
Abstract 

Dual bronchodilation therapy is becoming the cornerstone for
the treatment of COPD because the clinical benefits of

LABA/LAMA fixed-dose combinations (FDCs) are now extensive-
ly established. Therefore, it not surprising that a number of
LAMA/LABA combinations in a single inhaler have now been
approved for clinical use as treatments for patients with COPD.
Regrettably, very few head-to-head studies between all of the avail-
able LABA/LAMA FDCs have been carried out. This makes choos-
ing the most appropriate FDC difficult. Comparative effectiveness
research that also uses conventional meta-analyses to compare dif-
ferent care strategies can help generate useful information. A bidi-
mensional comparative analysis across LAMA/LABA FDCs has
suggested constant superiority for tiotropium/olodaterol. However,
considering that there is not an equivalent amount of evidence on
efficacy outcomes for all LAMA/LABA FDCs, a proper compari-
son between the different LAMA/LABA FDCs cannot be made yet,
and the information available is still rather inconsistent.

Importance of dual bronchodilation

According to GOLD strategy document, long-acting bron-
chodilator monotherapy is recommended for low-grade persistent
symptoms, for patients with a high symptom burden but not fre-
quent or severe exacerbations and for frequent exacerbators with
lower symptom burden, with escalation to dual bronchodilator
therapy for persistent symptoms [1]. However, for patients with
severe dyspnea, initial therapy with two bronchodilators is also a
possibility to be considered. Long-acting muscarinic antagonist
(LAMA)/long-acting β2-agonist (LABA) combinations are also
recommended for those patients with recurrent exacerbations on
LAMA monotherapy [1]. 

We have many doubts about the validity of starting the treat-
ment with long-acting bronchodilator monotherapy [2]. Actually,
there is broad evidence that in everyday (real-life) conditions, many
patients receiving long-acting bronchodilator monotherapy contin-
ue to experience significant symptoms at any level of COPD sever-
ity [3]. Therefore, a more aggressive therapy may be indicated. This
is possible by increasing the dose of the bronchodilator with the evi-
dent higher risk of adverse events related to the class of bron-
chodilators used. β2-Agonist stimulate the heart inducing increased
heart rate and palpitations, because some of the adrenoceptors
(ARs) in the atria and ventricles are β2-ARs, produce metabolic
actions such as glycogenolysis in liver and skeletal muscle and also
endocrine actions, increasing insulin and glucagon release [4-6].
Dry mouth, narrow-angle glaucoma, and urinary retention in older
men with prostatic hyperplasia are common adverse events with
muscarinic antagonists [4,6,7]. Concerns have been raised about the
possible association of the use of these antagonists with cardiovas-
cular morbidity (tachycardia and arrhythmia) and mortality [8].
However, it seems that LAMAs do not increase the risk of cardio-
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vascular severe adverse events compared to other active therapies or
placebo regardless of the device, even in patients with coexisting
cardiovascular diseases [8]. In any case, an additional dose does not
induce any substantial improvement in lung function in many
patients [9]. Therefore, an alternative therapeutic option is to add a
second bronchodilator with a different mechanism of action [10].

The results of our systematic review with meta-analysis of dual
bronchodilation with LAMA/LABA for the treatment of stable
COPD that incorporated the data from all LAMA/LABA fixed dose
combination (FDC) trials lasting at least 3 months, showed that all
LAMA/LABA combinations are always more effective than the
LAMA or LABA alone in terms of the improvement in trough forced
expiratory volume in one second (FEV1), dyspnea as assessed by the
transitional dyspnea index (TDI) and health-related quality of life as
assessed by the St. George’s Respiratory Questionnaire (SGRQ)
scores [11]. Furthermore, in another meta-analysis, we documented
that if an increase in exercise capacity in patients with COPD is the
goal of the therapy, LAMA/LABA combinations are more effective
than their monocomponents in improving endurance time (ET) and
inspiratory capacity (IC) [12].

Indeed, pharmacological studies strongly support such evidence.
Several mechanisms have been suggested to explain the synergy
between LAMAs and LABAs at the airway smooth muscle (ASM)
level and presynaptically in parasympathetic nerve fibres [13].
Remarkably, there is a crosstalk induced by the activation of β2-ARs
and the inhibition of muscarinic M3 receptors at the level of ASM
cell that leads to synergistic bronchorelaxant effect, with a greater
relaxation of ASM than using the monocomponents [14]. 

Apart from this potential synergistic effect on ASM,
LAMA/LABA combinations prevent or delay acute exacerbations of
COPD (AECOPDs) when compared with LAMA monotherapy
[15]. As already mentioned, for frequent exacerbators with lower
symptom burden, GOLD strategy recommends using a LAMA as
preferred monotherapy [1]. There are several mechanisms by which
LAMA/LABA combinations may decrease the frequency of
AECOPDs [16]. They decrease lung hyperinflation and symptom
severity, improve sputum clearance by reducing mucus hypersecre-
tion and increasing mucociliary clearance, and improve symptoms
reducing their variability by “stabilizing” the airways in patients
with COPD. They also elicit anti-inflammatory actions that have
been demonstrated in vitro and in experimental models but have not
been confirmed yet in patients with COPD [16].

We have demonstrated that co-administration of LAMAs and
LABAs also leads to a reduction in the release of non-neuronal
acetylcholine (ACh) that is released locally in response to inflamma-
tory stimuli from epithelial cells lining the airways known to contain
choline acetyltransferase activity [17]. Non-neuronal ACh has
inflammatory properties mainly via muscarinic M3 receptors [18].
The multitude of cells in the airways, including bronchial epithelial
cells, neutrophils, lymphocytes, macrophages and fibroblasts, has
muscarinic receptors. LAMAs and LABAs synergistically inhibit
the release of non-neuronal ACh from bronchial epithelial cells
through the modulation of organic cation transporter 1, a transporter
for the release of ACh from airway epithelial cells [18]. The capacity
of LABA and LAMA to synergistically inhibit the release of pro-
inflammatory factors from parenchymal cells or inflammatory cells
is another possible mechanism [18]. 

All our research on dual bronchodilation leads us to believe that
this therapeutic approach is extremely useful in COPD [19]. Indeed
the synergistic relaxant effect of LAMA/LABA combinations at the
level of medium bronchi documented in several translational studies
[20,21] is related with an improvement in FEV1. The synergistic
interaction on small airways [17,22-24] explains the reduction of

lung hyperinflation that decreases dyspnea and other symptoms and
improves exercise tolerance. The impact on the non-neuronal cholin-
ergic system [17] may explain the protective effect against COPD
exacerbations.

We firmly believe that it is useful to start treating COPD with
dual bronchodilation from the time of the first diagnosis, in order to
optimize bronchodilation while interfering with the pathways that
influence airway tone [25]. At present, we must administer the cur-
rently approved doses for treating COPD, but we are confident that
the documented pharmacological synergism of action between
LAMA and LABA should lead to verifying whether lower dosages
can be equally effective. If this approach will be positive, we will
certainly succeed in reducing the risk of adverse events that charac-
terize both LAMAs and LABAs when they are taken at the full
doses currently approved for the treatment of COPD, while satisfy-
ing the need to optimize bronchodilation. It remains to be seen
whether any supposed synergy would allow a dose reduction of both
component drugs whilst still inducing clinical meaningful bron-
chodilation over a 24 h period.

How to choose a LAMA/LABA combination

For all these features, it not surprising that a number of
LAMA/LABA combinations in a single inhaler have now been
approved for clinical use as treatments for patients with COPD [4].
However, it must be pointed out that there are currently no recom-
mendations that make any specific LAMA/LABA combination
preferable over another and, in any case, no LAMA/LABA therapy
is approved for specific subgroups of patients with COPD [4].
Therefore, we are far from being able to apply a personalized
approach when using dual bronchodilation in COPD. At present
time, the choice of LAMA/LABA should be individualized for each
patient’s preferences and degree of disease burden.

In any case, there is a fundamental question that should be
answered: “Which of these combinations, when translated into prac-
tice, improve care and increase the likelihood of health benefits?”
[26]. Unfortunately, there is little information to answer this ques-
tion. There are two studies that have compared two LAMA/LABA
combinations in a head-to-head comparison. In the first study gly-
copyrronium/indacaterol and umeclidinium/vilanterol provided clin-
ically meaningful and comparable bronchodilation in patients with
moderate-to-severe COPD [27]. In the second trial, superiority was
observed for the primary end point of trough FEV1 at week 8 with
umeclidinium/vilanterol compared with tiotropium/olodaterol in
patients with symptomatic COPD [28].

We fully share the view that the outcome of a trial that shows the
superiority of one treatment over another cannot be extrapolated to
a larger and less selected population, even if it is obtained using a
large number of patients [29]. Large head-to-head equivalence trials
comparing LAMA/LABA FDCs are crucial to establish the real
superiority of one combination over the others.

In our opinion, prescribers should always consider the pharma-
cological profile of the LAMA/LABA combination they would like
to recommend. In fact, fundamental pharmacological characteristics,
such as intrinsic activity, dissociation rate and residence half-life of
the LAMA and LABA included in each LAMA/LABA combination
differ from those of the other combinations [14]. These substantial
differences should guide them in choosing the combination to use.

Another very important aspect to consider is the pharmacokinet-
ic/pharmacodynamic interaction related to the concentrations of the
drugs included in the combination. It is well known that the optimal
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condition to induce pharmacological synergy is to administer the
drugs at isoeffective concentrations [30]. A specific range of concen-
tration-ratio at which the drug mixture may induce appreciable syner-
gistic interaction characterizes each LAMA/LABA combination [31].
In some of the currently marketed LAMA/LABA FDCs the mono-
components were not adequately balanced, with the bronchorelaxant
effect mainly due to the action of the LAMA [31]. This probably pre-
vented us from detecting any synergistic interaction not only in ex
vivo studies but also in randomized controlled trials (RCTs) [31].

Considering the available dual bronchodilator combinations,
adding a LABA to a LAMA in patients with COPD induces a further
overall clinically relevant increase in FEV1 of ≈ 65 mL, when the
drug mixtures are administered at the currently approved doses [31].
Nevertheless, and remarkably, when olodaterol 10 μg is added to
tiotropium 5 μg the improvement in FEV1 even doubles, regardless
of any synergistic interaction proved for this combination in COPD
patients [31].

A systematic review without meta-analysis conducted two years
ago critically examined the available evidence on marketed
LABA/LAMA FDCs or those under development in terms of clini-
cal relevance for the management of COPD. It allowed us to note
that evidence supporting the efficacy of LAMA/LABA FDCs for
COPD is heterogeneous, particularly for TDI and SGRQ scores,
exacerbation rates, ET, and IC [32]. All this led us to conclude that
the published evidence did not allow to establish the equivalence of
all LABA/LAMA FDCs.

However, the comparative effectiveness research addresses pos-
sible harms and benefits for heterogeneous patient populations in
heterogeneous healthcare settings also using conventional meta-
analyses to compare different care strategies [26]. Consequently, we
have performed a bidimensional comparative analysis across
LAMA/LABA FDCs [33]. Data resulting from the network meta-
analysis across LAMA/LABA FDCs indicated that tiotropium/olo-
daterol 5/5 was significantly more effective than both
aclidinium/formoterol 400/12 and glycopyrronium/formoterol
14.4/9.6 in improving trough FEV1, and significantly more effective
than glycopyrronium/formoterol 14.4/9.6 in improving TDI. Also
umeclidinium/vilanterol 62.5/25 significantly improved FEV1 when
compared to glycopyrronium/formoterol 14.4/9.6. The risk of car-
diovascular severe adverse events was significantly greater in
patients treated with glycopyrronium/indacaterol 50/110 than in
those treated with aclidinium/formoterol 400/12. The surface under
the cumulative ranking curve (SUCRA) indicated a specific rank of
effectiveness with respect to the improvement in trough FEV1, TDI
and SGRQ. Results showed constant superiority for tiotropium/olo-
daterol. Concerning the cardiovascular safety profile,
aclidinium/formoterol was better than tiotropium/olodaterol, which
in any case appeared superior to all the other FDCs also for this
aspect. We also calculated the novel Improved Bidimensional
SUCRA (IBiS) score to define the combined efficacy/safety profile
of LAMA/LABA FDCs. The ranking provided by this score allows
identifying what is the best LABA/LAMA FDC in agreement with
the multifaceted functional, clinical, and cardiovascular safety needs
of each COPD patient [34]. Also the evaluation of this score high-
lighted the superiority of tiotropium/olodaterol [33].

Tiotropium/olodaterol FDC

The consequence of these indirect clinical findings was the need
to characterize the pharmacological interaction between tiotropium
and olodaterol on the human airways. We documented that these two

bronchodilators induced a synergistic relaxant response in both medi-
um isolated bronchi and small airways submaximally pre-contracted
by carbachol, which was significant at low concentrations [35].
Combining tiotropium with olodaterol induced a 22% increase in the
releasing response of medium bronchi and a 26% increase in that of
small airways compared to the expected additive response calculated
via the Bliss Independence test. The Bliss Independence is one of the
most commonly used models to study combined effects of substances
in vivo, ex vivo and in vitro [36]. Also the Unified Theory analysis
was carried out, in order to adequately quantify the magnitude of syn-
ergism through the Combination Index outcome. This analysis con-
firmed that tiotropium/olodaterol combination elicited a strong-to-
very strong synergistic interaction in both medium bronchi and small
airways through a wide range concentration. The extent of bronchial
relaxation in response to transmural stimulation was synergistically
greater when tiotropium and olodaterol were administered in combi-
nation compared with the effect elicited by the monocomponents.
Importantly, the duration of the synergistic interaction between
tiotropium and olodaterol was markedly long and detectable for
about 9 h, after which an additive interaction was recorded. 

Co-administration of tiotropium and olodaterol, but also tiotropi-
um bromide and olodaterol, administered alone, reduced the release
of non-neuronal ACh from isolated bronchi, whereas olodaterol but
not tiotropium bromide enhanced cAMP levels and the combination
induced a further increase [35]. This pharmacological characteriza-
tion suggests that tiotropium/olodaterol combination has a pharmaco-
dynamic profile at least similar to that of glycopyrronium/indacaterol,
which in the Effect of QVA149 Versus NVA237 and Tiotropium on
Chronic Obstructive Pulmonary Disorder Exacerbations (SPARK)
study was superior in preventing moderate to severe AECOPDs com-
pared with the single LAMA glycopyrronium but not with tiotropium
[15]. Therefore, tiotropium might protect against AECOPDs with
mechanisms other than bronchodilation [37].

In effect, the Tiotropium and olodaterol in the prevention of
chronic obstructive pulmonary disease exacerbations (DYNAGITO)
study, which evaluated tiotropium and olodaterol in the prevention
of AECOPDs, documented that the tiotropium/olodaterol FDC did
not influence the exacerbation rate compared with tiotropium alone
[38]. As we wrote in the editorial that commented on this study, a
main issue biased the study [39]. The majority of patients (70%)
were taking an inhaled corticosteroid (ICS) at baseline and did not
stop this treatment. This means that a huge number of individuals in
the tiotropium group actually received tiotropium plus ICS and a
large body of evidence shows that ICSs reduce the risk of AECOPDs
[40]. The results of this study suggested that tiotropium combined
with an ICS is almost as effective as the tiotropium/olodaterol com-
bination in lowering the AECOPD risk. Therefore, an ICS/LAMA
combination might be considered an option for treating COPD in
patients with a history of AECOPDs [39].

However, going back to what has already been described, we
have shown that even tiotropium administered alone, reduced the
release of non-neuronal ACh from isolated bronchi [35]. In addition,
tiotropium is able to control the proinflammatory activity of inter-
leukin (IL)-8 and IL-17A in human bronchial epithelial cell lines
[41]. Furthermore, it has also been shown that tiotropium alone,
regardless if combined with olodaterol, reduces transforming growth
factor-β1-mediated neutrophilic inflammation in COPD [42]. These
effects alone may explain the ability of tiotropium to reduce the risk
of AECOPDs.

Nevertheless, in the DYNAGITO study, the difference in the
reduction the rate of exacerbations did not achieve statistical sig-
nificance, possibly as a result of the statistical method used. A
pooled analysis of data from almost 10,000 patients with moder-
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ate-to-very severe COPD from three 1-year studies demonstrated
that dual bronchodilation with tiotropium/olodaterol reduced mod-
erate/severe exacerbations and exacerbations leading to hospitali-
sation compared with tiotropium in a range of patient subgroups,
including GOLD stage 2-3 patients, in patients with varying exac-
erbation histories, and in patients receiving an ICS at baseline [43].

Considering that it has been suggested that tiotropium
Respimat significantly increases the risk of mortality and tiotropi-
um/olodaterol FDC is delivered via the Respimat Soft Mist Inhaler
[44], we have also carried out a meta-analysis aimed to assess
whether the favorable efficacy profile of tiotropium/olodaterol is
complemented by a safe cardiovascular profile in COPD patients
enrolled in RCTs [45]. Tiotropium/olodaterol was characterized by
a satisfactory cardiovascular safety profile vs monocomponents,
with no effect on the risk of arrhythmia, myocardial infarction,
stroke, and mortality, and limited not significant impact on the fre-
quency of heart failure in COPD patients.

This is reassuring information, but it should nevertheless be
stressed that it has been shown that there is no risk in treating
patients with cardiovascular disease (a history of myocardial infarc-
tion, cerebrovascular accidents, or cardiac arrhythmia) who are suf-
fering from concomitant COPD with tiotropium/olodaterol, even
when a β-AR blocker is added [46]. This finding is important
because, although β-AR blockers may have beneficial effects in
patients with COPD independent from cardiovascular effects [47],
many physicians withhold β-AR blockers from patients with chronic
airways disorders having concerns about bronchoconstriction and
neutralization of the effectiveness of β2-AR agonists [48]. We were
invited to comment on this article [49] and fully agreed on the pos-
sibility of combining β-AR blockers and dual bronchodilators also
because there is experimental evidence that the co-administration of
a β2-AR agonist and a β1-AR blocker can influence cardiac remod-
eling [50]. However, we could not avoid pointing out some weak-
nesses in the study, especially the fact that in the β-AR blocker group
patients had less severe COPD and a higher mean baseline postbron-
chodilator FEV1 and also took cardiovascular drugs that may have
affected the results.

Conclusions

In conclusion, we strongly believe that each available
LAMA/LABA FDC has a specific efficacy/safety profile that needs
to be considered for personalized therapy in COPD. In any case, we
fully agree that there is not an equivalent amount of evidence on effi-
cacy outcomes for all LAMA/LABA FDCs. As a result, a proper
comparison between the different LAMA/LABA FDCs cannot be
made yet, and the information available is still rather inconsistent.

Only for glycopyrronium/indacaterol and tiotropium/olodaterol
we have an appreciable amount of information on efficacy and safe-
ty thanks to the clinical development programs Ignite and Tovito.
For this reason, care should be taken when extrapolating the findings
for each LABA/LAMA FDC to the entire drug class [51].
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