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Abstract

1's (FEV,), and salbutamol use.

theophylline.

safety profile greater than that of theophylline.

Background: Oral methylxanthines are effective drugs for the treatment of chronic obstructive respiratory
disorders. The novel methylxanthine doxofylline, that has bronchodilator and anti-inflammatory activities, is not
affected by the major drawback of theophylline. Nowadays large-scale quantitative synthesis comparing the efficacy
and safety profile of doxofylline vs. theophylline in the treatment of asthma is still lacking. Therefore, we performed
a quantitative synthesis to compare the efficacy/safety profile of doxofylline and theophylline in asthma.

Methods: A pairwise and network meta-analyses were performed to assess the impact of doxofylline vs.
theophylline and placebo on the change in asthma events, risk of adverse events (AEs), forced expiratory volume in

Results: Data obtained from 696 asthmatic patients were extracted from 4 randomized controlled trials published
between 2015 and 2018. Doxofylline was significantly (P < 0.05) more effective than theophylline in reducing the
daily asthma events (mean difference — 0.14, 95%Cl -0.27 — 0.00) and risk of AEs (relative risk 0.76, 95%Cl 0.59-0.99).
Doxofylline was as effective as theophylline in improving FEV,, and a trend of superiority (P=0.058) was detected
for doxofylline over theophylline with respect to the reduction in the use of salbutamol as rescue medication. The
rank of effectiveness was doxofylline>theophylline> > placebo, and the rank of safety was placebo>doxofylline> >

Conclusions: Doxofylline is an effective and safe methylxanthine for the treatment of asthma, with an efficacy/

Trial registration: Meta-analysis registration: CRD42019119849.
Keywords: Asthma, Doxofylline, Theophylline, Meta-analysis

Background

Oral methylxanthines are recognized effective drugs for the
clinical management of patients suffering from chronic ob-
structive respiratory disorders. The novel methylxanthine
doxofylline, that is characterized by bronchodilator and anti-
inflammatory activities, seems to be not affected by the
major drawback of theophylline [1-5]. Doxofylline has a
favourable efficacy profile accompanied by a high level of tol-
erability, at least in COPD patients [6]. Moreover, an obser-
vational study aimed to assess the treatment plan in acute
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and chronic respiratory tract diseases, has demonstrated a
significant difference in the unit cost per patient in favour of
doxophylline compared to theophyllne. In fact, although the
cost of doxophylline was higher than that of theophyllne,
doxofylline resulted to be associated with a reduction of the
overall cost related with COPD and/or asthma management
[7].

Recently, the pooled analysis of two multicenter,
double-blind, randomized trials, carried out in 38 US
pulmonary clinics that investigated the therapeutic effi-
cacy and tolerability of doxofylline compared to theo-
phylline, demonstrated that doxofylline is an effective
and well tolerated agent in asthmatic patients [8]. Al-
though the beneficial efficacy/safety profile of doxofylline
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has been reported in further smaller clinical trials and
retrospective studies [9-14], to date large-scale quantita-
tive synthesis comparing the efficacy and safety profile
of doxofylline vs. theophylline in the treatment of
asthma is still lacking.

The hypothesis of this study is that a quantitative syn-
thesis of clinical trials that directly compared the efficacy
and safety of doxofylline vs. theophylline may provide
more robust evidences than individual studies or pooled
analyses. Therefore, we performed a pairwise and net-
work meta-analysis to definitively clarify which of the
two drugs should be prescribed when a methylxanthine
is recommended in asthmatic patients.

Methods

Search strategy

This meta-analysis has been submitted to the international
database of prospectively registered systematic reviews
(PROSPERO, registration number: CRD42019119849),
and performed in agreement with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses Proto-
cols (PRISMA-P) [15]. The PRISMA flow diagram is re-
ported in Fig. 1a. This quantitative synthesis satisfied all
the recommended items reported by the PRISMA-P
checklist [15].

Two reviewers performed a comprehensive literature
search for randomized controlled trials (RCTs) evaluating
the influence of doxofylline and theophylline in adolescent
and adult asthmatic patients. The PICO (Patient problem,
Intervention, Comparison, and Outcome) framework was
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used to develop the literature search strategy, as previ-
ously described [16]. Namely, the “Patient problem” in-
cluded subject affected by asthma; the “Intervention”
regarded the administration of doxofylline and theophyl-
line; the “Comparison” was performed with regard to pla-
cebo and across each active treatment; the “Outcomes”
were the asthma events, adverse events (AEs), lung func-
tion expressed as forced expiratory volume in 1s (FEV)),
and use of salbutamol as rescue medication.

The terms “doxofylline” AND “theophylline” AND
“asthma” were searched in Cochrane Central Register of
Controlled Trials (CENTRAL), MEDLINE, Embase, Sco-
pus, Web of Science, ClinicalTrials.gov and EU Clinical
Trials Register databases in order to provide for relevant
studies available up to December 7, 2018. No language
restriction was applied. The following Query Translation
was used: (“asthma” [MeSH Terms] OR “asthma”[All
Fields]) AND (“theophylline” [MeSH Terms] OR “theo-
phylline” [All Fields]) AND (“doxofylline” [Supplemen-
tary Concept] OR “doxofylline”[All Fields]).

Citations of previously published analyses and relevant
reviews were examined to identify further pertinent
studies, if any [6, 8, 17-19].

Study selection
Published RCTs involving asthmatic patients treated
with oral formulations of doxofylline and theophylline
were included in this meta-analysis.

Two reviewers independently checked the relevant
studies identified from literature searches obtained from
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Fig. 1 PRISMA flow diagram for the identification of studies included in the meta-analysis (a) and diagram displaying the network across the
treatments; the links between nodes indicate the direct comparisons between pairs of treatments; the numbers shown along the link lines
indicate the number of patients comparing pairs of treatments head-to-head (b)
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the already mentioned databases. The studies were se-
lected in agreement with the above-mentioned criteria,
and any difference in opinion about eligibility was re-
solved by general consensus.

Endpoints

The primary endpoints of this meta-analysis were the im-
pact of doxofylline on the change in asthma events and the
risk of AEs, compared to theophylline and placebo. Asthma
events were defined as episodes of increased symptoms or
increased airflow limitation responsive to as needed short-
acting [3, agonists or resulting in either unscheduled med-
ical attention, unscheduled use of oral corticosteroids, hos-
pital admission [20]. The secondary endpoints were the
impact of doxofylline on the change in FEV; and salbuta-
mol use, compared to theophylline.

Quality score, risk of bias and evidence profile

The Jadad score, with a scale of 1 to 5 (score of 5 being
the best quality), was used to assess the quality of the
RCTs concerning the likelihood of biases related to
randomization, double blinding, withdrawals and drop-
outs [21]. A Jadad score >3 was defined to identify high
quality studies. Two reviewers independently assessed the
quality of individual studies, and any difference in opinion
about the quality score was resolved by consensus.

In the pairwise meta-analysis moderate to high levels of
heterogeneity between-studies were considered for I* >
50%; the risk of publication bias was assessed by applying
the funnel plot and Egger’s test, as previously described
[21]. Evidence of asymmetry from Egger’s test was consid-
ered to be significant at P<0.1, and the graphical repre-
sentation of 90% confidence bands have been presented
[21]. The risk of bias in the network meta-analysis was
checked via the consistency/inconsistency analysis to as-
sess whether the outcomes resulting from the consistency
and inconsistency models fit adequately with the line of
equality, as previously described [22].

The quality of the evidence was assessed for the primary
endpoint in agreement with the Grading of Recommenda-
tions Assessment, Development, and Evaluation (GRADE)
system, indicating ++++ for high quality of evidence, +++
for moderate quality of evidence, ++ for low quality of evi-
dence, and + for very low quality of evidence [23].

Data extraction

Data from included RCTs were extracted and checked
for study characteristics and duration, enrolled patients,
treatments and doses, disease characteristics, age, gen-
der, asthma events, previous hospitalizations, lung func-
tion, and Jadad score. Data have been extracted in
agreement with DECiMAL recommendations [24].
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Data analysis

A pairwise meta-analysis was performed to quantify the
impact of doxofylline compared to theophylline on pri-
mary and secondary endpoints.

Results of the pairwise meta-analysis are expressed as
mean difference (MD) or relative risk (RR), and 95%
confidence interval (95%CI). Since data were selected
from a series of studies performed by researchers operat-
ing independently, and a common effect size cannot be
assumed, binary random-effects model was used in order
to balance the study weights and adequately estimate the
95%CI of the mean distribution of drugs effect on the in-
vestigated variables [21].

A network meta-analysis was also carried out to perform a
comparison across doxofylline, theophylline, and placebo
with respect to the primary endpoints, and to rank their effi-
cacy in reducing asthma events and the risk of AEs.

The network meta-analysis was carried out by includ-
ing RCTs that introduced no significant heterogeneity
and bias in the effect estimates of primary endpoint.
Since heterogeneity and bias may propagate through a
network of RCTs, and thus affect the estimates differen-
tially across regions of the network, this approach per-
mitted to identify those studies that might alter the
correct results of the network meta-analysis [25].

Full Bayesian evidence network was used in the network
meta-analysis (chains: 4; initial values scaling: 2.5; tuning
iterations: 20.000; simulation iterations: 50.000; tuning
interval: 10). The convergence diagnostics for consistency
and inconsistency was assessed via the Brooks-Gelman-
Rubin method, as previously described [26]. Results of the
network meta-analysis are expressed as relative effect (RE)
and 95% credible interval (95%CrI). The probability that
each intervention arm was the most effective was calcu-
lated by counting the proportion of iterations of the chain
in which each intervention arm had the highest mean dif-
ference, and the surface under the cumulative ranking
curve (SUCRA), representing the summary of these prob-
abilities, was also calculated. The SUCRA is 1 when a
treatment is certain to be the best, and 0 when a treatment
is certain to be the worst [27].

Sensitivity analysis was performed to identify the stud-
ies that introduced heterogeneity and bias in the effect
estimate of primary endpoints, if any. Meta-regression
analysis was performed to identify the factors that might
modulate the efficacy and safety profile of the investi-
gated agents with regard to primary endpoints.

The specisafety profile of the investigated treatments
was investigated through a pooled analysis of the fre-
quency of specific AEs.

OpenMetaAnalyst [28] and GeMTC [29] software were
used for performing the meta-analysis, GraphPad Prism (CA,
US) software to graph the data, and GRADEpro GDT to as-
sess the quality of evidence [23]. The statistical significance for
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the effect estimates resulting from the pairwise and network
meta-analyses was assessed for P < 0.05.

Results

Studies characteristics

Data obtained from 696 asthmatic patients (44.68%
treated with doxofylline, 31.62% treated with theophyl-
line, and 23.71% treated with placebo) were selected
from 4 RCTs published between 2015 and 2018 [8-10].
The relevant characteristics of studies, disease, and pa-
tients are described in Table 1; Fig. 1b shows the net-
work across the treatments.

All the RCTs were published as full-text papers [8—10].
The DOROTHEO 1, DOROTHEO 2, and the study of
Margay et al. were published as high quality studies (Jadad
score > 3) [8, 9], whereas the study of Lal et al. as low-
quality study (Jadad score = 1) [10]. The duration of treat-
ment ranged from 6 weeks to 12 weeks.

Primary endpoints

The pairwise meta-analysis indicated that doxofylline was
significantly (P < 0.05) more effective than theophylline in
reducing the daily asthma events (MD -0.14, 95%CI -0.27
— 0.00) (Fig. 2a). The effect estimate was not affected by
heterogeneity (I 0%, P = 0.53). Although a certain level of
asymmetry resulted by the visual inspection of funnel plot,
the Egger’s test found not significant publication bias (Fig.
2b and c). The risk of AEs was significantly (P < 0.05)
lower in patients treated with doxofylline than in those
that received theophylline (RR 0.76, 95%CI 0.59—0.99)
(Fig. 2d). The substantial but not significant heterogeneity
(I 59%, P = 0.05) was confirmed by the visual inspection
of funnel plot (Fig. 2e), and mainly related with the study
of Lal et al. [10]. However, the analysis performed via
Egger’s test indicated that, although the study of Lal et al.
[10] was small and characterized by low quality, it intro-
duced no significant publication bias in the effect estimate
concerning the risk of AEs (Fig. 2f).

The results of the network meta-analysis indicated that
doxofylline, but not theophylline, significantly (P < 0.05) re-
duced the daily asthma events (RE: - 0.33, 95%Crl -0.62 -
-0.04, —0.33; - 0.23 95%CrI -0.54 - 0.04; respectively, com-
pared to placebo). Doxofylline was also safer than theophyl-
line, reporting a significant (P < 0.05) reduction in the risk of
AEs (RE 0.53, 95%CrI 0.27-0.87; doxofylline vs. theophyl-
line). The network meta-analysis also showed that doxofyline
was the most effective treatment (upper quartile in the
SUCRA ranking) with respect to both theophylline (second
quartile in the SUCRA ranking) and placebo (lower quartile
in the SUCRA ranking) (Fig. 2 g). As expected, placebo was
the safest arm (upper quartile in the SUCRA ranking),
followed by doxofylline (second quartile in the SUCRA rank-
ing); conversely, theophylline was the less safe treatment
(lower quartile in the SUCRA ranking) (Fig. 2 h).
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The consistency/inconsistency analysis showed that all
points fit adequately with the line of equality (efficacy: R
0.99; slope 1.05, 95%CI 0.96-1.15), indicating that the net-
work meta-analysis was not affected by significant bias.

Meta-regression analysis confirmed that the patient demo-
graphics, baseline and study characteristics did not modulate
the efficacy and safety profile of the investigated agents.

The GRADE analysis indicated high quality of evi-
dence (++++) for doxofylline vs. theophylline with re-
spect to efficacy and safety profile in both pairwise and
network meta-analysis.

Secondary endpoints

There was no significant difference between doxofylline and
theophylline on the change in change in FEV; (P> 0.05)
(Fig. 3a). A trend of superiority (P = 0.058) was detected for
doxofylline over theophylline with respect to the reduction
in the use of salbutamol as rescue medication (Fig. 3b).

The pooled analysis of safety profile showed that the
AEs with a frequency greater than 5% were headache
(doxofylline 20.61%, theophylline 23.64%), nausea (doxo-
fylline 10.96%, theophylline 21.82%), nervousness (doxo-
fylline 4.39%, theophylline 11.36%), and dyspepsia
(doxofylline 6.58%, theophylline 8.18%). AEs were gener-
ally mild in severity, and detailed frequencies of further
specific AEs are reported in Table 2.

Discussion

This meta-analysis showed that treatment with doxofyl-
line was significantly more effective than theophylline in
reducing the daily asthma events and preventing the risk
of AEs, which were the primary endpoints of this meta-
analysis. As expected, the SUCRA analysis performed by
considering high quality RCTs reported that doxofylline
had a better efficacy profile than both theophylline and
placebo, and that theophylline was ranked as the less safe
treatment in this quantitative synthesis. Interestingly, the
pooled analysis indicated that the percentage of the most
frequently recorded AEs (i.e. headache, nausea, nervous-
ness, insomnia, dyspepsia, and vomiting) was generally
greater in asthmatic patients treated with theophylline
than in those that received doxofylline. Overall, the results
of this study are strong, as they were not affected by publi-
cation bias, and with high quality of evidence for both the
pariwise and network meta-analyses.

Concerning the secondary endpoints, doxofylline was
as effective as theophylline in improving FEV;, although
a trend toward significance [30] suggested that doxofyl-
line was superior than theophylline concerning the re-
duction in the use of salbutamol as rescue medication.

Although significant, the difference in efficacy outcomes
between doxofylline and theophylline did not reach the
minimum clinically important differences (MCIDs), when
considering the comparison across active treatments [31].
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Table 2 Pooled analysis of AEs (sorted by descending order)
extracted from the studies that directly compared doxofyline
with theophylline in asthmatic patients

Doxofylline  Theophylline

Total number of asthmatic patients 228 220
% n % n

Asthmatic patients reporting at least one AE 4605 105 57.73 127

Total number of AEs
headache 2061 47 2364 52
nausea 1096 25 2182 48
nervousness 439 10 1136 25
insomnia 6.14 14 955 21
dyspepsia 658 15 818 18
vomiting 351 8 4.09 9
dizziness 395 9 318 7
cough increased 044 1 364 8
overdose 000 O 364 8
rhinitis 351 8 2.73 [§
diarrhoea 307 7 318 7
asthma 307 7 318 7
abdominal pain 263 6 1.82 4
pharyngitis 132 3 227 5
palpitations 219 5 182 4
chest pain 219 5 000 O
epigastric distress 088 2 182 4
asthenia 000 O 182 4
tremors 000 0 091 2
somnolence 044 1 045 1
sore throat 000 O 045 1

AE adverse event

Nevertheless, in the network meta-analysis the range
of protection against the risk of AEs was clinically
meaningful for doxofylline vs. theophylline, as the
95%Crl of RR was prevalently below the 0.75 value,
with the mean set at RR 0.53 [32]. The small differ-
ences in results between the pairwise and network
meta-analyses may be due to the presence of the
placebo node in the Bayesian analysis that reinforced
the comparison across the investigated arms.

Taken together the findings of this meta-analysis sup-
port the rationale for using doxofyilline to treat chronic
obstructive respiratory disorders, and its superiority with
respect to theophylline [6, 8, 17]. Considering also the
beneficial cost-effectiveness profile of the pharmaco-
logical treatment with doxofyilline [7], and the advantage
of not needing the monitoring of theophyllinemia, there
is no reason not to choose doxofylline as first line treat-
ment when a methylxanthine is indicated in asthmatic
patients.
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Indeed, meta-analyses have evolved as a technique use-
ful for summarizing the evidences form a large number of
RCTs and for resolving discrepancies raised by clinical
studies. Nevertheless, meta-analyses mainly deal with pop-
ulations and not with single patients [33]. In this respect,
the use of an effective, safe and inexpensive orally active
drug as doxofylline should be encouraged especially in
those patients who find inhalers difficult to use. The use
of doxofylline, instead of theophylline, may have a strong
rationale also in those patients who do not get adequate
control from other pharmacological classes, such as in-
haled corticosteroids in smokers asthmatics or [3,-adreno-
ceptor agonists in subjects with a genetic polymorphism
resulting in homozygosity for arginine at amino acid resi-
due 16 of the B,-adrenergic receptor [34, 35].

Finally, but not less important, the current evidence
clearly indicates that the Global Initiative for Asthma
(GINA) recommendations [36] should be updated by
considering doxofylline as a more effective and safer al-
ternative to theophylline in Step 1 to 4 treatments, and
as optional treatment in acute care settings.

Conclusions

The results of this quantitative synthesis of the current
literature proves that doxofylline is an effective and safe
methylxanthine for the treatment of asthma, and that its
efficacy/safety profile is greater than that of theophylline.
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