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Novel strategies for the 
treatment of asthma
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Abstract

Novel treatment strategies are currently emerging 
for patients with inadequately controlled asthma 
despite good adherence and trigger avoidance. 
�ese strategies serve primarily to reduce or com-
pletely avoid long-term oral corticosteroid therapy. 
A number of these options have already been imple-
mented in practice or will soon be authorized for 
the treatment of asthma, while others still need to 
prove their clinical practicability, safety and  efficacy. 

�e present article provides an overview of the 
broad spectrum of novel inhaled, oral, systemic, 
and invasive treatment strategies for asthma.
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Abbreviations

ATS  American Thoracic Society

BMI  Body Mass Index

ERS  European Respiratory Society

FeNO  Fraction of exhaled nitric oxide 

FEV1   Forced expiratory volume in the first  
second

GINA  Global Initiative for Asthma

ICS  Inhaled corticosteroid

IgE  Immunoglobulin E

IL  Interleukin

LABA  Long-acting beta-agonist

LAMA  Long-acting muscarinic antagonist 

MART Maintenance and reliever therapy

OCS  Oral corticosteroid

OCT  Optical coherence tomography

SABA  Short-acting beta-agonist

SIT  Specific immunotherapy

Th  T helper cells

TSLP  Thymic stromal lymphopoietin

 
Asthma guidelines

Current recommendations on asthma treatment 
are summarized in the international recommen-
dations of the Global Initiative for Asthma (GINA), 
which were updated in 2015 (www.ginasthma.
com). Revisions of the German asthma guidelines 
[1] from 2006 and the German national disease 
management guidelines (www.versorgungsleit linien.
de) will soon be published. It is controversial, how-
ever, whether the expensive and time-consuming 
development of national guidelines is still a sensi-
ble approach, given that these guidelines quickly 
become outdated due to the rapid progress of med-
ical knowlegde. In addition, they might not be the 
preferred source of information for internet-ori-
ented physicians.

Asthma treatment: state of the art

A distinction is made in asthma treatment between 
„controllers“ (long-term treatment to control dis-
ease) and „relievers“ (as-needed treatment to con-
trol acute symptoms). �e current GINA stepwise 
approach recommends treatment escalation until 
an optimal asthma control is reached. GINA step 1 
recommends as-needed treatment only with a 
short-acting beta-agonist (SABA); alternatively, a 
low-dose inhaled corticosteroid (ICS) as a control-
ler can already be considered at this stage (Fig. 1). 
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Starting in GINA step 2 (e. g., frequent use of 
as-needed inhalations), ICS are first choice control-
lers, whereas montelukast or theophylline are (less 
effective) alternative controllers. At the next level of 
escalation, GINA 3, a combination of ICS with a 
 second controller is recommended, preferably a 
long-acting beta antagonist (LABA; typically as an 
ICS/LABA fixed combination); montelukast or 
 theophylline are alternative second controllers. 
 According new GINA guidelines, ICS/LABA com-
binations – provided they contain formoterol – can 
also be used from GINA step 3 upwards as relievers 
(instead of SABA treatment) (MART concept: main-
tenance and reliever therapy). �e principal feature 
of GINA step 4 is that it increases ICS/LABA com-
bination therapy to the highest authorized dose. 
Furthermore, the long-acting inhaled anticholiner-
gic (LAMA), tiotropium, which was approved in 
Germany for this indication in 2014 (only via the 
Respimat® inhaler), can be used as an add-on [2, 3]. 
Since no asthma studies have been conducted to 
date for LAMA such as glycopyrronium,  aclidinium, 
or umeclidinium, they have not yet been approved 
for asthma. Recent studies show that LAMA could 
represent an equal alternative to LABA as an ICS 
combination partner [4]. �us, it is likely that there 

will be ICS/LAMA options in the future authorized 
for the use already in GINA treatment steps 2 and 
3.

GINA step 5, in which several add-on treatment 
options come into play, is reached when high-dose 
ICS/LABA combination therapy, tiotropium thera-
py, and possibly concomitant oral therapy with 
montelukast and theophyllin fail to achieve ade-
quate asthma control [5] (Fig. 1). However, before 
taking these additional options into consideration, 
it is important to ensure that patients and physi-
cians get the following basics right [6]:

— Is the patient receiving basic inhaled therapy that 
is tailored to the severity of disease?

— Is the patient handling the inhaler correctly and 
do they use the treatment regularly?

— Does the patient avoid triggers (e. g., cigarette 
smoking or allergen exposure) and contraindica-
ted drugs (e. g., beta-blockers)? 

— Is the patient receiving treatment for typical co-
morbidities (e. g. allergic rhinitis, gastroesopha-
geal reflux, or obesity)?

— Has the patient undergone training and/or reha-
bilitation?

Oral corticosteroid therapy (e. g., prednisolone) is 
o¦en initiated when high-dose ICS/LABA therapy 
(and possibly additional controllers) fail to achieve 
asthma control. Inadequate asthma control, or the 
risk of losing asthma control under high-dose ICS/
LABA therapy and/or long-term prednisolone treat-
ment, is classified as „severe asthma“ according to 
the current consensus definition of the American 
�oracic Society (ATS) and European Respiratory 
Society (ERS) [5, 7]. �e aim of all add-on options 
is to avoid (or at least reduce) long-term oral corti-
costeroid therapy without losing asthma control. 
�erefore, the current guideline postulates that add-
on options (in particular biologics such as anti-im-
munoglobulin E [IgE]) should be considered prior 
to prescribing a long-term therapy with oral corti-
costeroids.

Specific immunotherapy (SIT) is currently a rath-
er theoretical option in severe asthma, since aller-
gens directly associated with symptoms are rarely 
detected in this patient group and lung function is 
o¦en below the forced expiratory volume in 1 sec-
ond (FEV1) limit of 70 % recommended for safety 
reasons. In addition, randomized studies on the 
 efficacy of SIT in severe asthma are lacking. �us, 
SIT usually represents an individual treatment op-
tion in GINA steps 1–3, in case of a clear relation-
ship between clinical symptoms and allergen expo-
sure (Fig. 1) [8, 9, 10]. Recent studies show that sub-
lingual immuntherapy (SLIT) in patients with 
house dust mite allergy (and allergic rhinitis as a 
co-morbidity) can reduce the ICS dose and increase 
quality of life [11, 12].Fig. 1: Current asthma treatment according to GINA 2015
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GINA, Global Initiative for Asthma; ICS, inhaled corticosteroid; ICS/Form, combination preparations 
comprising an ICS and formoterol; LABA, long-acting beta-agonist; OCS, oral corticosteroid; SABA, 
short-acting beta-agonist.

*Currently available biologics are anti-IgE (omalizumab) and anti-IL-5 (mepolizumab; the approval of 
the antibodies reslizumab und benralizumab is expected in the near future).
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Novel treatment approaches

Most novel asthma treatment strategies have been 
developed as add-on options for patients who fail to 
achieve asthma control despite high-dose ICS/
LABA treatment. Some treatment approaches, how-
ever, are aimed at improving, or completely avoid-
ing the need for standard asthma therapies (such as 
treatment with ICS or ICS/LABA combinations).

Inhaled treatment options

Switching conventional ICS therapy to inhalers 
with extra-fine formulations (average particle size: 
1–3 μm) can improve asthma control through bet-
ter ICS deposition in the smaller airways: �is op-
tion has already been established in clinical practice 
[13]. Another approach to optimize airway ICS 
deposition is the use of a computer-controlled inha-
lation system (AKITA®), which calculates the inha-
lation maneuver required for optimal particle depo-
sition in a drug- and patient-specific manner. A ran-
domized controlled trial in asthma patients treated 
with prednisolone recently showed that high-dose 
budesonide (1 mg twice daily) administered with 
the AKITA® inhalation system significantly reduced 
the need for prednisolone treatment while improv-
ing lung function and quality of life [14]. Novel in-
haled anti-inflammatory strategies are under inves-
tigation, both as add-on options and as alternatives 
to ICS therapy. �e inhalation of DNAzyme (also 
via AKITA®) to inhibit GATA-3, an essential tran-
scription factor for Type 2 immune responses, cur-
rently represents the most innovative approach [15]. 
It poses considerable challenges not only for the 
company developing the treatment, but also for the 
regulatory authorities, since both the target  (GATA-3) 
and the mode of therapy (inhalation of DNAzyme) 
are completely new. Because of positive proof-of-
concept data [13] phase-IIb and phase-III studies 
are expected in the near future.

Oral treatment options

Immunomodulation with macrolides is currently 
not recommended in severe asthma due to its po-
tential side effects (ototoxicity, QT interval prolon-
gation, development of macrolide resistance) and 
the paucity of clinical data [7]. However, the recent 
AZISAST trial showed that the macrolide azithro-
mycin (3 x 250 mg/week; initial dose, 250 mg/day 
for 5 days) reduces the risk of exacerbation in 
non-eosinophilic severe asthma [16]. �e opposite 
effect was observed in patients with eosinophilic 
asthma (increased exacerbation risk under therapy) 
[16]. �us, azithromycin treatment should only be 
considered in the case of frequent exacerbations and 
a low blood eosinophil count (< 200/µl without sys-
temic corticosteroids). �e phosphodiesterase 4 in-
hibitor roflumilast showed clinical efficacy in a 

small study in patients with mild to moderate asth-
ma [17]. However, there are no studies available for 
severe asthma. �e efficacy of this treatment in se-
vere asthma is, therefore, still open. Prostaglandin 
D2 receptor (CRTH2) antagonists (such as setipip-
rant [18] or fevipiprant [19]) are currently being in-
vestigated as novel oral anti-inflammatory treat-
ment strategies in asthma patients.

Biologics

Add-on treatment with omalizumab administered 
subcutaneously has been authorized in Germany 
since 2005 in patients with severe allergic asthma 
(and a total IgE of 30–1500 kU/l serum; lower cut-
offs apply above a body weight of 50 kg). �e effica-
cy of this treatment was demonstrated not only in 
randomized controlled trials, but also in real-life 
studies [20, 21]. Recent studies suggest, however, 
that omalizumab is also effective in intrinsic asth-
ma (patients in whom an allergic sensitization can-
not be found) [22]. �ere are two possible explana-
tions for this. On the one hand, intrinsic asthma pa-
tients could be allergic to unknown allergens. On 
the other hand, the reduction of exacerbations fol-
lowing anti-IgE treatment could be due to improved 
antiviral immune responses (mediated by a reduced 
expression of high-affinity IgE receptors on plasma-
cytoid dendritic cells), thus making the effect inde-
pendent of a specific allergy [22]. It appears that the 
anti-IgE effect in asthma is not only based on a re-
duction in IgE-mediated mast cell degranulation, 
but also a broad and sustained immunomodulation 
[23] (Fig. 2). Clinical studies with ligelizumab, a 
monoclonal antibody with significantly higher IgE 
affinity compared with omalizumab [24], in patients 
with asthma have recently been stopped, for yet un-
known reasons. 

Initial studies with antibodies inhibiting interleu-
kin-5 (IL-5), a cytokine essential for the maturation, 
survival, and recruitment of eosinophilic granulo-
cytes, were negative since no attention was paid to 
asthma severity and eosinophil counts [25]. How-
ever, a¦er focussing on patients with severe asthma 
and elevated eosinophil counts in sputum, it be-
came clear that this approach is a valuable add-on 
in patients with severe eosinophilic asthma [26, 27]. 
�e DREAM study (2012) was the first to open up 
the way to identifying patients that benefit from this 
treatment using differential blood counts (rather 
than less practicable and poorly available sputum 
diagnostics) [28]. �e MENSA study (2014) was the 
first to demonstrate that the anti-IL-5 antibody me-
polizumab can also be administered  subcutaneously 
and that this therapy not only reduced the exacer-
bation rate, but also improved lung function [29]. 
Finally, the SIRIUS study (2014) showed that, in pa-
tients with prednisolone tretament, mepolizumab 



resulted in significant reduction in the prednisolone 
dose while at the same time improving asthma con-
trol [30]. �us, the concept of an anti-IL-5 therapy 
has become real and practicable over the last 15 
years (Fig. 2). Parallel to mepolizumab, two other 
antibodies, the anti-IL-5 antibody reslizumab [31] 
and the anti-IL-5 receptor antibody benralizumab 
[32], are currently under investigation in clinical 
 trials. At present, these antibodies differ primarily 
in terms of the blood eosinophil cut-off values cho-
sen in the studies for patient selection: > 150–300/µl 
for mepolizumab, > 300/µl for benralizumab, and 
> 400/µl for reslizumab. �e optimal blood eosino-
phil cut-off value is currently unclear. �e german 
summary of product characteristics for mepolizum-
ab avoids mentioning one defined cut-off: instead, 
3 studies (DREAM, MENSA, SIRIUS) are reported, 
which used different inclusion criteria and blood 
 eosinophil cut-offs. Furthermore, it is currently also 
unclear whether inhibition of the IL-5 receptor 
(benralizumab) is clinically more effective than is 
inhibition of IL-5 (mepolizumab and reslizumab). 
However, there is no doubt that this new  therapeutic 
concept will change clinical practice [33]. Mepoli-
zumab has already been approved for the treatment 
of severe eosinophilic asthma in germany, the ap-
proval of reslizumab and benralizumab is expected 
in the near future.

Inhibition of the �2 cytokines IL-4 and IL-13 
has long be the subject of asthma research. Inhib-

iting IL-4 alone has not yielded convincing clini-
cal effects as yet [34]. �e IL-13 antagonists, leb-
rikizumab and tralokinumab, improved lung 
function in patients with severe asthma, particu-
larly in the subgroup of patients with elevated 
perio stin levels [35, 36] (periostin is produced in 
the respiratory epithelium in an IL-13-dependent 
manner [37]). However, clinical studies with an-
ti-IL-13 antibodies conducted to date have failed 
to show a significant improvement in quality of life 
or reduction in exacerbation rates [35, 36]. �us, 
the future significance of IL-13 antibody therapy 
remains unclear. Great hopes are pinned on dupi-
lumab, an antibody that inhibits the effect of both 
IL-4 and IL-13 [38]. A proof-of-concept study 
showed that subcutaneous administration of this 
antibody can partially substitute ICS/LABA ther-
apy in patients with severe eosinophilic asthma 
[38]. A recent study on the efficacy of dupilumab 
as an ICS/LABA add-on therapy in patients with 
severe asthma (inclusion criteria: FEV1 40 %–80 % 
predicted; at least one exacerbation in the previous 
12 months; no systemic therapy with corticoste-
roids) showed that dupilumab improves lung func-
tion and reduces exacerbation rates. Although this 
effect was most pronounced in patients with high 
blood eosinophil levels (> 300 eosinophils /µl 
blood), it was nevertheless also significant in pa-
tients with low blood eosinophil counts (< 300 eo-
sinophils /µl blood) [39]. Of note, dupilumab also 
reduced exhaled nitric oxide (FeNO) levels [39], an 
effect not observed under anti-IL-5 therapy [26].

Anti-TSLP antibody treatment is a completely 
new concept for the tretment of asthma. �ymic 
stromal lymphopoietin (TSLP) is an epithelial me-
diator that plays an important role in the initiation 
of inflammatory processes of the airways (e. g., by 
modulating dendritic cell function). Intravenous 
therapy with the anti-TSLP antibody AMG 157 re-
duced early and late allergic responses following all-
ergen challenge in patients with allergic asthma [40]. 
�erefore, further clinical studies in patients with 
asthma, as well as patients with other allergic dis-
eases, are planned [41].

Invasive treatment options

Asthma is o¦en accompanied by neuromuscular hy-
perresponsiveness in the airways [42]. Since this is 
considered the result of the chronic inflammatory 
process, treating the underlying inflammation rep-
resents the primary target in asthma therapy (see 
treatment strategies discussed above). However, 
there is also the concept to directly treat the  affected 
neuromuscular apparatus of the airways. �e aim 
of bronchial thermoplasty is to irreversibly weaken 
the neuromuscular apparatus of the airways by 
means of endobronchial radiofrequency ablation 

Fig. 2: Biologics for the treatment of asthma. There is a broad spectrum of 
 targets, ranging from influencing epithelial mediators to modulating the 
 inflammatory pathway. A number of biological drugs, such as the anti- 
immunoglobulin E (IgE) antibody omalizumab, have several sites of action.
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IgE, Immunglobulin E; IL, Interleukin; Th, T helper cells; TSLP, Thymic stromal lymphopoietin
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using a special catheter. �e placebo-controlled 
AIR2 trial showed that bronchial thermoplasty 
achieves a sustained reduction in exacerbations and 
hospitalizations in patients with severe asthma [43, 
44]. Two histological studies postulated that this 
clinical effect is based on a direct destruction of 
smooth muscles [45, 46]. However, smooth muscle 
was also reduced in untreated pulmonary lobes [45] 
and did not correlate with the intensity of  bronchial 
thermoplasty treatment [46]. �erefore, the mech-
anisms underlying the clinical effects of bronchial 
thermoplasty still remain enigmatic. It is conceiv-
able that bronchial thermoplasty affects the inner-
vating nerves of the airways [47], however, this hy-
pothesis has not yet been explored. To what extent 
optical coherence tomography (OCT), a minimally 
invasive procedure to visualize the airway wall, will 
shed light on the local effects of thermoplasty re-
mains to be seen [48]. �ere is currently no consen-
sus in Germany on patient selection for  thermoplasty. 
In the opinion of the authors, this treatment should 
be reserved for those patients in whom all the afore-
mentioned drug and conservative treatment strate-
gies have been carefully explored. Due to the un-
clear mode of action and unknown long-term 
 effects of bronchial thermoplasty, international 
guidelines recommend that this treatment be car-
ried out only in the context of clinical studies or in-
dependent systematic registries [7].

Obesity is a common cause of treatment-refrac-
tory asthma [49]. Weight reduction by dieting im-
proves asthma control and lung function [50]. How-
ever, conservative weight reduction measures o¦en 
fail. �erefore, bariatric surgery to improve asthma 
control is currently under discussion. A recent study 
showed that bariatric surgery in patients with a 
body mass index (BMI) of > 35 kg/m2 significantly 
improved lung function, asthma control, and bron-
chial hyperresponsiveness [51]. Further studies are 
needed to assess the real-world value of this surgi-
cal intervention in obese asthma patients.

Summary

�e standards and concepts in asthma treatment are 
changing rapidly. New inhaled, oral, systemic and in-
vasive treatment options, which are currently ex-
plored in clinical studies or have already been ap-
proved by the authorities, will change clinical prac-
tice. 
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