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A B S T R A C T

This pooled analysis of double-blind, randomized, placebo-controlled trials aimed to investigate the impact of
DOxofylline compaRed tO THEOphylline (DOROTHEO 1 and DOROTHEO 2 studies) on functional and clinical
outcomes in asthma. Asthmatic patients ≥16 years of age with forced expiratory volume in 1 s (FEV1) ≥50%
and<80% and with ≥15% post-bronchodilator increase in FEV1 were randomized in a 1:1:1:1 ratio in DOR-
OTHEO 1 to receive doxofylline 200mg, doxofylline 400mg, theophylline 250mg, or placebo; in DOROTHEO 2
patients were randomized in a 1:1:1 ratio to receive doxofylline 400mg, theophylline 250mg, or placebo. All
double-blind treatments were taken orally with immediate release formulations and three times daily. Data
evaluating the effect of doxofylline 400mg, theophylline 250mg and placebo on FEV1, asthma events rate, use of
salbutamol as rescue medication and adverse events (AEs) were pooled from both studies. The pooled-analysis of
483 patients demonstrated that both doxofylline 400mg and theophylline 250mg significantly increased FEV1,
reduced the rate of asthma events and use of salbutamol to relieve asthma symptoms compared to placebo
(p < 0.01). No significant differences were detected between doxofylline 400mg and theophylline 250mg.
Doxofylline 400mg did not significantly (p > 0.05) increase the risk of AEs compared to placebo, conversely in
patients treated with theophylline 250mg the risk of AEs was significantly (p < 0.05) greater than in those that
received placebo. We conclude that doxofylline seems to offer a promising alternative to theophylline with a
superior efficacy/safety profile in the management of patients with asthma.

1. Introduction

Xanthines are structurally related drugs, used in clinical manage-
ment of patients with chronic obstructive respiratory disorders, in-
cluding asthma and chronic obstructive pulmonary disease (COPD).
However, commonly used xanthines (theophylline, aminophylline)
have a major drawback in that they have a very narrow therapeutic
window and propensity for many pharmacological interactions [1–6].
The advent of other classes of drugs, such as the new inhaled corti-
costeroids (ICSs) and long-acting bronchodilator agents, has limited the
use of xanthines, despite their clear clinical benefit in the treatment of
some patients with chronic obstructive respiratory disorders [3].

Doxofylline is a newer generation xanthine with bronchodilating
and anti-inflammatory actions [7–11]. In experimental animals, this
drug has also been shown to have anti-inflammatory activity in a rat
pleurisy model and to inhibit human eosinophil activation by affecting
Ca++ activated K+ channels [12,13]. Doxofylline is also able to pro-
vide prophylactic effects against bronchoconstriction induced by pla-
telet-activating factor and methacholine in guinea-pigs and dogs
[13–15].

In human, two multicenter, double-blind, randomized trials, carried
out in 21 Italian pulmonary clinics to investigate the therapeutic effi-
cacy and tolerability of doxofylline compared to slow-release theo-
phylline or aminophylline, demonstrated that doxofylline is an effective
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and well tolerated agent in patients suffering from chronic reversible
airways obstruction [16,17]. A number of other studies confirmed the
beneficial clinical effects of doxofylline in asthma and COPD [1,5,18].

In summary, bronchodilatory effects of doxofylline have been de-
monstrated in patients suffering from asthma or COPD [1,2,15,19–21]
but, to the best of our knowledge, large scale data comparing the effi-
cacy and safety of doxofylline to those of the more commonly used
theophylline in the treatment of asthma are still lacking. To explore
this, we examined data from two independent, double-blind, rando-
mized, placebo-controlled trials that aimed to investigate the impact of
DOxofylline compaRed tO THEOphylline (DOROTHEO 1 and DOROT-
HEO 2 studies) [22,23] in asthma. Data were pooled in order to perform
a pre-specified analysis of the two studies, which together are powered
to provide more reliable estimates of the effect of the investigated drugs
on lung function, asthma events rate, use of salbutamol to relieve
asthma symptoms, and adverse events (AEs).

2. Materials and methods

2.1. Study design

DOROTHEO 1 and DOROTHEO 2 were Phase III, multicentre,
double-blind, randomized, parallel-group, placebo-controlled, clinical
trials, conducted in 37 centres in the United States [22,23]. Each study
had one week run-in period during which the subject took placebo
followed by 12-week treatment period and a 1-week single-blind pla-
cebo run-out phase at the end of the study. Patients were randomized in
a 1:1:1:1 ratio in DOROTHEO 1 to receive doxofylline 200mg, dox-
ofylline 400mg, theophylline 250mg, or placebo. Patients were ran-
domized in a 1:1:1 ratio in DOROTHEO 2 to receive doxofylline
400mg, theophylline 250mg, or placebo. All treatments were taken
orally with immediate release formulations and three times daily (tid)
during all the study phases.

The studies were conducted in accordance with the Declaration of
Helsinki, International Conference on Harmonisation/Good Clinical
Practice Guidelines and local regulations. The study protocols were
reviewed and approved by Institutional Review Boards at each study
centre. The studies have been registered in the International Standard
Randomized Controlled Trial Number (ISRCTN65297911 and
ISRCTN22374987) and detailed information can be found at http://
www.isrctn.com/ISRCTN65297911 and http://www.isrctn.com/
ISRCTN22374987.

2.2. Study population

Patients with asthma who were ≥16 years old, who had forced
expiratory volume in 1 s (FEV1) within 50%–80% of the predicted and
who showed at least 15% post-bronchodilator (salbutamol 180 μg) in-
crease in FEV1 were enrolled. Key exclusion criteria included serious
concomitant cardiovascular, renal, hepatic or metabolic diseases.
Pregnant or lactating women were likewise excluded. Patients who had
taken drugs known to affect theophylline clearance were also excluded.
The study flowchart is reported in supplementary data file (Table S1).

Patients were permitted to use inhaled salbutamol as rescue medi-
cation. Treatments with other oral xanthines, inhaled β2-agonists or
antimuscarinic agents and inhaled corticosteroids were withheld be-
tween 72 h and one week before the beginning of the study and during
the study period.

2.3. Study endpoints

The primary endpoint of this pooled analysis was the change from
baseline in FEV1, expressed as percentage (%), after 12 weeks of
treatment.

The secondary endpoints included: i) the overall change from
baseline in FEV1 during the study period vs. placebo and between active

treatments; ii) the change from baseline in asthma events rate (n/day)
after 12 weeks of treatment and the overall change during the study
period vs. placebo between active treatments; and iii) the change from
baseline in salbutamol use rate (puffs/day) after 12 weeks of treatment
and the overall change during the study period vs. placebo between
active treatments.

This pooled analysis assessed the effect of doxofylline 400mg,
theophylline 250mg, or placebo in asthmatic patients. The effect of
doxofylline 200mg was investigated only in DOROTHEO 1 [22] and
therefore was not included in this pooled analysis.

The patients used diary cards to record the date and time that each
dose of study medication was taken, date and time of asthma episodes,
date and time of each salbutamol use, and date and time of any AEs.

2.4. Assessment of safety and drop-outs

All clinical AEs were recorded and graded as mild, moderate or
severe. Their relationships with active treatments were classified as
follows: 1) not related, 2) possibly related, 3) definitely related or 4)
unknown. Also recorded for each event were the duration of the
symptoms and the action taken (none, reduction of the dose or dis-
continuation of treatment). Subjects were removed from therapy or
assessment for: 1) non-adherence to treatment, 2) persistent drug-re-
lated AEs with patient's willingness to discontinue treatment, 3) serum
theophylline levels exceeding 20 μg/mL or 4) elevated doxofylline
concentrations (> 2 standard deviations above the mean) in the pre-
sence of any drug-related AE.

2.5. Statistical analysis

Data are expressed as mean ± standard error of the mean (SEM).
The statistical analysis compared FEV1 measured by spirometry ob-
tained at baseline (immediately prior to the start of double-blind
treatment) with the results obtained 2 h after administration of study
medication (2-h postdose FEV1) at each visit during double-blind
treatment. The derived variable was the percent change between these
two assessments. Absolute changes were calculated for the asthma
events rate (total number of events divided by total number of days on
study medication) and salbutamol use rate (total number of puffs di-
vided by total number of days on study medication). Baseline for the
latter two variables was defined as the value obtained from the diaries
during the placebo run-in phase. The safety analysis was performed by
calculating the risk of AEs compared to placebo, and data were reported
as risk ratio (RR) and 95% confidence interval (95%CI).

The DOROTHEO 1 and DOROTHEO 2 studies [22,23] had similar
protocol, with the same treatment groups, except that DOROTHEO 1
included also a low dose doxofylline group (200mg tid).

The analysis of the changes from baseline was performed by using t-
test, whereas the two-way analysis of variance (ANOVA) was used for
evaluating the difference across the treatments during the study period.
All differences were considered significant for P < 0.05. Data analysis
was performed by using Prism 5 software (GraphPad Software Inc, CA,
USA) and OpenEpi software [24].

3. Results

3.1. Patient population

Six hundred sixty six patients were screened for participation in the
pooled studies [22,23] and entered the placebo wash-out. One hundred
patients did not enter the double-blind period because they either no
longer met all the selection criteria. A total of 566 patients were en-
rolled and randomized. Of the patients randomized, 63 received dox-
ofylline 200mg, 163 received doxofylline 400mg, 155 were treated
with theophylline 250mg and 165 were administered placebo during a
period of treatment of 12 weeks. Data for the doxofylline 200mg are
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not reported in this pooled analysis because it was investigated only in
DOROTHEO 1 study [22]. Patient enrolment and the reasons for dis-
continuation are presented by treatment group in Fig. 1.

Patient demographics and baseline characteristics were similar with
no significant differences (P > 0.05) across the treatment groups, as
reported in Table 1. The summary of prior asthma medications is re-
ported in is reported in supplementary data file (Table S2).

3.2. Lung function (FEV1)

Both doxofylline 400mg and theophylline 250mg significantly
(P < 0.001) increased 2-h postdose FEV1 compared to baseline after 12
weeks of treatment (+16.32 ± 3.29% and +15.73 ± 3.37%, re-
spectively), and these improvements exceeded the minimum clinically
important difference (MCID) of 12% and 200 mL (+374 ± 75 mL and
+371 ± 80 mL, respectively) [25,26]. Additionally, both doxofylline

400mg and theophylline 250mg significantly (p < 0.001) improved
the change from baseline in 2-h postdose FEV1 vs. placebo during the
study period (Fig. 2). No significant (P < 0.05) difference were de-
tected between doxofylline 400mg and theophylline 250mg with re-
spect to 2-h postdose FEV1 from week 2 onwards (absolute difference:
1.42 ± 3.08%).

3.3. Asthma events

Doxofylline 400mg and theophylline 250mg both significantly
(p < 0.05) reduced the rate of asthma events compared to baseline
after 12 weeks of treatment (events/day: −0.55 ± 0.18 and
−0.57 ± 0.17, respectively). Doxofylline 400mg and theophylline
250mg also significantly (P < 0.001) improved the change from
baseline (measured during run-in phase) in asthma events rate vs.
placebo during the study period (Fig. 3). No significant (P < 0.05)

Fig. 1. CONSORT diagram of patient flow in the pooled DOROTHEO 1 and DOROTHEO 2 studies. Data for the doxofylline 200mg are not reported in this pooled
analysis and can be found elsewhere [22].

Table 1
Patient demographics and baseline characteristics for the pooled DOROTHEO 1 and DOROTHEO 2 studies.

Doxofylline 400mg (n=163) Theophylline 250mg (n=155) Placebo (n= 165)

Age (years, mean ± SEM) 36.23 ± 1.35 36.31 ± 1.5 36.95 ± 1.55
Gender (male, n and %) 79 (48.47) 70 (45.16) 75 (45.45)
Ethnicity (n and %)
Caucasians 139 (85.28) 131 (84.52) 145 (87.88)
African Americans 10 (6.13) 12 (7.74) 9 (5.45)
Latin Americans 10 (6.13) 12 (7.74) 9 (5.45)
Others 4 (2.45) 0 2 (1.21)

Body Weight (kg, mean ± SEM) 79.52 ± 2.13 79.91 ± 2.04 80.55 ± 1.91
Height (cm mean ± SEM) 168.08 ± 1.42 167.55 ± 1.70 168.70 ± 1.58
FEV1 (L, mean ± SEM) 2.29 ± 0.06 2.36 ± 0.07 2.34 ± 0.07
FEV1 (% predicted, mean ± SEM) 64.92 ± 1.15 66.58 ± 1.15 65.92 ± 1.02
Asthma events (n/day, mean ± SEM) 1.88 ± 0.17 1.77 ± 0.18 1.77 ± 0.19
Salbutamol use (puffs/day, mean ± SEM) 3.63 ± 0.34 3.41 ± 0.35 3.45 ± 0.43
Precipitating factors (n and %) 160 (98.16) 150 (96.77) 156 (94.55)
At least one past hospitalization for asthma (n and %) 71 (43.56) 64 (41.29) 64 (38.79)
Age at onset of asthma (years, mean ± SEM) 15.00 ± 1.50 15.69 ± 1.66 17.95 ± 1.80
Duration of asthma (years, mean ± SEM) 21.12 ± 1.45 20.62 ± 1.49 19.00 ± 1.50
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difference were detected between doxofylline 400mg and theophylline
250mg with respect to asthma events rate from week 2 onwards (ab-
solute difference in events/day: 0.05 ± 0.15).

3.4. Rescue medication

Doxofylline 400mg and theophylline 250mg both significantly
(P < 0.05) reduced the use of salbutamol compared to baseline
(measured during run-in phase) after 12 weeks of treatment (puffs/day:
−1.10 ± 0.34 and −1.14 ± 0.33, respectively). Doxofylline 400mg
and theophylline 250mg also significantly (p < 0.01 and p < 0.001,
respectively) reduced the use of rescue medication vs. placebo during

the study period (Fig. 4). No significant (P < 0.05) difference were
detected between doxofylline 400mg and theophylline 250mg with
respect to the use of salbutamol from week 2 onwards (absolute dif-
ference in puffs/day: 0.09 ± 0.30).

3.5. Safety profile

The safety profile of doxofylline 400mg (the overall risk of AEs) was
not significantly higher that what was encountered with placebo (RR
1.16 CI95% 0.95–1.42), conversely in patients treated with theophyl-
line 250mg the overall risk of AEs was significantly (p < 0.05) greater
than in those that received placebo (RR 1.27 CI 95% 1.05–1.55).

Fig. 2. Impact of doxofylline 400mg, theophylline 250mg and placebo on the change from baseline in 2-h postdose FEV1 (A: %; B: mL), as measured during clinic
visits. The MCID reported as 12% change in FEV1 on the y axis (A) corresponds to 278mL change in FEV1 by considering the asthmatic patients enrolled in
DOROTHEO 1 and DOROTHEO 2 studies. FEV1: forced expiratory volume in 1 s; MCID: minimum clinically important difference. ***P < 0.001 vs. placebo
(statistical analysis assessed via two-way ANOVA).
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Specifically, theophylline 250mg significantly increased the risk of
nausea (RR 2.29 CI 95% 1.41–3.71, p < 0.001), nervousness (RR 3.50
CI 95% 1.55–7.92, p < 0.001), insomnia (RR 6.74 CI 95% 2.04–22.33,
p < 0.001), and overdose (serum theophylline level above 20 μg/mL,
RR 8.57 CI 95% 1.08–67.71, p < 0.001) compared to placebo.
Although doxofylline 400mg did not modulate the overall risk of AE, in
patients treated with doxofylline 400mg the risk of insomnia was

significantly greater than in those treated with placebo (RR 4.34 CI 95%
1.23–15.11, P < 0.01). Table 2 shows the detailed frequency of AEs in
the treatments groups. The withdrawal due to AEs was significantly
(p < 0.01) greater in patients treated with theophylline 250mg than in
those that received doxofylline 400mg (RR 2.30 CI95% 1.33–3.98).

Three serious AEs (SAEs) were recorded in the doxofylline group (1
asthma exacerbation, 1 systemic reaction to immunotherapy, 1 cold

Fig. 3. Impact of doxofylline 400 mg, theophylline 250 mg and placebo on the change from baseline in asthma events rate (events/day), as measured during clinic
visits. ***P < 0.001 vs. placebo (statistical analysis assessed via two-way ANOVA).

Fig. 4. Impact of doxofylline 400 mg, theophylline 250 mg and placebo on the change from baseline in salbutamol use rate (puffs/day), as measured during clinic
visits. ***P < 0.001 and **P < 0.01 vs. placebo (statistical analysis assessed via two-way ANOVA).
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leading to asthma exacerbation), 1 SAE was detected in the theophyl-
line group (severe asthma exacerbation), and 1 SAE was reported in the
placebo group (degenerative disk disease). Among these SAEs, only the
severe asthma exacerbation in the theophylline group was classified by
the investigator to be possibly related to study medication, the other
SAEs were classified to be not drug related.

No subjects died during the studies or within 30 days after finishing
the studies.

4. Discussion

This pooled analysis of DOROTHEO 1 and DOROTHEO 2 studies
[22,23] showed that over 12 weeks, treatment with doxofylline 400mg
and theophylline 250mg both significantly increased 2-h postdose FEV1

compared to baseline in asthmatic patients, and that such improve-
ments exceeded the MCID from week 2 onwards. The overall im-
provement in the change from baseline in 2-h postdose FEV1 was si-
milar between doxofylline 400mg and theophylline 250mg, and
significantly greater than that elicited by placebo. Similarly, both
doxofylline 400mg and theophylline 250mg were effective in reducing
the rate of asthma events and use of salbutamol to relieve asthma
symptoms compared to baseline. In this regard, both medications were
significantly more effective than placebo during the study period, and
no difference in efficacy was detected between the active treatments.
Interestingly, the trend of improvement elicited by doxofylline 400mg
and theophylline 250mg with respect to the rate of asthma events was
similar to that of salbutamol use. This evidence suggests that metrics of
salbutamol used as rescue medication may predict the rate of asthma
events, and further supports previous findings indicating that higher
daily salbutamol use was associated with future severe exacerbations,
poor asthma control, and increased risk of future extreme salbutamol
overuse [27].

Indeed, we cannot omit that also placebo had a certain effect on the
outcome assessed in this pooled analysis, although placebo was always
significantly less effective than both doxofylline 400mg and theo-
phylline 250mg during the study period and did not reach the MCID for
the change from baseline in FEV1. Abnormally high responses to pla-
cebo are not infrequently reported with no apparent explanation in

randomized controlled trials [28]. However, we can explain such an
unexpected level of placebo effect by considering that better adherence
to drug regimens in the context of a clinical trial may have contributed
to this observation, as recently reported in severe asthmatic patients
with respect to the percentage reduction in oral glucocorticoid dose and
change from baseline in FEV1 [29,30].

Doxofylline 400mg showed a favourable safety profile that was
significantly superior to that of theophylline 250mg. In fact, AEs
leading to drop-outs occurred more frequently with theophylline
250mg than doxofylline 400mg. Furthermore, while the only sig-
nificant AE in patients receiving doxofylline 400mg was insomnia, in
subjects treated with theophylline a significant higher risk of nausea,
nervousness, insomnia, and overdose was detected compared to pla-
cebo.

The findings of this pooled analysis confirm the recent evidence rose
from meta-analyses aimed to assess the functional and clinical impact of
xanthines in COPD [1,2]. Specifically, doxofylline produced a large to
very large improvement in lung function and reduced dyspnoea simi-
larly to theophylline, and the use of doxofylline was associated with a
significantly better safety profile than theophylline [1,2]. Overall, in
COPD patients doxofylline showed a more favourable efficacy/safety
profile than theophylline [1]. Results of this pooled analysis are also in
line with a previous study reporting the efficacy and safety profile of
doxofylline compared to theophylline in asthmatic patients [19].

Although this pooled analysis and previous studies demonstrated
that the treatment with xanthines might significantly improve lung
function and symptoms in asthmatic patients and subjects with COPD,
their therapeutic use has declined substantially in recent years [1,2,19].
The development of ICSs has significantly altered the therapeutic ap-
proach to asthma in most part of the world [31]. Nonetheless, nowa-
days, new evidence appears to support a reappraisal in the use of these
drugs [32].

Theophylline is usually less effective than ICS, but, when used in
combination with low-to-medium doses of an ICS, the same effects as
those obtained with an increased inhaled corticosteroid dose can be
achieved in asthmatic patients [33]. Therefore, theophylline can be
recommended when asthma control cannot be achieved by using ICSs.
With the introduction of doxofylline a new window of opportunity has
opened up as a result of a similar efficacy and better tolerability than
theophylline to treat patients suffering from chronic obstructive re-
spiratory disorders, such as asthma and COPD [1,2,7,34–40]. Doxofyl-
line demonstrated significant anti-inflammatory activity in the lung
which can result in significant steroid sparing activity [41]. Rajanandh
and colleagues [42] have recently demonstrated that doxofylline was as
effective as montelukast and tiotropium, all in association with low-
dose ICSs, in relieving airways obstruction asthmatic patients. The use
of xanthines, and particularly of doxofylline, could be particularly va-
luable in elderly patients with asthma or smoker subjects, where other
drugs, especially ICSs, are less likely to work due to the inhibition of
histone deacetylase 2 (HDAC2) activity [43]. Finally, Mennini and
colleagues [44] have provided evidence of the cost-effectiveness of
doxofylline. Although, theophylline has an average base price lower
than doxofylline, physicians can be recommended to prescribe it in-
stead of theophylline not only for its favourable efficacy/safety profile,
but also because it has been demonstrated that doxofylline can reduce
the costs associated with the management of respiratory disorders [44].

Some limitations should be acknowledged with respect to this
pooled analysis. A remarkably high dropout rate of approximately 40%
in the theophylline group can be considered a major drawback [19,45],
although this highlights the problems related with the tolerability of
theophylline. Nevertheless, the average adherence of clinical trials re-
ported in the literature is between 43% and 78% [46], and the overall
adherence of this pooled analysis was about 70%. As far as the question
whether the better tolerability profile of doxofylline was real or
“wishful thinking”, it is important to note that the occurrence of AEs
typical of xanthine medications, such as dyspepsia, nausea, vomiting,

Table 2
Summary of frequency of AEs (sorted by descending order) resulting by the
pooled analysis of DOROTHEO 1 and DOROTHEO 2 studies.

Doxofylline
400mg

Theophylline
250mg

Placebo

Total number of subjects 163 155 165
Number (%) of subjects

reporting at least one
AE

94 (57.67) 98 (63.23) 82 (49.70)

Total number (%) of AEs
Headache 46 (28.22) 47 (30.32) 45 (27.27)
Nausea 25 (15.34) 43 (27.74) 20 (12.12)
Nervousness 8 (4.91) 23 (14.84) 7 (4.24)
Insomnia 13 (7.98) 19 (12.26) 3 (1.82)
Dyspepsia 12 (7.36) 14 (9.03) 7 (4.24)
Diarrhoea 7 (4.29) 7 (4.52) 12 (7.27)
Vomiting 8 (4.91) 9 (5.81) 3 (1.82)
Rhinitis 8 (4.91) 6 (3.87) 9 (5.45)
Overdose 0 (0.00) 8 (5.16) 0 (0.00)
Dizziness 8 (4.91) 7 (4.52) 7 (4.24)
Asthma 7 (4.29) 7 (4.52) 8 (4.85)
Abdominal pain 6 (3.68) 4 (2.58) 8 (4.85)
Pharyngitis 3 (1.84) 5 (3.23) 6 (3.64)
Chest pain 5 (3.07) 0 (0.00) 1 (0.61)
Somnolence 1 (0.61) 1 (0.65) 5 (3.03)
Asthenia 0 (0.00) 4 (2.58) 4 (2.42)
Palpitations 4 (2.45) 4 (2.58) 0 (0.00)
Cough increased 1 (0.61) 4 (2.58) 3 (1.82)

AE: adverse events.
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dizziness, and insomnia [1,2], were more frequent in patients who were
given theophylline than in those who received doxofylline.

5. Conclusion

In line with the assumption that xanthines still play an important
role in treatment of asthma, from the results of this pooled analysis we
can conclude that doxofylline is a xanthine bronchodilator with valu-
able characteristics by functional and clinical viewpoint. Since dox-
ofylline was associated with improved bronchodilatory response, re-
duced rate of asthma events, reduced use of salbutamol as rescue
medication and fewer AEs, it seems to offer a promising alternative to
theophylline in the management of patients with asthma.
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