-
fer factor; Kco—carbon monoxide transfer coefficient.

Weir, Burge

combining the inhaled BDP dose groups.

In addition a “categorical analysis” was
undertaken after classifying each patient as a
treatment responder or non-responder for
each of the three treatment phases. Response
to treatment was defined as an improvement
in prebronchodilator FEV,, or FVC recorded
on the final day of each treatment phase, or
mean PEF over the last seven days of the
treatment phase of at least 20% when com-
pared with the baseline value. The difference
in response rates to placebo and inhaled BDP
was assessed by McNemar’s test. The
response rate after the final treatment phase
was compared by a y? test for the two final
phase treatment groups, again combining the
BDP dose groups.

The effect of treatment on bronchial
responsiveness to inhaled histamine and on
subjective parameters was assessed by analy-
sis of variance as above. Predicted lung func-
tion values were derived from the published
equations of the European Community for
Coal and Steel.!®

Results
One hundred and twelve patients entered the
baseline period of the study. Three patients
were unable to complete the diary card or fol-
low the protocol, and four experienced an
infective exacerbation of their disease requir-
ing treatment with antibiotics and oral corti-
costeroids, leaving 105 patients (75 men)
who were randomised to receive treatment.
The mean age of the patients studied was
66 (range 49-78) years. One hundred and
four subjects either had been (n =57) or
were (n =47) smokers, with a mean (SE)
cigarette consumption of 49 (3-1) pack years.
Twenty three patients exhibited skin test
reactivity to the allergens used, and the geo-
metric mean (range) IgE level was 75
(25-4810) kU/l. The mean (SE) FEV, was
1:05 (0-05) litres, or 40 (1-5)% of the pre-
dicted value, with a mean (SE) FEV, to FVC
ratio of 39 (1:2)%. The mean carbon mon-
oxide gas transfer coefficient (Kco) was
reduced at 1-03 (0:04) mmol/kPa/min/l, or 58
(2-3)% predicted. The mean (SE) FEV,
reversibility to salbutamol was 144 (13) ml,
or 5-7 (0-5)% as a percentage of the predicted
FEV,. The geometric mean PD,, was 0-52
(range 0-:04-16) umol histamine.

Withdrawals

Fifty three patients were randomised to
receive 750 ug twice daily BDP and 52 to
receive 1500 ug twice daily. During the place-
bo phase six patients were withdrawn from
the lower dose group: three suffered infective
exacerbations of their disease, one failed to
return, one developed abnormal liver func-
tion, and one was unable to tolerate the pres-
surised inhalers due to wheezing and cough.
One patient was withdrawn at this stage from
the higher dose group due to an infective
exacerbation. All patients completed the
inhaled BDP treatment phase, 47 receiving
750 ug twice daily and 51 receiving twice
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Table 2 Mean (SE) values for FEV,, FVC, and PEF at baseline, after placebo and
P

inhaled BD.
BDP dose After After
(twice daily) Baseline placebo BDP

FEV, (litres) 750 ug 1-07 (0-07) 1-07 (0-07) 1-11 (0-07)
1500 ug 1-05 (0-07) 1-01 (0-07) 1-10 (0-07)

Treatment effect: F = 11-14; df = 2, 192; p < 0-0001.

Interaction: F = 1-35; df = 2, 192; NS.

FVC (litres) 750 ug 258 (0-11) 2-58 (0-10) 2-68 (0-11)
1500 ug 276 (0-12) 2-78 (0-12) 2-90 (0-11)

Treatment effect: F = 8-63, df = 2, 192; p < 0-0005.

Interaction: F = 0-14, df = 2, 192; NS.

Mean PEF (1/min) 750 ug 231 (12-6) 235 (13-0) 243 (13-6)
1500 ug 237 (14-0) 235 (14-4) 250 (14-9)

Treatment effect: F = 16-5; df = 2, 188; p < 0-0001.
Interaction: F = 1-14; df = 2, 188; NS.

BDP—beclomethasone dipropionate; FEV,—forced expiratory volume in one second;

FVC—forced vital capcity; PEF—peak expiratory flow.

Table 3 Response to inhaled BDP and placebo in

individual patients.
BDP group
Placebo group Respond, spond
Responder 11
Non-responder 22

BDP—beclomethasone dipropionate.

daily 1500 ug. During the second active treat-
ment phase four patients were withdrawn in
the combined treatment group. One attrib-
uted alopecia to the treatment, one patient
developed an unrelated pneumothorax, a fur-
ther patient suffered an infective exacerba-
tion, and the final patient developed
symptomatic hyperglycaemia. Two patients
in the group continuing on inhaled BDP
alone were withdrawn, one because of severe

Table 4 Mean (SE) scores for the dimensions of the quality of life questionnaire, diary
card breathlessness scores, and oxygen cost diagram at baseline, and after treatment with

placebo and inhaled BDP.
BDP dose After After
(twice daily) Baseli placeb BDP

Dyspnoea 750 ug 18:-0 (0-8) 19-0 (0-9) 20-4 (1-0)
1500 ug 17-7 (0-7) 19-4 (0-9) 21-3 (1-0)

Treatment effect: F = 24-96; df = 2, 91; p < 0-0001.

Interaction: F = 0-92; df = 2, 91; NS.

Fatigue 750 ug 17-6 (0-7) 17-8 (0-7) 18-8 (0-8)
1500 ug 17-4 (0-8) 16-9 (0-7) 17-3 (0-8)

Treatment effect: F = 3-61; df = 2, 94; p < 0-03.

Interaction: F = 2-76; df = 2, 94; NS.

Emotional function 750 ug 33-4 (1-2) 35-1 (1-2) 366 (1-2)
1500 ug 32-8 (1-3) 33-1 (1-3) 32-9 (1-5)

Treatment effect: F = 4-89; df = 2, 94; p < 0-01.

Interaction: F = 4-2; df = 2, 94; p < 0-02.

Mastery 750 ug 19-7 (0-9) 20-1 (0-8) 20-3 (0-9)
1500 ug 20-0 (0-8) 20-9 (0-8) 21-8 (0-8)

Treatment effect: F = 9-25; df = 2, 94; p < 0-0001.

Interaction: F = 2-75; df = 2, 94; NS.

O, cost 750 ug 121 (5°5) 127 (6-2) 124 (5-5)
1500 ug 118 (5-4) 124 (5-4) 130 (5-8)

Treatment effect: F = 5-8; df = 2, 89; p < 0-005.

Interaction: F = 2-34; df = 2, 89; NS.

Breathlessness score 750 ug 3-1 (0-2) 3-2(0-2) 2:9 (0-2)
1500 ug 2-8 (0-2) 3-0 (0-2) 26 (0-2)

Treatment effect: F = 9-52; df = 2, 88; p < 0-00002.
Interaction: F = 0-31; df = 2, 88; NS.
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depression necessitating inpatient treatment,
the other because of an infective exacerbation.

Fewer than 15% of the patients were con-
sidered to be poorly compliant with therapy
as judged by cannister weighing and counting
of returned tablets.

EFFECT OF INHALED BDP

Spirometry and mean PEF

No significant differences in the baseline
characteristics of the two BDP dosage groups
were detected (table 1). A small but signifi-
cant effect of inhaled BDP on all three
physiological measures was seen (table 2).
There was no significant difference between
the two doses of BDP, and no dose-treatment
interaction was detected for any of the three
end points used. For the combined BDP dose
groups the mean improvement from the base-
line value after active treatment was 48 ml for
FEV,, 120 ml for FVC, and 12-4 1/min for
mean PEF.

Response to inhaled BDP in individual patients
To assess response to treatment in individual
patients the response rate to the two doses of
inhaled BDP was compared initially. In the
patients receiving a twice daily dose of
750 ug, 16 of 47 (34%) showed a response as
defined above; in the 1500 ug group 17 of 51
(33%) responded (2= 0-06, NS). In the
responders the response was seen in one
parameter in 27 patents (FEV,, 12; FVC, 7;
PEF, 8), in two parameters in four (FEV, +
PEF, 1; FEV, + FVC, 3), and in all three
end points in two patients.

To assess the efficacy of inhaled BDP
against placebo both BDP dose groups were
combined. In individual patients a response
occurred in 15 patients (15%) receiving
placebo, and in 33 patients (34%) receiving
inhaled BDP (table 3). This difference in
response rates was significant (p < 0-:001).

PD,, histamine

In the 66 patients in whom the PD,, was
measured at baseline and after placebo treat-
ment the 95% range for the repeatability of a
single estimation of PD,, was 1-99 doubling
concentrations. Treatment with inhaled BDP
at either dose for three weeks had no signifi-
cant effect. The geometric mean baseline
PD,, in the group receiving 750 ug twice daily
was 0-56 umol; after placebo it was 0-49 umol,
and after BDP 0-61 yumol. In the group
receiving 1500 ug twice daily the baseline
PD,, was 0-65 umol; after placebo it was 0-51
umol and after BDP 0-58 umol.

In the one third of patients continuing on
inhaled BDP alone for the final treatment
phase the mean (95% CI) change in
PD,, over this final phase was —0-41
(—0-48-1-09) doubling doses of histamine
which was not significant.

Subjective measures

The subjective measures analysed were the
four dimensions of the quality of life ques-
tionnaire, the diary card breathlessness
scores, and the oxygen cost diagram.
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Table 5 Baseline characteristics of the two final
treatment phase groups expressed as mean (SE) unless
indicated.

Treatment group
Prednisolone
BDP alone + BDP
(n=31) (n =61)
Females (number) 5 20
Age (years) 66 (1-2) 66 (0-8)
FEV, (litres) 1-05 (0-06) 1-08 (0-08)
FEV,/FVC (%) 39-0 (2-2) 39-4 (1-6)
Mean PEF (1/min) 248 (17) 230 (12)
TLco (% predicted) 67-2 (5-5) 69-4 (3-2)
Kco (% predicted) 57-2 (4-8) 59-3 (2-7)
Diurnal variation
in PEF (% predicted) 9-9 (1-0) 11-5 (0-8)
FEV, reversibility to
200 ug salbutamol
(% predicted) 5:6 (1-0) 5-8 (0:7)
Serum IgE (kU/1)
(geometric mean) 54 86*
Number with positive
skin test 7 11
Current smokers 15 26
Ex-smokers 16 34
Never smokers 0 1
Cigarette consumption
(pack years) 49 (4'7) 47 (4-4)

*p < 0-05, all other comparisons non-significant. For
definition of abbreviations see table 1.

A small but significant improvement in the
dyspnoea score from the quality of life quest-
ionnaire was seen after treatment with
inhaled BDP. No difference between the two
doses given was detected. Placebo therapy
also improved this measure significantly over
the baseline score, but treatment with inhaled
BDP caused a further small but significant
increase (table 4). The three non-respiratory
components of the quality of life question-
naire showed variable changes. Only the
“mastery” questions showed a significant
improvement after inhaled BDP compared
with both placebo and baseline answers. The
results of the oxygen cost diagram showed a
significant improvement over baseline with
both placebo and inhaled BDP, but no differ-
ence was apparent between the active drug

Table 6 Mean (95% confidence interval) changes in
each of the lung function and subjective measures over the
third treatment phase.

Prednisolone (40 mg)
BDP alone + BDP
(n=31) (m=61)

FEV, (ml) 26 19
(—69-18) (-59-20)
FVC (ml) —-98 -5
(—208-11) (-94-84)
Mean PEF (1/min) 2-8 31
(-6-11-6) (-1-6-7-8)
Dyspnoea 1-7 0-7
(0-9-2-9) (-0-1-1-5)
Fatigue 05

1-1
(0-05-2-2) (-0-4-1-4)
. 0-4

—
Q

Emotional function
(-0-08-3-5) (-0-9-1-6)
1-1

Mastery —-0-1*
0-4-1-7) (-0-7-0-5)

O, cost 49 23
(-5:1-14-9) (-3-8-8'5)

Breathlessness score —0-1 0-1

(-0-4-0-2) (-0-05-0-3)

* p < 0-05. For definition of abbreviations see table 1.

Weir, Burge

and placebo therapy. Diary card breathless-
ness scores fell (improved) with inhaled BDP,
but showed a small rise after placebo. Both
doses of inhaled BDP were equally effective
at improving this measure (table 4).

The small improvement in the quality of
life questionnaire dyspnoea score was seen in
both responders and non-responders to BDP.
Only responders showed improvements in the
other three areas of the questionnaire, howev-
er, and in diary card breathlessness scores.
The correlation between change in the dysp-
noea and fatigue elements of the quality of
life questionnaire (Guyatt’s physical function
score) and the spirometric measures was poor
(Pearson correlation coefficients FEV,, r=
0-16; FVC, r = 0-14; PEF, r = 0-19).

EFFECT OF ORAL PREDNISOLONE

The characteristics of the patients who
received oral prednisolone, 40 mg per day,
for the final treatment phase, and the smaller
number who continued on inhaled BDP are
given in table 5. The two treatment groups
were well matched in terms of most of the
likely confounding factors. The patients
receiving oral prednisolone showed a higher
mean serum IgE level but similar levels of
skin test reactivity.

There was no significant difference be-
tween the two groups in the change in FEV,
or mean PEF from that recorded at the end
of the second (inhaled BDP) treatment
phase. Neither group showed any significant
change over the final treatment period in
FEV,, FVC, or mean PEF.

The categorical analysis showed that after
the final treatment phase the response rate
was similar in the two treatment groups. Of
the patients receiving combined therapy, 19
(31%) showed a response to treatment (com-
pared with baseline values), while 10 (32%)
of the group receiving inhaled BDP alone
showed a response as defined (y? = 0-01; df =
1; NS).

After a further three weeks of treatment
with oral prednisolone and inhaled BDP
there was no significant change in bronchial
responsiveness. In the combined treatment
group the mean (95% CI) change in PD,,
from the value recorded after three weeks of
treatment with inhaled BDP alone was 0-06
(—0-4-0-53) doubling concentrations.

The change in the dyspnoea, fatigue, and
emotional function elements of the quality of
life questionnaire from that recorded at the
end of the second treatment phase was not
significantly different in the patients receiving
oral prednisolone during the third treatment
phase and those patients continuing on
inhaled BDP alone (table 6). The latter group
showed larger mean changes in the three
areas of the quality of life questionnaire, but
the mastery dimension was the only compo-
nent in which the differences between the
final phase treatment groups were significant.
The changes in the oxygen cost diagram and
diary card breathlessness scores were also
similar between the two third phase treatment

groups.
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Discussion

Our results have shown a small but significant
effect of treatment for three weeks with
inhaled BDP on the lung function parameters
analysed. All three end points showed signifi-
cant improvements, with the two doses of
BDP used being equivalent in this respect.
The “categorical” analysis confirms these
findings. More patients showed a treatment
response to predefined criteria after inhaled
BDP than after placebo. Again both doses of
BDP were equivalent. The addition of oral
prednisolone for a further three weeks to the
treatment regime did not produce any addi-
tional improvement to that seen by continu-
ing on inhaled BDP alone.

The effect of treatment with inhaled corti-
costeroids on subjective measures was more
variable and significant placebo effects were
seen in some of the quality of life dimensions.
Two of the three measures of dyspnoea used,
however, showed significant improvements
after treatment with BDP; the third (the oxy-
gen cost diagram) was poorly understood by
the patients studied and the results of this
may therefore be unreliable. In addition the
“mastery” element of the quality of life ques-
tionnaire showed significant improvements
after three weeks of treatment with inhaled
BDP. Again when prednisolone was added to
the inhaled treatment no additional effect was
noted.

We were unable to detect an effect of
either three or six weeks of treatment with
inhaled BDP on bronchial hyperresponsive-
ness to inhaled histamine in this group of
patients, or any effect of combined treatment
for three weeks.

Patients acted as their own controls in this
study, although not in a crossover design.
The sequential design chosen to limit the
study group size, however, may not eliminate
learning effects as an explanation for any
changes seen. With the measures of airflow
this can be discounted as no placebo effect
was seen. Some or all of the small subjective
response seen could be due to a learning
effect. The observation that only responders
showed significant changes in all elements of
the quality of life questionnaire suggests
strongly, however, that the treatment effect is
significant.

The absolute mean changes in the three
physiological end points after inhaled BDP
were small. This reflects the large number of
individuals who showed no response to treat-
ment and the use of three criteria to define
response. The mean improvement in FEV,
after inhaled BDP is comparable with that
seen after oral prednisolone in similar
patients in two previous trials,°?! although
only one third of that seen in two further
studies.???® The response rate in individual
patients to inhaled BDP is slightly higher
than that seen in our previous study,’ and in
the current study BDP was as effective as oral
prednisolone. The use of a spacer device to
deliver the inhaled drug and the increased
intrapulmonary deposition of the drug may
explain these apparently different results. The
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absence of a BDP dose effect may also simply
reflect the plateau of the dose-response curve
when a spacer device is used for drug deliv-
ery.

This is the first study investigating the
effects of corticosteroids in chronic airflow
obstruction that has used a formal quality of
life measure to assess symptomatic benefit.
The quality of life questionnaire developed by
Guyatt has been used in therapeutic trials
before and appears to be sensitive and
responsive. In a small study comparing
inhaled salbutamol and oral theophylline,
Guyatt’s group found significant improve-
ments in the physical function dimension of
the questionnaire, the combined dyspnoea
and fatigue scores averaging 4-5.2* The mean
improvement in this score in our study was
3-6, comparable to the effects of bronchodila-
tors. Despite quite small improvements in
lung function, we, like Guyatt, also detected a
significant improvement in the “mastery”
scores. It is possible that a longer period of
treatment would produce greater changes in
quality of life in our patients, as many of the
factors relating to impaired quality of life will
only be indirectly related to airflow obstruc-
tion—for example, exercise limitation due to
breathlessness causing disuse atrophy of limb
muscles—and improvement in these factors
would be expected to lag behind that in lung
function. On an individual patient basis, sig-
nificantly more patients showed an improve-
ment in the physical function score of 4 or
more (considered by Guyatt to be a clinically
significant change) after BDP than after
placebo, confirming the beneficial effect of
active treatment on quality of life.

The lack of an effect of either inhaled BDP
or oral prednisolone on bronchial hyper-
responsiveness to inhaled histamine is in
keeping with other studies.’!'?!* Bronchial
responsiveness in this group of patients with
severe chronic airflow obstruction may be pri-
marily dependent upon the geometric effects
of airway narrowing, rather than reflecting
airway inflammation as in asthma. Treatment
with inhaled BDP was given for a maximum
of six weeks and, although it is possible that a
longer period of treatment may have been
effective, in patients with asthma improve-
ments in bronchial hyperresponsiveness with
inhaled corticosteroids are apparent, although
not maximal, after a similar period of treat-
ment.

A further possible criticism of this study is
the patient selection criteria used. The crite-
ria adopted were clinically based as we were
keen to study the patients in whom a “trial of
steroids” is recommended.!' Only one patient
was not or had not been a cigarette smoker,
the majority showed little reversibility of
FEV, to bronchodilators, and there was a
substantial irreversible element to the airflow
obstruction in most patients. A large degree
of reversibility in FEV, and a return of the
airways obstruction to normal or near normal
values either spontaneously or after a bron-
chodilator appear to be the major factors gov-
erning diagnostic labelling of patients with
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chronic airflow obstruction.? Using these cri-
teria most of the patients recruited to our
study would not be labelled asthmatic. Until
better methods of distinguishing between
asthma and non-asthmatic chronic airflow
obstruction become available, perhaps on the
basis of basement membrane thickening in
bronchial biopsies,?® inexact clinical criteria
are all that is available. The patients included
in this study have similar characteristics to
those in other studies described as having
“smoking related chronic airflow obstruc-
tion”,”% and the diurnal variation in PEF
was similar to that seen in the normal popula-
tion.”? We believe our results are applicable to
this clinically defined and recognisable popu-
lation.

Our results do not answer the question of
the long term role of treatment with inhaled
corticosteroids in patients with chronic air-
flow obstruction, and the significance of a
positive “steroid trial”. Why some patients
are apparently unresponsive to such treat-
ment over the short term is not clear. Only
studies which attempt to characterise patients
on the basis of airway disease and inflamma-
tion are likely to answer these questions
comprehensively.

This study was generously supported by Glaxo Group
Research Ltd. The help of the staff of the lung function labo-
ratories at East Birmingham Hospital, the Birmingham Chest
Clinic, and Solihull Hospital is gratefully acknowledged.
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