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Abstract. Aim. The treatment of chronic obstructive pulmonary disease (COPD) is generally based on the assumption
of drug combinations in which B,-agonists are commonly included. Ultra-LABAs were developed to induce a greater
adherence to the treatment as a result of the simplification of treatment with the reduction of the daily dose to be taken.
Material and methods. We analyzed the current literature data on f2-adrenergic agonists. The potential positioning of
ultra-LABAs in the treatment of COPD and their cardiovascular safety is discussed according to the new information on
the topics. Results and discussion. The novel fixed-dose combinations of ultra-LABAs with LAMAs and/or ICSs are
examined, as well as the novel ultra-LABAs under clinical development and the ultra-LABAs in preclinical development.
Conclusion. The huge interest in developing new ultra-LABAs has apparently declined progressively in recent times.
Nevertheless, ultra-LABAs are considered a fundamental component of the combinations with other classes of drugs
(LAMAs and ICSs) that are central for treating COPD and now are administered on oncedaily basis.

Key words: Cardiovascular safety; combination therapy; COPD; monotherapy; ultra-LABAs.

For reference: Puxxedu E, Ora J, Calzetta L, Cazzola M. Progress and prospects for long-acting B,-agonists
in the treatment of COPD. The Bulletin of Contemporary Clinical Medicine. 2017; 10 (1): 7—14. DOI: 10.20969/
VSKM.2017.10(1).7-14.

AOCTUXEHUSA U NEPCNEKTUBbI NPUMEHEHUS 3,-ATOHUCTOB
AJTENIBHOIO AENCTBUS B JIEHEHUM XPOHUYECKOMN
OBCTPYKTUBHOW BOJIE3HU JIEFKUX (XOBJ1)

EPMAHHO NMYKCEZLAY, nynbMoHOI0r, aCCUCTEHT kKaheapbl pecrnvpaTopHoi MeanLVHBI, kacdeapa CUCTeMHOM
meanumHbl, YanBepcutet Puma Top Beprata, Pum, Utanus, YuuBepcutetckas 6osbHuLa Top Beprata, Bua Mo+nenbe, 1,
00133, Pum, Utanuns, e-mail: ERMANNOPUX®@Ilibero. it

JKO3Y3J1 OPA, nynsmoHosor, YHueepcutetckasi 6onbHuLa Top Beprata, Bua MoHnense, 1, 00133, Pum, Utanus,
e-mail: josuel78@gmail.com

JIYULO)KUHO KAJISETTA, AOKT. Me. HayK, Hay4Hblii COTPYAHMK 1abopaTtopum PECNPATOPHON KIMHNYECKOM
Gapmakonoruy kagpeaps cucTeMHo MeanLmHbl, YHuBepcutet Puma Top Beprara, Bua Moxnense, 1, 00133, Pum,
Urtanwus, e-mail: luigino.calzetta@uniroma2.it

MAPUO KA330J1A, noyeTHbiii npogeccop B 061aCTy pecnmpaTopHor MeanLmHbl, Kageapa CUCTEMHOM MeANLMHBI,
YHusepcutet Puma Top Beprara, Bua MoHnense, 1, 00133, Pum, Utanus, e-mail: mario.cazzola@uniromaZ2. it

Pedepar. Ljesib. JleueHre xpoHnyeckor obcTpykTuBHOM 6onesnn nerkunx (XOBI), kak npaBuno, npeanonaraet HazHave-
H1e KOMBVHaLMM NekapCTBEHHbIX NPenapaTos, OO4HUM 13 KOTOPbIX 3a4aCTYI0 ABMAETCA arOHUCT ,-aApeHOpeLenTopos.
HaHHas cTaTba HanucaHa ¢ Lenbio npeacTasneHns nHdopmaumm o6 aroHucTax B,-aapeHopeLenTopos ANUTENbLHOMo
nencteus (ultra-LABAs) — coBpemeHHoM chopme npenapaTtoB, obecnevmBatoLe BbICOKYIO MPUBEPKEHHOCTb NaLm-
€HTOB NeyeHunto Gnarogapst ynpoLleHHo cxeme npuema 1 pa3 B cytku. Mamepuan u Memodsl. [poaHannanpoBaHbl
COBpEMEHHbIe NnUTepaTypHble AaHHble 06 aroHucTax f,-agpeHopeuenTopos. B 4acTHOCTM, HoBeWlMe AaHHble O
npumeHeHum ultra-LABAs B nedenun XOBJ1, a Takke Bonpockl 6e30nacHoCTy npenapaTa ans cepae4Ho-CoCyaAnNCTON
cuctembl. Pesynibmamsl u ux ob6cyxdeHue. PaccmaTprBaeTcs MHHOBALMOHHbIV MeTod Ha3HayeHus (OUKCMpoBaH-
Hblx 003 LABAS B KOMOGWHAUMM C aHTUXONMHEPTMYECKMMMU NpenapaTtamun anutensHoro aencteus (LAMAS) n/vnm c
WMHransunoHHbIMIN KOpTUKOCTEPOMAAMU, a Takke HOBeWLLMX npenapaTtoB ultra-LABAs, HaxoadaLwwmxcsa Ha aTanax Knu-
HMYECKOro MCCNeAoBaHnsa U OOKNMHUYeckow pa3paboTtku. 3aksroyeHue. ViHTepec Kk pa3paboTke HOBbIX arOHUCTOB
Bz—a,qpeHopeuenTopOB ONUTENbHOIo AENCTBUSA 3HAYNTENbHO CHU3NUIICA 3a nocneaHue rogbl. Tem He meHee ultra-LABAS
CYMTAIOTCH OOHUM U3 OCHOBHbIX KOMMOHEHTOB neyeHnss XOBJ1 B KoMOGuHauum ¢ ApyrMMun knaccamu npenapaToB
(LAMAS 1 MHransiyMoHHbIMU KOPTMKOCTEPOMAAMM), KOTOPbIE B HAaCTOSILLEE BPEMSI HAXOAATCSA Ha aTane BHeapeHus
ANs PerynspHoro UCnosb30BaHus.
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I ntroduction. In 2005, we coined the term
ultra long-acting B,-agonists (ultra LABAs)
to identify the novel B,-agonists that, at least from
the pharmacological point of view, seemed able of
inducing bronchodilation for 24 hours or more [1].
We pointed out that «the oncedaily dosing of a LABA
would be a significant convenience and probably a
compliance-enhancing advantage, leading to improved
overall clinical outcomes in patients with asthma and
COPD». Apparently, at that time several ultra LABAs
(arformoterol, carmoterol, indacaterol, GSK-159797
(milveterol), GSK-597901, GSK-159802, GSK-642444
(vilanterol) and GSK-678007) were under development.

In 2007, we highlighted that arformoterol was not
a real once daily LABA and also stressed that «Any
company planning to develop a new ultra-LABA
must consider very carefully the pharmacological
characteristics of the B,-adrenoceptor agonist
component to understand how it will fit into current
treatment strategies and whether it should be used
only in combination with other drugs» [2].

In 2009, we included in the list of new B, -agonists
under development BI-1744-CL (olodaterol), and
LAS100977 (abediterol) [3]. Furthermore, we illustrated
the possible development of saligenin- or indole-
containing and adamantyl-derived B, -agonists and
highlighted that despite this interesting profile of
milveterol, it was likely that it would be developed only
as a back-up because of the greater therapeutic index of
vilanterol, and also the great delay in the development of
carmoterol, although it was the oldest of the ultra-LABAs
under investigation.

In 2011, considering the great interest within the
pharmaceutical industry in the discovery of effective
ultra LABAs, we described what we considered the
mandatory pharmacological characteristics of any
new LABA [4]. They included longer duration of
action (compared with existing LABAs) with a true
24 h sustained bronchodilator efficacy allowing once
daily dosing, fast onset of action, superior efficacy
compared with existing LABAs, and favourable safety
and tolerability profile.

At that time, indacaterol had already received
European regulatory approval and been launched
in several countries, whereas olodaterol, vilanterol,
carmoterol, LAS100977 (abediterol) and PF-610355
were apparently under development.

In the 2012, in a review paper mainly focuses on
bronchodilators that were in Phase | and |l clinical trials,
we described AZD3199, abediterol, and PF-610355 and
pointed out that further development of this last ultra-
LABA had been stopped [5].

In the 2013, in a further revision of the literature
focused on B,-agonist treatment in lung disease
[6], we highlighted that it was likely that the also the
development of AZD3199had been discontinued for
strategic and regulatory reasons.
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In the last three years, apart from the publication
of some of our original contributions focused primarily
on understanding the value of dual bronchodilation
[7-12], in which surely B,-agonists play a fundamental
role, we examined and described the development
of single ultra-LABAs now entered into the daily
practice as monotherapy or in combination with a long-
acting muscarinic antagonist (LAMA) or an inhaled
corticosteroid (ICS) [13-21].

In this article, we aim to describe the novelties that
have emerged in recent years on the use of B,-agonists
in the treatment of COPD and illustrate the possible
further development of this class of bronchodilators.

Positioning ultra-LABAs in the treatment

of COPD

Basically, almost all the new information on the
topic has been obtained with indacaterol, which is the
archetype of this new group of B,-agonists and is the
first ultra-LABA approved for the treatment of COPD.

Since in the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) report no distinction is made
as to which class of bronchodilators, either LABAs
or LAMAs, should be considered first, but they only
recommend the use of long-acting bronchodilator
agents [22], Kerstjens and colleagues [23] examined the
effectiveness of indacaterol and other bronchodilators
compared with placebo in patients across the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
2011 categories A to D through a post-hoc, subgroup
pooled analysis of 6-month efficacy data from three
randomized, placebo-controlled, parallel-group studies
involving 3862 patients. The results indicated that
indacaterol was effective in improving lung function,
dyspnoea, and rescue medication use across all four
GOLD categories. Furthermore, a pooled analysis of two
randomized, parallel-group trials showed that in patients
in GOLD categories A and B indacaterol improved
lung function and provided a greater benefit in terms
of dyspnoea and health status compared with placebo
[24]. However, a post hoc pooled analysis of four trials
suggested that concomitant COPD therapies and COPD
severity influenced the magnitude of the bronchodilatory
effect of another ultra-LABA, olodaterol, in a subgroup
of patients with moderate to severe disease (GOLD 2-3)
[25]. In particular, of the patients who had not received
concomitant therapy, those who were GOLD stage 2 had
FEV, AUC, ,and trough FEV, responses with olodaterol
that were 1.2- and 1.9-fold, respectively, higher than
in, GOLD 3 patients. Anotherpost-hoc analysis of
pooled data from clinical studies compared the efficacy
of once daily inhaled bronchodilators indacaterol
(150 and 300pg) and tiotropium (18ug) according to
baseline breathlessness severity in patients with COPD
documented that, while all treatments were equally
effective in patients with less dyspnoea, indacaterol 300
Mg was preferable for patients with COPD who suffered
from more severe dyspnoea [26].
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The crucial Indacaterol: Switching Non-exacerbating
Patients with Moderate COPD From Salmeterol/
Fluticasone to Indacaterol (INSTEAD) trial, which
enrolled COPD patients with moderate airflow limitation
and without a history of exacerbations in the previous
year, but on treatment with ICS/LABA combination
therapy for 23 months, documented that these patients
can be switched from ICS/LABA to indacaterol 150 ug
with no efficacy loss [27].

Interestingly, a single-centre audit of a primary
care COPD cohort comprising all patients treated with
indacaterol for a minimum of 12 months, showed that
indacaterol was an effective LABA as an escalation
or switch medication from a LABA/ICS combination
significantly reducing the number of exacerbations in
patients with moderate-to-severe COPD [28].

This is an intriguing finding, but it must be admitted
that to determine whether a treatment with ultra-LABAs
is sufficient to prevent, or at least delay, exacerbations
of COPD is quite difficult. In a pooled analysis of data
from three randomized, double blind, placebo-controlled
studies, both indacaterol doses, 150 and 300 pg, were
associated with significant reductions in exacerbations
versus placebo [29]. However, the Indacaterol:
providing opportunity to re-engage patients with life
(INVIGORATE) study showed that tiotropium offered
greater protection from exacerbations than indacaterol
[30], but the absolute number of events was small and
the difference between treatments was of uncertain
clinical importance.

Apost hoc analysis has shown that blood eosinophil
count 22%, which is a promising biomarker of response
to ICSs in patients with COPD [31], does not appear to
predict bronchodilator response to ,-agonists in either
ICS users or non-users [32].

It is remarkable to point out that a UK-based
cost-utility analysis of indacateroldemonstrated that
indacaterol can produce better outcomes at a lower cost
to the healthcare system compared with both tiotropium
and salmeterol and is likely to remain cost-effective
under a range of assumptions [33]. In particular, the
proportion of patients in each of the COPD stages and
the mortality rate associated with very severe COPD
are the variables with the largest impact on the results.

Cardiovascular safety of ultra-LABAs

All'inhaled B,-agonists have a potential to increase
heart rate and the incidence of ventricular arrhythmias
in patients with COPD [6] because some of the B,-
adrenoceptors in the atria and ventricles are B,, and thus
even selective B,-agonists can provoke direct simulation
of the heart [34, 35]. Furthermore, they can also induce
vasodilation and reflex tachycardia as a consequence
of the B,-adrenoceptors stimulation [34, 35].

A meta-analysis of randomized, double-blind,
parallel-group, placebo-controlled trials for ultra-LABAs
(and also formoterol and salmeterol) treatment of COPD
with at least 3 months of follow-up suggested that
inhaled LABAs significantly reduced the rate of fatal
cardiovascular events in COPD patients compared
with placebo and were able to significantly decrease
fatal cardiovascular events in long-term, but not in the
short-term, trials and in studies in which the predicted
FEV, of the participants were less than 50% [36].
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Unsurprisingly, COPD patients with cardiac report
a higher incidence of cardiovascular adverse events
versus those with no history, but fortunately, no increase
in risk estimates of fatal or any major adverse cardiac
event (MACE) end points is observed in this subgroup
and also in those who are taking 3-blockers [37].

A recent study, which has investigated the ability of
a chronic treatment with indacaterol to reverse cardiac
remodelling and its effects on myocardial infarction
in a rat model of heart failure, demonstrated that this
ultra-LABA significantly reduced the infarct size in heart
failure rats and BNP levels [38]. Intriguingly, the results
of the study showed an additive interaction between
indacaterol and metoprolol, a selective 3,-adrenoceptor
antagonist, in normalizing and reversing cardiac
remodelling in this experimental model of heart failure.
This emerging information suggests the need for more
extensive studies with the combination of an ultra-LABA
and a selective 3,-adrenoceptor antagonist in patients
suffering from both heart failure and COPD, considering
that pharmacological modulation of B-adrenoceptor
function is one of the critical issues in the treatment of
these patients [39].

There is documentation that ultra-LABAs are able
to induce a rapid reduction in BNP levels in patients
admitted to emergency department for AECOPD [40].
Itis not easy to explain why ultra-LABAs decrease BNP
levels. The most plausible hypothesis is that they are
able to directly influence the pulmonary hemodynamics.
Alternatively, it has been suggested that ultra-LABAs
are able to cause an attenuation of air trapping, leading
to a reduction of intrathoracic pressure, including
pressure on the whole heart, and, consequently, to
an improvement of right ventricular overload and left
ventricular diastolic dysfunction. In effect, it has been
shown that indacaterol significantly reduces lung
hyperinflation in acute conditions [41]. This reduction
is associated with a significant increase of the right
ventricular compliance indexes and may have a role in
improving left ventricular preload leading to a reduction
in cardiac frequency.

Ultra-LABAs and combination therapies

Three fixed-dose combination formulations (FDCs)
containing an ultra-LABA and a LAMA have been
developed indacaterol/glycopyrronium [15], vilanterol/
umeclidinium [20], and olodaterol/tiotropium [18].
Addition of an ultra-LABA to a LAMA not only induces
a larger bronchodilation than that obtained with the
LAMA as monotherapy, but also significantly improves
many patient reported outcomes. In fact, a systematic
review with meta-analysis that incorporated the data
from trials lasting at least 3 months [12] has shown that
these three ultra-LABA/LAMA combinations are always
more effective than the LAMA or ultra-LABA alone in
terms of the improvement not only in trough FEV., but
also in transitional dyspnoea index and St. George’ s
Respiratory Questionnaire scores.

This finding is nor surprising because there is recent
preclinical documentation that combining an ultra-LABA
with a LAMAat lower concentrations than those used
in therapy provides a pharmacological synergistic
benefit on airway smooth muscle relaxation [8], which
may have major implications for the use of ultra-LABA/
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LAMAFDCs in the treatment COPD [11]. Unfortunately,
the synergistic effect is difficult to be documented in
patientssuffering from COPD, although it can be shown
after acute administration of the two bronchodilators [9],
mainly because the choice of the doses to be used in
the clinical development of ultra-LABA/LAMA FDCs has
always been done without having previously performed
studies to determine the optimal concentrations able
to induce synergism in human isolated airways and
we strongly believe that this is a mistake because, as
already mentioned in the past “the doses extrapolated
from ex vivo studies may provide a translational
approach to design clinical trials that would promptly
offer information on the optimal doses of LAMA/LABA
combination inducing synergistic bronchodilation in
COPD patients” [12].

In any case, the results of the already mentioned
meta-analysis [12] have documented that the twice-
daily indacaterol/glycopyrrolate 27.5/15.6 ug FDC
(glycopyrrolate 15.6 ug, excluding the bromide salt, is
equivalent to 12.5 pg glycopyrronium), which hasbeen
developed in the United States, is as effective as the
-daily indacaterol/glycopyrronium 110/50 ug FDC, a
finding that fully supports our opinion.

The innovative information generated by the use
of ultra-LABA/LAMA FDCs is that at least indacaterol/
glycopyrronium FDC seems to be more effective
than salmeterol/fluticasone FDC in preventing COPD
exacerbations in patients with a history of exacerbation
during the previous year [42]. It is well known that
non-neuronal acetylcholine (ACh) has inflammatory
properties and the multitude of cells in the airways,
including bronchial epithelial cells, neutrophils,
lymphocytes, macrophages and fibroblasts, involved in
exacerbations of COPD, have muscarinic receptors [43].
There is evidence that co-administration of indacaterol
and glycopyrronium reduces the release of non-
neuronal ACh, ACh that is released from the epithelium
but not from bronchi [8].

The important role of combination therapy with
an ICS and a LABA in the treatment of severe COPD
patients with frequent exacerbations [22]reveals major
marketing chances. Consequently, the pharmaceutical
industry has a real interest in also developing anultra-
LABA/once daily ICSFDC, in an attempt to simplify the
treatment and, consequently, increase adherence to
the prescribed therapy, and likely also to overcome the
loss of patent protection [4].

At present time, vilanterol/fluticasone furoate is
the only ultra-LABA/once daily ICS FDC approved
for the long-term, once daily, maintenancetreatment
of airflow obstruction in COPD patients,including
chronic bronchitis and/or emphysema and toreduce
exacerbations of COPD in patients with a history
ofexacerbations [19].

The growing body of evidence suggests that triple
therapy with LABAs, LAMAs, and ICS is efficacious
making it an attractive combination in COPD. Therefore,
a variety of triple combinations are currently under
development [44]. However, the vilanterol/umeclidinium/
fluticasone furoate combination is the only triple therapy
under development that includes an ultra-LABA.Two
recent randomized studies evaluated the efficacy and
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safety of umeclidinium added to vilanterol/fluticasone
furoate in patients with moderate-to-very-severe
COPD. The results of these studies documented that
the addition of umeclidinium to vilanterol/fluticasone
furoate resulted in significant improvements in lung
function compared with vilanterol/fluticasone furoate,
with similar safety profiles, though the impact on quality
of life was inconsistent [45].The InforMing the PAthway
of COPD Treatment (IMPACT) study will evaluate the
efficacy and safety of this triple combination versus
vilanterol/fluticasone furoate or vilanterol/umeclidinium
over a 52-week treatment period [46]. The study aims
to recruit 10000 symptomatic advanced COPD patients
(Global initiative for chronic Obstructive Lung Disease
(GOLD) group D) with an exacerbation in the previous
12 months.The anticipated completion date is July 2017.

It is likely that also a fixed dose combination with
indacaterol/glycopyrronium/mometasone will be
developed on a once-daily basis. However, there is still
no available information although apparently it is under
development only in patients with asthma.

Novel ultra-LABAsstill

under clinical development

Abediterol (AZD0548) is a new ultra-LABA that
in preclinical setting showed superior bronchodilatory
potency and similar or superior selectivity for B3,-
adrenoreceptors over B ,-adrenoreceptors but a
reduced effect on heart rate compared with formoterol,
indacaterol, salmeterol, vilanterol and olodaterol [47,
48].Furthermore, this new ultra-LABAexhibited a long
residence time at the human B,-adrenoceptor, with
a much slower dissociation half-life than indacaterol,
olodaterol and vilanterol [49].

A Phase I, randomized study has documented that
abediterol 0.625-2.5 pg provided dose-dependent,
clinically and statistically significant bronchodilation
versus placebo in 62 patients with mild-to-moderate
asthma who were also receiving an ICS, with a peak
effect similar to salbutamol and duration of action
compatible with once daily dosing [50]. All doses
of abediterol were well tolerated. Also in 70 COPD
patients who were GOLD stage 2/3, all doses of
abediterol (0.625-10 ug) provided clinically and
statistically significant, dose-dependent improvements
in bronchodilation versus placebo, and were well
tolerated [51]. Interestingly abediterol 2.5, 5 and 10
Mg gave significant improvements versus indacaterol.

PF-610355 is a member of a series of potent and
selective sulfonamide derived 3,-adrenoceptor agonists
[52]. In healthy subjects, duration of action of PF-610355
450 pg on airways determined by plethysmography
was superior to salmeterol 50 ug by 9.77 h indicating
the potential for sustained pharmacological effect in
the lung [53]. A preliminary trial documented that PF-
610355 induced a clear 24 h bronchodilator effect in
asthmatic patients [54].In patients with COPD, it has
been estimated that once daily fine-particle dose of
28.1 ug versus placebo has a moderate probability of
providing an average improvement above 100 mL at
trough [55]. The 50 ug fine-particle dose, on the other
hand, has a greater than 0.78 probability of achieving
a 120 mL improvement versus placebo at trough.A
pharmacokinetic/pharmacodynamic analysis suggested
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that no relevant effects of PF-610355 on heart rate in
COPD patients should be expected for doses up to
280 g once daily [56]. Although this interesting profile,
in 2011 the development of the compound for the
treatment of asthma and COPD was discontinuedlikely
for strategic and regulatory reasons. We are confident
that the interesting pharmacological and clinical profile
of PF-610355 will induce the further development of
this ultra-LABA.

AZD3199 is another novel inhaled, selective
ultra-LABA. It has been selected froma new series of
dibasic C-1 des-hydroxy 7-hydroxy benzthiazolone
B,-adrenoreceptor agonists and is highly selective
(>1500-fold) for the human B,-adrenoreceptors
(PEC,, 7.9 £ 0.12 (n = 8)) over human B.- and B,-
adrenoreceptors s [57].AZD3199 plasma exposure
in healthy volunteers and patients suggested linear
pharmacokinetics and a long half-life [58]. Systemic
availability was similar in healthy subjects and patients
with asthma, but was lower in patients with COPD.
In asthmatic patients, AZD3199 480 ug and 1920 ug
produced 24-hour bronchodilation [59]. At comparable
peak bronchodilator effect, AZD3199 was associated
with a lower level of systemic side effects than formoterol.
In COPDthree different doses of AZD3199 (200, 400 or
800 pg o.d.) produced effective bronchodilation with
24-hour duration of action that was comparable to, or
greater than, that achieved with formoterol twice daily
[60]. However, no clear dose-response was observed
for the bronchodilatory effects of AZD3199 at either
peak or trough effects

A network meta-analysis that included >200
randomised trials showed that AZD3199 was the most
effective agent in having a reduced risk of mortality in
COPD patients (OR 0.45, 95%CI 0.02-10.32) [61].

Milveterol is being developed as an ultra-LABA for
use in patients with asthma and COPD. Preclinical studies
demonstrated high potency in vitro and long duration
of action in a guinea pig model of bronchoprotection
[62].The currently available information about its clinic
efficacy is scarce and has not been presented or
published yet.

Ultra-LABAs in preclinical development

The optimisation of two series of 4-hydroxybenzo-
thiazolone derived B,-agonists, bearing a-substituted cy-
clopentyl and B-phenethyl amino-substituentshas led to
identification of the a-substituted cyclopentyl analogue 2
as the optimal compound [63]. It combines a rapid onset
of action, with a comparable intrinsic duration of action
to indacaterol, and has a favourable tolerability profile
with respect to the systemic ,-adrenoceptor mediated
side effects that are associated with the targeted levels
of bronchodilation.

Sulfone 10b was identifiedfrom series of novel,
potent, and selective human B_-agonists incorporating
a sulfone moiety on the terminal right-hand-side
phenyl ring of (R)-salmeterol [64]. Although it showed
a salmeterol-like potency and selectivity profile, it had
longer duration of action than salmeterol in guinea pig
in vivo, suitable for once daily dosing. Furthermore, it
displayed lower than salmeterol oral absorption in rat,
lower bioavailability in rat and dog, and a high turnover
in human hepatocytes with metabolites that would be
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expected to have reduced or no B, activity. Being free
of any genetic toxicity issues, it was considered as a
backup to vilanterol.

TD-5471, a potent and selective full agonist of the
human B,- adrenoceptor, was identified as the most
promising agent of a series of potent B,-agonists
incorporating a biarylamine secondary binding group
[65].

Amines are known to have a high affinity for lung
tissue (possibly through lysosomal partitioning) and
their addition to the neutral secondary binding group
of an existing B,-agonist series was found to provide
improved in vivo efficacy, but also led to the formation
of biologically active aldehyde metabolites [66]. The
introduction of basic secondary binding groups to the
salmeterol scaffold and blocking the site of metabolism
to prevent aldehyde formation generated TD-43086,
a [,-agonist with superior duration of action relative
to salmeterol. In the guinea pig model of in vivo
bronchoprotection, bronchoprotection at 72 h was dose-
dependent and was significantly greater than salmeterol
at nebulizer concentrations of 230 pug/m.

Expert Commentary

The huge interest in developing new ultra-LABAs in
the last decade has apparently declined progressively in
recenttimes. Although, as already mentioned,indacaterol
is cost-effective compared to tiotropium and salmeterol
[33] and notwithstanding what we have previously
illustrated on the potential positioning of ultra-LABAs
in the treatment of COPD, no guideline indicates ultra-
LABAs as first choice drugs compared to LAMAs.
In effect, there is not published evidence that ultra-
LABAs are definitely more effective than LAMAs as
monotherapy. In particular, in the INVIGORATE study
tiotropium produced a small (absolute difference 11 ml)
and likely not of clinical significance, but statistically
greater, improvement in trough FEV, than indacaterol.
Even though indacaterol reduced the rescue medication
use, numerically fewer exacerbations occurred among
the participants taking tiotropium [67].

On the other hand, in general even the prescribing
behaviour of specialists does not seem to favour the use
of LABAs as monotherapy in the treatment of COPD.
The Adelphi Respiratory Disease Specific Programme,
a cross-sectional survey of consulting patients in five
European countries and in the US, showed a conflict
between the current real-world practice and the
GOLD 2011 updated treatment recommendations,
documenting that even large proportions of patients
in the low risk groups were currently receiving ICS/
LABA, either alone or in combination with a LAMA
[68]. Furthermore, LABAs as monotherapy were only
prescribed in a small percentage of patients in GOLD
group A and B.

The documentation that in real life, the switch from
LAMA to LABA and also the step downs of ICS/LABA
to LABA or LAMA are infrequent [69] is interesting
to understand the progressive decline in interest in
developing new ultra-LABAs as monotherapy.

In any case, it is possible that the safety warning
released by the U.S. Food and Drug Administration
(FDA) in 2010 for the use of inhaled LABAs [70] has
reduced the interest in this class of bronchodilators
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and, actually, vilanterol has not been introduced into
the market as a single agent.On the other hand, an
emphasized contraindication to LABA monotherapy
without another controller medicationat least in asthma
[70] and the documented best pharmacological effect
that is achieved by combining a LABA with a LAMA[11]
with a larger bronchodilation and a better improvement
in patient-reported outcomes and a better improvement
in some patient-reported outcomes in patients with
COPD [12] are strong arguments against the use the
ultra-LABAs as monotherapy. This contrasts with the
evidence that at least in US new LABA starts have
been significantly reduced over time among those with
a diagnosis of asthma, but they are largely unchanged
in those without such a diagnosis [71].

Nevertheless, ultra-LABAs remain extremely useful
drugs because they guarantee a greater adherence to
the treatment as a result of the simplification of treatment
with the reduction of the daily dose to be taken [72].
Nonadherence to prescribed medications is one of the
major obstacles to successful management of COPD
[73], but, inexcusably, adherence to COPD prescribed
therapy is generally very poor [74]. Furthermore, ultra-
LABAs also allow the combination with other classes of
drugs, such as LAMAs and ICSs, that are fundamental
for treating COPD and now are administered on a
once daily basis [4]. In fact, as already mentioned,
the treatment of COPD is generally based on the
assumption of drug combinations (LABA/LAMA and
ICS/LABA) in which B,-agonists are commonly included.

Five-year view

It is likely that over the next 5 years there will be
less and less interest in the use of ultra-LABAs as
monotherapy in COPD. The apparent lack of commercial
success of indacaterol, the fact that olodaterol has only
a single dose irrespective of COPD severity and the
evidence that vilanterol will not be used as monotherapy
provide a strong presumption that physicians will move
always more their attention to LAMAs if they will prefer to
prescribe a long-acting bronchodilator as monotherapy.
Alternatively, we can suppose the possibility of starting
the treatment of COPD patients administering low doses
of LABA/LAMA combinations in order to optimize the
bronchodilation [75]. This alternative approach would
provide a patient-tailored therapy, with the further
relevant advantage of reducing the risk of potential
adverse events that characterize both LABAs and
LAMAs, especially when inhaled at the full doses
currently approved for the treatment of COPD [11].

This will mean that we should have available
different doses of LABA/LAMA FDCs, a nonirrational
eventuality considering that, as already mentioned,
the twice-daily indacaterol/glycopyrrolate 27.5/15.6 ug
seems to be as effective the once daily indacaterol/
glycopyrronium110/50 ug FDC [12].
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Pecbepar. Ljesib uccnedoeaHusi — npoBECTN aHanNU3 nyornvkauuin u NogrotoBUTb 0630p paboT, NOCBSILLEHHbIX CO-
BpPEMEHHOMY MOHUMAaHWI0 MAMONATUYECKOro NnerovyHoro ¢pubposa u ero nedenuio. Mamepuan u Memodsl. V3yyeHsbl
nybnuvkaumnm oTe4ECTBEHHBIX U 3apyOeXHbIX aBTOPOB. Pe3ynbmambi u ux o6cyxoeHue. ViamonaTnyecknin NeroyYHbIn
unbpos siBnsieTcs 0cobon hopmMort XPOHUYECKOW NporpeccupyoLlen hndposnpytoLlen MHTepCTULMansHON NHEBMOHUN
HEN3BECTHOW 3TMONOrMK, KOTOPasi BO3HWKaET MPENMYLLECTBEHHO Y NIOAEN CTapLUEro BO3pacTa, NopaxaeT TONbKO Nerkue
1 CBA3aHa C rMCTONOrMYeCKUM U/Unn PEHTrEHONOMMYeCKUM NaTTepHOM 06bIYHOM MHTEpPCTULMANbHON MHEBMOHUN. [1po-
rHO3 TEYEHUsI MOANONATUYECKOro NEero4YHoro mnbposa xyxe, Yem y psifa OHKomormyecknx sabonesaHun. [uarHoctuka
nMaMonaTUYecKoro fiero4Horo mbposa ocHoBaHa Ha pesynsrate MynsTUAMCUMNIIMHAPHOTO 3aKoYeHUs NynbMOHosora,
peHTreHornora n mopdornora. BeayLnm AMarHoCTUYECKUM KPUTEPUEM SIBINISIETCA COBOKYMHOCTb AAHHbIX PEHTIEHOBCKOM
KOMMNbIOTEPHOW TOMOrpadum BbICOKOrO paspeLleHns: npeobnagaHne n3meHeHun B 6a3anbHbIX, KOPTUKanbHbIX OTAe-
nax nerkmx; onddysHble PETUKYNAPHbIE U3MEHEHNS; COTOBOE NErkoe C TPaKLMOHHbIMKU BpoHXx0aKTazamun 1 6e3 Hux;
oTCyTCTBUE NMoBbIX MPU3HAKOB, MPOTUBOPEYALLMX AaHHOW naTonormn. PyHKUMoHanbHas oLeHKa COCTOAHNS BOMbHbIX
OCHOBaHa Ha U3MepPEeHNI XXN3HEHHOW EMKOCTU NErkux 1 And@y3moHHOM CnocobHOCTM. Xupypruyeckue Metoabl nomny-
YeHns 06pa3sLioB TKaHeW PEKOMEHAYHOTCS TONbKO NPY HECOOTBETCTBUM NyYeBbIX MPU3HAKOB MAMONATUYECKOro NEero4Horo
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