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Long-Term Treatment with Oral
Sustained-Release Theophylline

A Double-Blind, Controlled Study

ALLAN BUNDGAARD and BENI WEEKF

Medical Dept, FA, Rigshospitalet, Copenhagen, Denmaik

I he treatment of chronic asthma with a sustained-,clease thcophyllino p,eparation was
evaluated in a placebo controlled, 2 x 4 week, randomised, double-blind study. The dose
which would give serum theophylline levels in the range of 10-20 mcg/,nl had been
p,eviou,sly deter,iiined for each patient. 1 his individitallsatlon of dosage tesulted in 80% of
tfie patients having seruni concentrations within the 10-20 nicg/ml theiapeutic range. File
ave,age dally dose taken by males was 998,55 mg (,ange 700-1175 mg) and by females
778,1 (range 500-1000 ,ng).

Of tfie 33 patients who completed tlie study 28 had less asthma during the theophylline
period, four did not respond a,id one did better during tfie pfacebo period. No se, ious side
effects we,e ,eported. During theophylline therapy, patient's recjuitcments for aerosof
f>,oncfiocfifators wete sig,iificantly reduced.

Kn wind xi-,ele; tlleopliylline.

Acc.epleii for publication 10 October 1981

Oral theophylline is widely used for the treat-
ment of chronic asthma and the itnportance oi
maintaining a therapeutic blood level has been
stressed during the last decade. Recent studies
have shown that therapeutic serum levels are
easily and safely achieved by sustained release
tablets given twice daily (3, 12, 15, 16, 18, 19,
21,26),

Although theophylline has been used in the
treatment oi asthma for longer than both
bedomethasone and sodium crotnoglycate, iti
contrast to the latter agent, whose value in the
prophylaxis of childhood asthma is well docu-
mented, (1, 2, 7-10, 27) few studies have been
reported which demonstrate the usefulness of
theophylline in long-tertn treattnent,

rhe aims of this study were, 1) to assess the
clinical value of theophylline treatment ob-
jectively by comparison with placebo, and 2) to
obtain an itnpression of the range of dosage
required to produce therapeutic serum levels in

long-tertn treatment when theophylline is ad-
ministered twice daily utilising a slow-release
preparation.

MKTHODS ,\ND PATIEN IS

Study de.sigrt

The study design is sutntnarised in Figs, 1 and
2, Before etitering the study all patients were
required to give their informed consent. The
study consisted of two parts:

An "open"-dose evaluation phase during
which the theophylline dose required to give a
plastna concetitration within the therapeutic
range of 10—20 tncg/ml was detertnitied,

A randomised, double-blind, cross-over
study of 4 week's duration oti active sustaitied-
I elease theophylline and 4 weeks of an exactly
matching placebo preparation.
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Open -dose evaluation phase

\ 1 Week jr1 Week

s -theophylline

t
s-theophylline

t
1) Calculated 13mg/kg/day

2) Dose adjusted to p-theophylline between
10-20pg/ml using 125 mg intervals

Fig, 1, Diagram of trial design for the open, dose evaluation
phase. Dose giveti during week 1 calculated at 13 mg/kg/day.
Dose given duri,ig second week adjusted according to plasma
concent,ations achieved in week I,

After this procedure had been cotnpleted, the
patients entered a "wash-out period" of at least
1 week during which they teceived no theo-
phylline.

The duration of the double-blind, cross-over
trial was 8 weeks. During the first 4 weeks the
patients were randotrtly allocated to receive
either the active drug or a tuatching placebo
tablet in the same dosage. In the second period
of 4 weeks they were "crossed-over" to the al-
ternative regimen.

Active and placebo tablets for the double-
blitid phase of the study were pre-packed to

Randomized double-blind cross-over

open
dose

S-theophylline s-theophylline

1. Petiod 2 Period

IWeek t, Weeks 4 Weeks

I'ig, 2. Diagra,n of cfoufjle-blind study. Patients randomly
allocated to receive sustained-release theophylline or ,iiatch-
i,lg placebo tablets.

For the first week of the open, dose-evalua-
tion phase all patients were given a "calculated
dose" of 13 mg/kg/day (29) given as "Nuelin"
Retard, Patients not previously treated with
theophylline were given an "induction dose" of
500 mg per day for the first 3 days of this
phase. Dosage was then increased in these pa-
tients to 13 mg/kg/day for days 4, 5, 6 and 7,
The patients were instructed to take the morn-
ing dose at home on day 8 at 0800 h before
attending hospital for blood satnpling at 1300 h,
— that is 5 h after the morning dose when they
were expected to be in "steady-state". This pro-
cedure was not necessarily used for patients
aheady receiving theophylline treatment but
these patients too had their dosage changed to
establish a steady-state at a dosage of 13 mg/kg/
day. If the serum theophylline concentration
was between 10 and 20 mcg/tnl the patient was
given the satne daily dose throughout the
second, double-blind phase of the study. If the
serum level was above or below these litnits, the
dose was adjusted and the patients received a
further 7 days' treatment at their "adjusted
dosage".

pertnit easy and accurate dispensing and to en-
sure the integrity of the double-blind design.
Patients were allocated - by the findings during
the open dosage evaluation phase — to a dosage
closest to their individual requirements. Thus, a
patient requiring 700 mg theophylline per day
was randomly allocated to a pre-prepared pack
containing either 4 weeks' supply of active or 4
weeks' supply of placebo tablets at his own indi-
vidually determined 700 mg dosage require-
ments.

Packs were prepared containing tablets pro-
viding 500, 700, 850, 1000 and 1175 mg of
theophylline or placebo per day. Patients were
allocated to receive dosage from the pie-
prepared pack which was nearest to their indi-
vidual "calculated" or "adjusted" dose.

The preparation used was a sustained-release
preparation ("Nuelin" Retard, 175 mg and 250
mg tablets) which was given twice daily.

Before entering the study all patients had
filled out diary cards for at least 1 tnonth. They
measured and recorded their own peak expira-
tory flow (PEF) every morning and night with a
Wright Mini-meter, In addition they were in-
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structed to take a reading every time they felt a
need for additional bronchodilatation. If the
PEF was less than 60% of the highest PEF
which the patient could perform, he or she was
to take one puff of a beta,,-agonist spray. Five
minutes later PEF was again to be measuted
and if the reading was over "60%-value" no
more bronchodilator was to be taken. If, on the
other hand, the PEF after bronchodilatation
was still lower than the "60%-value", another
puff of betag-agonist aerosol was to be taken
and this procedure repeated until the PEF was
greater than the 60% value. In the itntnediate
pre-study period theophylline was withheld but
the use of beta.^-agonist inhalers was permitted
up to 10 puffs per day. In this pre-study period
it was therefore possible to establish that the
patient was in a stable phase of the disease and
to assess his usual consumption of an aerosol
beta, stimulant preparation.

At the end of each 4-week period patients
were seen in the out-patietit clinic where blood
was taken for serum theophylline assay and the
diary card was scrutinised for recorded side
effects.

Patients

The patients who took part in the study were
all adults between 18 and 65 years with peren-
nial asthma, but who were otherwise healthy.
The other criteria for ,selection were the need
to take at least four puffs a day of a beta,,-
agonist inhaler, and itnprovetnent in FEV,
greater than 20% following two puffs of an
isoprenaline inhaler, a PEF greater than 200
1/min and the mental ability to satisfactorily
complete a diary card.

RESULTS

Sixty-one patients agreed to enter the study.
Thirty-three of these were tandotnly etitered
into the fortnal, double-blitid study period after
their competence in the completion of the diary
card had been accepted and the daily doses of
medicines other than the betag-agonists had
been regulated so that the need for inhalation

Fable 1

,A,nth,opological data and the duration of asthtna

Nutnber of patients

Age (yeats)

Weight (kg)

Height (cm)

Du, ation of asthtna
(years)

mean
range

mean
ra,ige

mean
,ange

mean
ra,ige

Male

17

46,0
26-(M

79,6
64-97

176
162-188

Male

17,9
2-50

Fe,nale

16

38,1
17-59

60,4
48-79

165
158-178

Female

13,9
1-32

Table 2

Number of patients with b-eosinophilia and increased IgF in
the blood, Fteattnent denotes amount of corticosteroid em-
ployed, whereas the descriptioti of asthtiia de,iotes number

of patients employitig the different fevefs of corticosteroids

Serum-lgF,

Fosinophlls

,\sth,na

I leatnient

< 263 U/ml
> 263 U/inl

< 250 Mill/1
> 359 Mill/1

No daily medicine

DaiK' ,nedlci,ie —
no corticosteroid

Local coi ticostetoid
(spray)

,Systemic
corticostet'oid

Oral steroids
(5 to 12 mg/day)

15eclo,nethasone
(8 to 12 puffs/day)

No steroid

Male

8
9

6
11

0

3

11

3

3

14

3

Female

12
4

0

3

7

6

(i

13

3

of aerosol sprays was betweeti 4 atid 10 puffs
per day, Nitie out ofthe 28 patients who did not
start the double-blind study just stayed away
without giving a reason. Six patients suffered
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Table ?>

Avctage thcophyllinc dose given to obtain a serutn level
between 10 and 20 mg/l, and the number of patients receiv-

ing the different theophyliine dosages

Male Female

I heophyllitie dose

(mg/kg/day)

Mean

1,2

12,9

2,3

Dose Number of patients

Male Female

500 mg/day
700 mg/day
850 mg/day

1000 mg/day

1175 mg/day

0
1
4
7

5

2
4
9
1

0

Table 4

Side effects. Most of the side effects pet sisted
for about a week

Nausea, vomiting,
diarrhoea, pain

Headache, tiredness

Tachycardia

Active

10

2

Placebo

2

4

0

from other diseases and three continued to
change their medication without permission.
Three did not use betag-agonist sprays at least 4
times daily and two patients could not learn to
complete the diary card satisfactorily. Five failed
to complete the trial for various other reasons.

Sixteen of the patients were females, 11 of
whom had never stnoked and only one of whom
still smoked each day. Four of the 17 men were
smokers and six had never smoked. For anthro-
potnetic data, see Table 1, The values of eosin-
ophils and IgE are shown in Table 2 together
with the additional medication given to the pa-
tients during the study,

Fhe average daily use of betag-agonist in-
halers during the last 7 days of each of the two
periods was compared using a paired t-test for

each patient. The patient was categorised as a
responder in the period where he or she used
significantly (P < 0,05) fewer inhalations. If the
patients developed status asthtnaticus in jine oi
the periods he or she was automatically cate-
gorised as a responder to the alternative tnedi-
cation.

Twenty-eight of the 33 patients who com-
pleted the study were responders in the theo-
phylline period. One patient was a responder in
the placebo period and in the four other cases
the results were equivocal. Six of the responders
to theophylline developed status asthtnaticus,
which was treated in the hospital emergency
room, during the period when they were re-
ceiving placebo.

The other 22 responders reduced their daily
intake of inhaled bronchodilator therapy from
an average of 8,9 puffs per day in the placebo
period to 4,6 puffs per day in the period when
sustained-release theophylline was being taken.

The different dosages of theophylline taken
by the patients are shown in Table 3, On aver-
age, the females received 778,1 mg/day divided
into two daily doses and the tnales received
998,5 mg/day.

The side effects which occurred in both the
theophylline period and the placebo period are
listed in Table 4, These side effects were tnild
and usually short-lived, lasting about 1 week,
and could appear at the beginning or at the
end ofthe period,

Theophylline serum concentrations

During the active treatment period six patients
had serum values between 5 and 10 mcg/ml, 26
patients values between 10 and 20 mcg/ml and
one patient had a plasma concentration of 29,1
mcg/ml. On the last day of the placebo period
all the patients had theophylline levels of less
than 0,1 mcg/ml,

DISCUSSION

There is ample published evidence that sus-
tained-release preparations are capable of giv-
ing serum theophylline concentrations in the
range which is considered to be therapeutic (3,
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12, 14, 15, 16, 18, 19, 21, 26) namely between
10 and 20 mcg/ml. This was confirmed in the
present study in which serum levels weie in the
therapeutic range at the end of 4 weeks' treat-
ment in the majority of cases.

In six patients serum concentrations were
below the expected level but compliance by the
other 27 patients was obviously beyond ques-
tion. The necessity for good compliance by
asthmatic patients during theophylline therapy
has been stressed in recent years (5, 24),

In four out of the six patients who had
serum theophylline concentrations of less than
10 mcg/ml, the concentration was only slightly
less at 9,0 mcg/ml. In one other patient, who
surprisingly was classified as a responder to the
placebo period, the serum concentration was 8,3
mcg/ml. The sixth patient's serum concentra-
tion was 5,1 mcg/tnl. These few low sertim con-
centrations cannot be explained by the patients'
smoking habits (13, 20),

The individualised dosage of theophylline
given in this study appears to have been both
effective and safe in terms of clinical response,
serum theophylline concentrations and the inci-
dence of side effects. In other studies the serum
level has usually exceeded 30 mcg/ml before
severe side effects have appeared (11, 30),

Published studies comparing the effect of
theophylline with other regimens are rare. It is,
however, clear that the addition of ephedrine to
adequate doses of theophylline gives little or no
additional benefit in the long-term treatment of
asthma (6, 25), It has also been shown that
addition of cromoglycate to theophylline treat-
ment is of limited value (10), The addition of
theophylline to beta^-agonists given orally may
confer benefit but the side effects of these
agents have been shown to be additive when
both are given by mouth (4), It is logical to use
theophylline as complementary therapy to in-
haled betag-adrenergic stimulants to achieve an
additional bronchodilator effect with an in-
crease in side effects (17, 23, 28),

As has been shown by the results of the pre-
sent study, the use of theophylline as a "base-
line treatment" in asthma can significantly re-
duce the need for sympathomimetic inhaled
bronchodilators.

CONCLUSION

It is concluded that theophylline given as a
sustained-release preparation is effective and re-
latively trouble-free in the long-term treatment
of asthma. When theophylline is given alone,
dosages of about 750 mg/day for women and
about 1000 mg/day for men, appear to be op-
timum.
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