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Abstract
A growing number of clinical trials are documenting that adding a long-acting muscarinic antagonist (LAMA) to estab-
lished asthma treatment with an inhaled corticosteroid (ICS) and a long-acting β2-agonist (LABA) is a treatment option that 
improves the health of patients with uncontrolled severe asthma even when therapy is optimized. These favorable results 
are the reason why the leading guidelines recommend triple therapy with ICS + LABA + LAMA in patients with asthma 
uncontrolled by medium- to high-dose ICS-LABA. However, we suggest adding LAMAs to ICS-LABAs at an earlier clinical 
stage. Such action could positively influence airflow limitation, exacerbations, and eosinophilic inflammation, conditions 
that are associated with acetylcholine (ACh) activity. It could also interrupt the vicious cycle related to a continuous release 
of ACh leading to the progressive expansion of neuronal plasticity resulting in small airway dysfunction. The utility of an 
earlier use of triple therapy in asthma should, in any case, be confirmed by statistically powered trials.

Key Points 

Cholinergic tone that facilitates pathophysiological pro-
cesses such as bronchoconstriction, inflammation, and 
remodeling is increased in asthma.

The National Heart, Lung and Blood Institute (NHLBI)/
National Asthma Education and Prevention Program 
(NAEPP) and Global Initiative for Asthma (GINA) rec-
ommendations advocate using an LAMA before starting 
oral corticosteroids or biologic drugs in patients with 
severe asthma uncontrolled despite usual therapies.

We speculate that, if initiated as a GINA step 3 treat-
ment, triple therapy might optimize bronchodilation, 
reduce pulmonary hyperinflation, and influence neuronal 
plasticity.

1 Introduction

The vagus nerve, with its tonically active parasympathetic 
nerves, is the dominant neuronal pathway in the control of 
airway smooth muscle (ASM) tone [1–3]. Acetylcholine 
(ACh) is the neurotransmitter of the parasympathetic nerv-
ous system. After being released from the vagus, and there-
fore referred to as neuronal ACh, it activates muscarinic 
ACh receptors (mAChRs) located post-synaptically on 
ASM. The contraction of ASM is mediated mainly by the 
activation of  Gq-coupled  M3 mAChRs [1–3].

Despite the importance of cholinergic innervation of the 
lungs, for a long time mAChR antagonists were not consid-
ered helpful for the regular treatment of asthma. They were 
thought to be less effective than β2-agonists [4] because it 
was believed that cholinergic reflex mechanisms did not play 
a major role in asthma [5]. In 2004, the Cochrane Airways 
Group published a systematic review and meta-analysis on 
the efficacy of short-acting mAChR antagonists (SAMAs) 
in chronic asthma [6]. It showed that, when administered by 
inhalation, these agents produce inhibition of bronchocon-
striction. However, adding an mAChR antagonist to regular 
treatment with short-acting β2-agonists did not demonstrate 
significant benefits to justify its routine use. Nevertheless, it 
was not excluded that there were sub-groups of patients who 
gained some symptomatic benefit.
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At the time, older generation mAChR antagonists such 
as ipratropium bromide and oxitropium bromide were 
used, although none of them had been approved for treating 
asthma. Their use was reserved for older asthma patients, 
those with intrinsic asthma or asthma of psychogenic ori-
gin, in the presence of bronchospasm induced by the unin-
tentional use of a β-blocker, and in subjects who could not 
tolerate the adverse effects triggered by a β2-agonist [7].

In the last two decades, expressly designed basic stud-
ies and the progressive availability of long-acting mAChR 
antagonists (LAMAs) have made it possible to progressively 
change the negative view about using mAChR antagonists 
in asthma.

In this article, we aim to illustrate our views on the role 
of LAMAs in the treatment of asthma and why we suggest 
starting their use at an earlier stage than proposed by the 
Global Initiative for Asthma (GINA) strategy.

2  Pharmacological Rationale for the Use 
of LAMAs in Asthma

Cholinergic tone increases in asthma [8], facilitating 
pathophysiological processes such as bronchoconstric-
tion, inflammation, remodeling, mucus hypersecretion, and 
chronic cough [9]. Increased neural activity may result from 
neuronal remodeling and plasticity brought on by immune 
cells/inflammation, including mast cells and eosinophils, or 
cells that stimulate and support nerve development and dys-
function, such as neurotrophins [3, 9–11]. ACh is released 
more often when the density of the parasympathetic ganglia 
increases, which is a sign of plasticity [3, 11]. The enhanced 
signal generated by ACh produces a rise in the density of 
cholinergic nerves and a subsequent increase in ACh release 
that further amplifies the downstream effects of ACh, result-
ing in a vicious circle [3, 11]. Facilitated ganglionic and 
postganglionic ACh release by inflammatory mediators 
influences airway hyperresponsiveness [10].

The role of ACh produced by non-neuronal cells [12] 
through the activation of choline acetyltransferase by inflam-
matory mediators in epithelial cells and other structural 
cells, including ASM cells, fibroblasts, and mast cells, as 
well as in inflammatory cells such as macrophages, lympho-
cytes, and granulocytes is equally critical [9] (Fig. 1). High 
concentrations of immunoglobulin E also cause an increase 
in non-neuronal ACh release [12]. Airway epithelial cells 
and other structural cells produce and release pro-inflam-
matory cytokines in response to mAChR activation [13]. 
It is assumed that inhibiting cholinergic neurotransmission 
could play a role by reducing neuromodulator levels [14].

Due to their ability to block the effects of ACh on ASM 
 M3 mAChRs, LAMAs prevent or at least reduce ACh-
induced ASM contraction [3, 14, 15]. In addition, they 

also avoid the pro-inflammatory, proliferative, and pro-
fibrotic effects that ACh induces by activating mAChRs 
[14]. Neuronal and non-neuronal ACh can potentiate air-
way remodeling and inflammation in asthma [16], mainly 
through  M3 mAChRs [14].  M3 mAChRs are also expressed 
in fibroblasts, epithelial cells, and inflammatory cells [17]. 
In addition, increased ASM mass and excessive extracellu-
lar matrix deposition depend on the activation of mAChRs 
that cause collagen synthesis [18] and induce the transition 
from fibroblasts to myofibroblasts [19].

It has been suggested that the greater utility of LAMAs 
in asthma compared with SAMAs would reside in the 
well-known variations in kinetic selectivity (pKi) between 
SAMAs and LAMAs for  M3 mAChRs compared with  M2 
mAChRs, with LAMAs having longer residence times on 
 M3 mAChRs and shorter residence times on  M2 mAChRs 
[20]. It is known that the blocking of  M2 mAChRs results 
in increased ACh release [1].

There is documentation that mAChR antagonists can 
also interact reciprocally with inhaled corticosteroids 
(ICSs), causing a synergistic relaxation of passively 
sensitized human middle and small airways linked to an 
increase in cyclic adenosine monophosphate (cAMP) 
concentration [21]. Furthermore, when combined at low 
doses, mAChR antagonists and β2-agonists have synergis-
tic interactions at the ASM level and reduce ACh release 
from human bronchi [22]. Non-neuronal ACh production 
by the epithelium decreases and cAMP concentrations 
increase in the ASM and bronchial epithelium due to this 
interaction [23].

Therefore, the addition of an LAMA to ICS/LABA 
would allow advantage to be taken not only of the well-
known bidirectional molecular interactions between cor-
ticosteroids and β2-agonists for the reciprocal enhance-
ment of the pharmacological effects of ICS and LABA 
but also of the anti-remodeling activities in addition to 
the known bronchodilator and anti-inflammatory activities 
induced by the interaction between an LAMA and an ICS 
[2, 3] (Fig. 2). Furthermore, pharmacological intervention 
based on the combination of an LABA with an LAMA 
would shift the relaxation–contraction imbalance toward 
a relaxed ASM profile [2, 3].

Pharmacological characterization of the potential ben-
eficial effect of adding an LAMA to an ICS and a long-
acting β2-agonist (LABA) was carried out using passively 
sensitized human airways. ICS + LABA + LAMA com-
binations induced synergistic bronchorelaxant effects 
in medium and small human airways, at least in ex vivo 
experiments [24, 25]. This synergy was related to sig-
nificant reduction in the release of interleukin (IL)-4, 
IL-5, IL-6, IL-9, IL-13, tumor necrosis factor-α, thymic 
stromal lymphopoietin, neurokinin A, substance P, and 
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non-neuronal ACh and a massive increase in intracellular 
cAMP concentration [25].

3  Clinical Evidence Supporting the Use 
of LAMAs in Asthma

The clinical impact of adding an LAMA to standard asthma 
therapy has been evaluated in many randomized clinical tri-
als (RCTs). However, these RCTs had different drug com-
bination components, inhaler devices, and frequency of 
administration. Quantitative synthesis of the currently avail-
able data by meta-analysis can be used to overcome this bias 
and obtain consistent and homogeneous estimates [26]. The 
GINA strategy, when referring to approaches to the man-
agement and treatment of asthma patients, ranks systematic 
reviews with meta-analyses at the top of evidence [27].

A network meta-analysis used data from 9535 asthmatic 
patients selected from five phase III RCTs performed in 
symptomatic patients suffering from uncontrolled asthma 
[28]. The addition of an LAMA to high-dose ICS + LABA 
was significantly more effective in preventing the risk of 

moderate to severe asthma exacerbations than the medium-
dose ICS + LABA combinations and also the addition of 
an LAMA to medium-dose ICS + LABA. It also showed 
a trend toward significance compared with high-dose  
ICS + LABA combinations. Furthermore, high-dose ICS + 
LABA + LAMA was the most effective treatment in improv-
ing trough forced expiratory volume in 1 s  (FEV1), followed 
by medium-dose ICS + LABA + LAMA combinations, 
high-dose ICS + LABA combinations, and medium-dose 
ICS + LABA combinations.

Adding an LAMA to medium- or high-dose ICS + LABA 
or increasing the dose of ICS in the context of medium-
dose ICS + LABA + LAMA reduced the risk of moderate 
to severe asthma exacerbation and increased trough  FEV1. 
Adding an LAMA and increasing the dose of ICS further 
prevented the risk of moderate to severe asthma exacer-
bation and improved the trough  FEV1. ICS + LABA + 
LAMA combinations effectively improved Asthma Control 
Questionnaire score, although a trend toward significance 
was detected for high-dose ICS + LABA + LAMA versus 
medium-dose ICS + LABA + LAMA.

Fig. 1  Potential effects of ACh on asthmatic small airways. ACh acetylcholine, ChAT choline acetyltransferase, ECM extracellular matrix (repro-
duced from Cazzola et al. [17])
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There was no substantial difference between the examined 
combinations regarding the risk of severe adverse events, 
pneumonia, and major cardiovascular events.

A systematic review and meta-analysis, which included 
20 RCTs and 11,894 patients with moderate to severe 
persistent asthma, compared triple therapy (ICS + 
LABA + LAMA) with dual therapy (ICS + LABA) [29]. 

High-certainty evidence showed that triple therapy com-
pared with dual therapy was significantly associated with a 
reduced risk of severe exacerbations and improved asthma 
control. Triple therapy was significantly associated with 
more patients achieving a 200 mL increase in trough  FEV1 
from baseline compared with dual therapy. There were 
no significant differences in asthma-related quality of life 

Fig. 2  The rationale for triple therapy. The exact nature of the inter-
actions between LAMAs, LABAs, and ICSs is not completely 
understood, but there is cross-talk at many levels in ASM cells that 
is also regulated by the activity of calcium-activated potassium 
channels and protein tyrosine kinases. AC Adenylyl cyclase, β2-AR  

β2-adrenoceptor, cAMP cyclic adenosine monophosphate, GR glu-
cocorticoid receptor, KCa++ calcium-activated potassium channel, 
nAChR nicotinic acetylcholine receptor, PKC protein kinase C, PTK 
protein tyrosine kinase (reproduced from Cazzola et al. [3])



961LAMAs in Asthma

or mortality. The frequency of previous exacerbations (< 
1 exacerbation versus ≥ 1 exacerbation), age (< 18 years 
versus ≥ 18 years), smoking history, ICS dose and type of 
intervention or comparator, type and dose of LAMA, or 
inflammatory phenotype [type-2 (T2)-high versus T2-low 
asthma defined by peripheral blood eosinophil count] were 
not credible effect modifiers in subgroup analyses for asthma 
severity. Treatment-related severe adverse events were not 
significantly different between groups.

Another systematic review and network meta-analysis 
evaluated the efficacy and safety of dual (ICS + LABA) and 
triple (ICS + LABA + LAMA) therapies compared with 
each other and with different doses of ICS in adolescents 
and adults with uncontrolled asthma [30]. A total of 17,161 
patients from 17 studies were included. The results indicated 
that, compared to medium-dose ICS + LABA, medium- 
and high-dose ICS + LABA + LAMA treatments reduced 
asthma exacerbations requiring corticosteroid treatment 
(high-certainty evidence) but not asthma-related hospitali-
zations. Regarding the reduction of asthma attacks requiring 
corticosteroids, treatment with high-dose ICS + LABA + 
LAMA appeared superior to therapy with medium-dose ICS 
+ LABA + LAMA (moderate-certainty evidence). However, 
triple therapy did not significantly improve symptoms or 
quality of life compared with dual therapy. According to 
subgroup studies, people with a history of asthma exacer-
bation in the previous year seemed most likely to benefit 
from the reduction in exacerbations requiring corticoster-
oids associated with ICS + LABA + LAMA. Compared 
with medium-dose ICS + LABA, high-dose ICS + LABA 
+ LAMA reduced all-cause adverse events and probably 
also dropout rates, a reduction not seen with medium-dose 
ICS + LABA + LAMA (evidence of moderate certainty). 
Furthermore, there was no difference between triple therapy 
and dual therapy regarding significant all-cause or asthma-
related adverse events (evidence of high certainty).

4  Current Positioning of LAMAs 
in the Treatment of Asthma

Current National Heart, Lung and Blood Institute (NHLBI)/
National Asthma Education and Prevention Program 
(NAEPP) guidelines [31] and GINA therapeutic strategy 
[27] exclude the possibility of using an LAMA in mono-
therapy or replacing LABA with an LAMA in combination 
with an ICS unless LABAs are unavailable to the patient 
or are not acceptable due to efficacy or safety issues. The 
exclusion of the possibility of using an LAMA in mono-
therapy does not consider the results of the SIENA study 

in which the clinical response to ICS or tiotropium favored 
ICS when the eosinophil level was ≥ 2% in patients with 
mild persistent asthma, as expected [32]. However, when the 
sputum eosinophil count was < 2%, no drug superiority was 
evident, although patients improved with mometasone and 
tiotropium compared with placebo. NHLBI/NAEPP recom-
mends the addition of an LAMA to low-dose ICS at step 3 
and medium-dose ICS at step 4 as an alternate controller 
treatment [31]. Adding an LAMA to ICS controller therapy 
is more successful than using ICS controller therapy alone, 
but it is not more effective than adding an LABA [31]. It 
should be noted that the NHLBI/NAEPP guidelines were 
limited to tiotropium.

The European Respiratory Society/American Thoracic 
Society guideline for management of severe asthma recom-
mends the addition of an LAMA (tiotropium) for children, 
adolescents, and adults with severe asthma uncontrolled 
despite GINA steps 4–5 or NHLBI/NAEPP step 5 therapies 
[33]. The NHLBI/NAEPP [31] and GINA [27] recommen-
dations advocate using an LAMA before starting oral corti-
costeroids or biologic drugs. LAMAs are indicated as add-
on therapy to high-dose ICS + LABA as a single inhaler or 
a combination (triple) inhaler in GINA stage 5 (i.e., uncon-
trolled severe asthma despite proper ICS + LABA admin-
istration). Also, GINA step 4 includes the addition of an 
LAMA as an alternate controller treatment [27].

5  Use of LAMAs Considering Treatable Traits

Asthma is currently recognized as a collection of distinct 
clinical and pathophysiological syndromes that may overlap 
[34]. Nonetheless, both NHLBI/NAEPP and GINA suggest 
a treatment strategy for asthma that ignores the underlying 
disease processes and instead focuses on so-called “severity 
phenotypes” based on lung function, symptoms, and quality 
of life that allows a “one-size-fits-all” approach [35]. How-
ever, escalation to phenotype-specific personalized biologi-
cal therapies should be understood with the first, albeit lim-
ited, attempt at personalized therapy in asthma [36].

A new approach acknowledges the complexity and het-
erogeneity of asthma and focuses on targeted interventions 
against identifiable and treatable mechanistic pathways or 
treatable traits [37]. This approach completely embraces 
the notion of precision medicine, which contrasts with the 
conventional “one-size-fits-all” approach to asthma therapy 
[38]. It entails breaking down obstructive airway diseases, 
including asthma, into their constituent elements to precisely 
identify and then target/treat the relevant features in an indi-
vidual [39]. There are many pulmonary, extrapulmonary, 
or lifestyle/environmental traits that are treatable. The most 
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critical treatable traits in asthma are symptoms due to air-
flow limitation and the risk of asthma attacks/exacerbations 
secondary to T2 airway inflammation [37].

The already quoted evidence shows that triple therapy 
is more effective than ICS + LABA combinations in pre-
venting asthma exacerbations [28–30], and this also in the 
absence of T2 airway inflammation [29], which is responsive 
to standard treatment with ICSs [36], and in the presence of 
fixed airflow limitation [40].

The therapeutic approach to airflow limitation is more 
complex because it can be caused by several pathogenic 
processes that we can still not fully recognize. This makes it 
impossible to make reliable predictions about prognosis and 
response to treatment [41]. Mechanical compression estab-
lishes an asthma-like molecular signature in human bron-
chial epithelial cells obtained from non-asthmatic donors, 
even without any inflammatory stimuli [37]. Airway dis-
tortion lasts for a considerable time following the onset of 
airway constriction. It may cause structural changes in the 
airways, including remodeling, that promote the develop-
ment of asthma [42, 43].

Therefore, bronchoconstriction as a disease modifier 
might be targeted to improve patient outcomes [38]. Solid 
evidence has shown that combining an LAMA with an 
LABA results in a synergistic relaxing effect in medium-
caliber bronchi, which correlates with an improvement in 
 FEV1, and in small airways with a positive influence on 
compressive air trapping [44], which is a feature of the natu-
ral history of asthma [42] and an essential target for asthma 
therapy [45]. However, an LABA + LAMA combination 
must always be administered in conjunction with an ICS 

for treating asthma [27]. It is not trivial that asthmatics with 
fixed airflow limitation can have elevated eosinophil blood 
counts [46]. On the other hand, it also cannot be overlooked 
that tiotropium appeared to be as effective as mometasone 
in patients with asthma who have low levels of eosinophils 
in their sputum [32].

Airway remodeling can affect both large and small air-
ways [47]. Ach’s potential to facilitate remodeling sug-
gests that it is appropriate to target the damaging actions 
of ACh on ASM and the persistent inflammatory airway 
insult caused by immune/inflammatory cells, which means 
using an LAMA and an ICS + LABA combination at the 
same time [48]. Noteably, this therapeutic approach also 
benefits from the decreased ACh release that comes with 
LABA + LAMA combination [23]. This might prevent, or 
at least reduce, neuronal functional changes (plasticity) that 
could sustain and expand inflammation and worsen airway 
structure and function through excessive ACh release. For 
this reason, we believe that neuronal plasticity should be 
considered a treatable trait [3].

6  The Possible Value of an Earlier Use 
of LAMAs in Asthma

The use of triple therapy in asthma directed at treatable 
traits, independent of the pharmacological options for 
asthma recommended by the NHLBI/NAEPP guidelines 
[31] and the GINA strategy [27], might be an intriguing 
possibility that needs to be supported by statistically pow-
ered studies [48].

Fig. 3  The triple therapy targeting treatable traits (5T) approach in asthma. Tracts that can be treated with ICSs, ICSs + LABAs, and ICSs + 
LABAs + LAMAs, respectively (reproduced from Cazzola et al. [48])
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We know that there are many treatable traits in an 
asthma patient, and all deserve attention. However, we 
should focus on those at the lung level that have appeared 
to be the most frequent in fundamental studies that 
attempted to identify treatable asthma traits [49–51]. 
Eosinophilic airway inflammation, airflow limitation, 
and tendency to exacerbate are the most common treat-
able traits. Still, mucus hypersecretion, neutrophilic air-
way inflammation, small airway dysfunction, and, most 
importantly, neuronal plasticity must also be considered.

Awareness that a given patient can present multiple 
treatable traits, which indicates that the presence of a trait 
does not exclude that of others [52] and that only the use 
of a combination of ICS + LABA + LAMA can treat the 
aforementioned treatable traits with a high probability 
of success (Fig. 3), suggests the need to test the clinical 
validity of extending the use of triple therapy to the whole 
spectrum of asthma [48], not just severe asthma, at least as 
recommended by the GINA strategy [27].

Experimental data and preclinical studies [24, 25] allow 
us to speculate that, if initiated as a GINA step 3 treatment 
(i.e., in patients with moderate persistent asthma) option, 
offered at least as an alternative by NHLBI/NAEPP guide-
lines [31], triple therapy might optimize bronchodilation, 
reduce pulmonary hyperinflation, and influence neuronal 
plasticity. The likely consequence of this may be better 
control of asthma and, thus, a reduction in the need for fre-
quent and problematic step-ups and step-downs [34], with 
benefits for patients unwilling to discontinue a therapy 
that they consider effective [53]. Improved quality of life, 
reduced hospitalization, and hopefully, a slower decline in 
lung function and reduced mortality are other imaginable 
outcomes of an earlier start of triple therapy, which means 
anticipating the use of LAMAs in asthma patients, at least 
in those with moderate persistent asthma.
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