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Introduction
In recent years, many areas of medicine have seen 
an ever increasing use of personalized therapy op-
tions for speci� c disease phenotypes. An example 
in pneumology particularly worthy of note is the 
targeted therapy used in patients with non-small 
cell lung cancer and con� rmed mutations in certain 
growth factor receptors. Speci� c therapies have also 
been developed for cystic � brosis patients with par-
ticular mutations. � e most important advance in 
this context, however, lies in the strategy whereby 
these new therapies are used only in those patients 
identi� ed prior to treatment (by determining and 
analyzing certain parameters, e. g., mutations in 
growth receptors) as having a high likelihood of 
bene� tting from a targeted therapy, rather than 
 using treatments in an untargeted manner in all pa-
tients with a particular disorder. A similar develop-
ment can also be observed in the treatment of asth-
ma patients. Our pathophysiological understanding 
of this disease has altered signi� cantly in recent 
years. It is now well established that the large group 
of people with an asthma diagnosis is in fact a high-
ly heterogenous group exhibiting varying degrees 
of disease severity. Further developments have been 
made in recent years in the classi� cation of patients 
into di� erent phenotypes and endotypes [1]. Divi-
sion into phenotypes is based on the use of various 
clinical or immunological characteristics which 
subdivide patients into di� erent subgroups. A sim-
ple yet relevant example of this is the subdivision 
into allergic and non-allergic asthma. Further clas-
si� cation is possible on the basis of the in� amma-
tory reaction detectable in the airways. In this con-
text, patients exhibiting an eosinophilic in� amma-

tory response in the airways (eosinophilic asthma) 
represent an important group of patients compared 
with patients in whom no signs of eosinophilic in-
� ammation can be detected [2]. Another recent de-
velopment has been the description of endotypes [3]. 
� e concept of endotypes involves an understand-
ing of the pathophysiological causes of a disease and 
applying this understanding in the use of speci� c 
therapies. � is concept is far from fully elaborated 
and, to date, only a small number of endotypes have 
been described in detail. Patients with a T-helper 
cell 2 (� 2)-induced in� ammatory response repre-
sent one of these endotypes.
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Abstract
In the last years there is an increasing trend towards 
personalized medicine for patients with asthma. 
� is is due to the availability of novel speci� c thera-
pies. � ese new compounds are supposed to be used 
in well-de� ned patient groups, which are likely to 
respond to these interventions. In addition to 
 already used anti-IgE, novel monoclonal antibodies 
such as anti-IL-5 and anti-IL-13 are becoming avail-

able. Currently clinical trials are ongoing to  identify 
which patient population will respond to these 
 novel therapies.
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Di� erent in� ammatory phenotypes
It has long been know that an in� ammatory re-
sponse can be detected in the airways of bronchial 
asthma patients. An increased eosinophil, mast cell, 
as well as B and � 2 cell count was initially consid-
ered characteristic of the in� ammatory response 
seen in these patients [4]. � 2 cells are CD4-positive 
T cells that produce certain marker cytokines, in-
cluding interleukin (IL)-4, IL-5, and IL-13 [5]. How-
ever, it has since become evident that other in� am-
matory patterns can also be detected in asthma pa-
tients (Fig. 1). With the establishment of sputum 
 diagnosis as a non-invasive procedure, it became 
possible to collect data on the in� ammatory re-
sponse in asthma patients in clinical studies. How-
ever, measuring eosinophils in sputum is time-con-
suming and not feasible in daily clinical routine. 
� erefore, the blood eosinophil count – an approach 
that already had its supporters 40 years ago – 
 represents a further parameter for describing 
eosino philic in� ammation [6]. A normal blood eo-
sinophil count in healthy adults is between 15 and 
650 cells/μl, with considerable circadian variation 
(low values in the morning, high at night) [7]. Re-
cent studies classi� ed eosinophil counts in asthma 
patients into three categories: < 300 cells/µl, normal; 
300–500 cells/µl, moderately elevated; and > 500 
cells/µl, high [8].

Other in� ammatory cells, e. g., neutrophils, are 
detected in the airways of some patients [9]. Other 
in� ammatory phenotypes include patients with 
mixed eosinophilic/neutrophilic in� ammation or 
patients with no signi� cant in� ammatory response. 
Recent large-scale studies have shown that an eo-
sinophilic in� ammatory response is detectable in 
approximately 50 % of patients. Interestingly, how-
ever, the in� ammatory phenotype was not stable in 
all patients, but subject instead to alteration over 
time.

Drug treatment of asthma patients is based on the 
administration of inhaled steroids, possibly in com-
bination with inhaled bronchodilators [10], and this 
concept has changed little in recent years. However, 
it is not e� ective in controlling symptoms in all pa-
tients and a further therapy escalation is recom-
mended in those not responding su�  ciently in or-
der to achieve better disease control. � is applies in 
particular to patients with severe asthma already 
using high-dose inhaled steroids and bronchodila-
tors. Disease in this patient group is o� en inade-
quately controlled [11]; however, further treatment 
options remain limited here. Alongside the use of 
systemic steroids – with their known side e� ects –  
treatment with anti-immunoglobulin E (IgE) is ap-
proved only for patients with severe allergic bron-
chial asthma. According to the new recommenda-
tions of the American � oracic Society (ATS) and 

European Respiratory Society (ERS) on the diagno-
sis and treatment of severe allergic bronchial asth-
ma, anti-IgE therapy is an intervention speci� cally 
recommended for patients with severe allergic asth-
ma [12].

The IgE-mediated asthma phenotype
In IgE-mediated asthma, allergen exposure causes 
increased in� ammation and a deterioration in lung 
function. Varying degrees of disease severity are 
similarly observed in this patient group. A new and 
speci� c treatment approach has also been approved 
for patients with severe allergic asthma since 2005. 
� e IgE-speci� c monoclonal antibody omalizumab 
can be used in these patients as an add-on treatment. 
Following subcutaneous injection, omalizumab 
binds to free-circulating IgE and prevents it from 
binding to IgE receptors on mast cells and basophils. 
Clinical studies show a reduction in the exacerba-
tion rate of up to 50 %, signi� cantly fewer cases of 
emergency treatment, and o� en also an improve-
ment in lung function [13]. Under omalizumab 
therapy, oral steroids can frequently be  discontinued 
and the dose of inhaled steroids reduced [14]. Omal-
izumab treatment in severe allergic asthma is ini-
tially administered over a 4-month period, followed 
by an evaluation of therapy response according to 
clinical criteria (lung function, degree of asthma 
control, exacerbation, etc.). Treating the clinical 
phenotype of severe allergic asthma with omali-
zumab is a good example of the therapeutic and 
prognostic relevance of asthma phenotyping [1, 15].

Two recent studies re-investigated the e�  cacy of 
omalizumab in children and adults. In one study, 
419 urban children and young adults with persistent 
asthma were treated with either omalizumab or pla-
cebo, alongside standard therapy, for 60 weeks [16]. 
One important � nding of this study was an almost 
25 % reduction in the number of days on which asth-
ma symptoms were experienced over a 2-week pe-

Fig. 1. The concept of di� erent asthma phenotypes and possible speci� c 
treatments. 
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riod. Furthermore, a reduction in the number of 
subjects with exacerbations was observed. Omali-
zumab therapy also resulted in a reduction in ICS 
and long-acting β agonist (LABA) dose. � e e� ect 
of Omalizumab on the number of exacerbations was 
present to the same degree in both spring and 
 autumn, although no reduction in the number of 
viral infections was observed. Even in patients with 
uncontrolled asthma despite high-dose inhaled 
therapy (ICS and LABA), omalizumab therapy was 
able to achieve a relative reduction in exacerbations 
of 25 %. Furthermore, omalizumab treatment re-
sulted in improved symptom scores, a reduction in 
pro re nata medication, and a decrease in symptoms 
compared with placebo [17]. � e current ERS and 
ATS guidelines on the treatment of severe asthma 
also recommend a 4-month trial treatment for pa-
tients with severe allergic asthma and treatment 
continuation if e� ective [12]. Treatment duration 
has hitherto been a subject of discussion. � ere have 
been no reliable data to date on how long treatment 
should be continued. Whilst model calculations 
suggest that a signi� cant reduction in IgE produc-
tion can possibly be expected a� er � ve years, the 
clinical e� ect of this IgE reduction has not yet been 
investigated, and no recommendation on stopping 
or interrupting treatment can be made [18].

A further interesting development is that anti-IgE 
treatment is apparently also e� ective in severe asth-
ma patients in whom no sensitization to aeroaller-
gens can be detected using conventional methods. 
A small initial study showed an improvement in 
lung function and a trend towards a reduction in 
acute exacerbations [19]. � e e�  cacy of anti-IgE ap-
pears not to be based on the reduction in free IgE 
and regulation of high-a�  nity IgE receptors alone. 
Direct e� ects on certain populations of dendritic 
cells, which play a particularly important role in the 
defense against viral infections, have also been de-
scribed. � is could explain the e�  cacy of anti-IgE 
in patients with “non-allergic” asthma [20].

Patients with asthma and eosinophilic 
in� ammation
Patients with severe asthma and eosinophilic in-
� ammation represent another interesting group. 
� ese patients may experience recurrent exacerba-
tions associated with in� ammation of the airways. 
� e cytokine IL-5 is an important mediator of eo-
sinophils; it is essential not only for the migration 
of eosinophils to the lung, but also for the lifespan 
of these cells. Experience gained in patients with hy-
pereosinophilic syndrome (HES) has shown that 
administering monoclonal antibodies against IL-5 
can dramatically reduce eosinophil count, permit-
ting in turn a reduction in systemic steroid therapy 
[21]. In addition, ever more data to support the e�  -

cacy of anti-IL-5 treatment in patients with asthma 
and eosinophilic in� ammation are becoming avail-
able [22, 23]. A large phase-II study investigated the 
response to monoclonal anti-IL-5 antibodies in 
asthma patients with signs of eosinophilic in� am-
mation (percentage of eosinophils in sputum ≥ 3 % 
or blood eosinophil count ≥ 300/µl) and a history of 
recurrent asthma exacerbations [24]. � e main ef-
fect of this therapy was a reduction in exacerbations, 
an e� ect observed even at the lowest dose of mono-
clonal antibodies. Studies with another monoclonal 
antibody against IL-5 showed bene� cial e� ects also 
on lung function parameters in patients with eosino-
philic in� ammation [25]. Despite the positive e� ects 
of anti-IL-5 treatment observed to date in this pa-
tient group, evidence of the e�  cacy of these new 
 approaches in large phase-III studies is still lacking. 
An important parameter in the identi� cation of pa-
tients who may respond to this type of therapy ap-
pears to be the testing and demonstration of eosino-
philic in� ammation. In this context, detection of 
these cells in the lung would theoretically be opti-
mal. However, sputum and bronchoalveolar lavage 
are both time-consuming procedures that are not 
suited to standard use in the routine diagnosis of 
this patient group. For this reason, focus has  recently 
shi� ed more in the direction of evaluating peri-
pheral blood parameters as possible biomarkers. 
One interesting parameter appears to be the eosino-
phil count in peripheral blood as a method of de-
tecting an eosinophilic in� ammatory response. It 
is important here to measure the absolute (not the 
relative) number of blood eosinophils. Patients in 
whom an eosinophil count exceeding 300/µl was de-
tected were included in clinical studies [24]. How-
ever, further investigations are required to de� ne 
appropriate threshold values in order to identify po-
tential responder populations more accurately. It 
should also be noted that antibodies binding to the 
IL-5 receptor are also undergoing clinical trials. 
� ese antibodies neutralize the cytokine IL-5 via 
direct blockade of the receptor on the cells [26]. It 
remains to be seen whether this approach di� ers in 
terms of clinical e�  cacy from direct IL-5 inhibition. 
However, it is important to bear in mind that ap-
proximately 50 % of asthma exacerbations are not 
characterized by airway in� ammation. At present, 
there are no promising therapy options for this pa-
tient population [27].

Patients with Th2-induced in� ammation
As discussed above, the � 2-induced in� ammatory 
response plays an important role particularly in 
 allergic asthma. Besides IL-5, notably IL-4 and IL-3 
are considered key cytokines here [5]. Speci� c anti-
bodies that either neutralize these cytokines or 
block the relevant receptor have now been devel-
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oped. Precise phenotyping of asthma patients also 
depends on the development of biomarkers that may 
help in the selection of suitable patients. One study 
of particular interest in this regard was able to iden-
tify asthma patients who would respond  particularly 
well to treatment with a monoclonal antibody to 
 IL-13 by measuring serum periostin [28]. � is study 
shows that the description of relevant phenotypes 
of asthma and the e� ective treatment of these pa-
tients with speci� c drug therapy is becoming in-
creasingly successful. Interestingly, IL-3 inhibition 
has been observed to improve lung function and re-
duce exhaled NO. � is improvement appears to be 
independent of the eosinophilic in� ammatory re-
sponse in the airways, which is little a� ected by 
treatment. � is means that treatment is e� ective de-
spite detectable persisting eosinophilic in� amma-
tion. Animal models have already shown that the 
principal e� ect of IL-13-targeted treatment is re-
duced hyperresponsiveness and mucus production 
in the airways – with little e� ect on the in� amma-
tory response [29]. IL-13-induced cellular activation 
requires binding to the IL-4 receptor α (IL-4Rα) 
chain, which, together with the IL-13 receptor-1 
chain, forms an important IL-13 receptor [30]. In-
terestingly, the IL-4Rα chain is also an essential 
component of the IL-4 receptor. � is means that 
blockade of the IL-4Rα chain inhibits not only IL-4 
action, but also IL-13 action (Fig. 2). A correspond-
ing monoclonal antibody is already in clinical test-
ing. One study on patients with asthma and eosino-
philic in� ammation demonstrated that antibody 
treatment resulted in improved lung function as 
well as reduced exhaled NO and exacerbations (de-
spite a simultaneous reduction in conventional 
treatment) [31]. Further studies are required to 
 establish the clinical relevance of these promising 
e� ects. A very recent study shows that these anti-
bodies can also signi� cantly improve disease activ-
ity in atopic dermatitis patients [32]. In patients with 
the combination of severe asthma and atopic der-
matitis, these new antibodies could make it possible 
to treat both morbidities.

It has become evident in recent years that the air-
way epithelium also plays an important role in the 
initiation of an allergic airway in� ammatory re-
sponse. Important mediators in this context include 
IL-25, IL-33, and thymic stromal lymphopoietin 
(TSLP). TSLP interacts with a variety of immune 
cells and experimental models have shown the cru-
cial role of TSLP in the initiation of a � 2 response. 
A recent study investigated a newly developed 
monoclonal antibody to TSLP in patients with 
 allergic asthma. Antibody treatment resulted in a 
reduction in early and late allergic reactions follow-
ing inhaled allergen challenge in patients with mild 
allergic asthma [33]. Data is as yet insu�  cient to 

 answer the question of whether this approach is ef-
fective in the patient group with severe asthma or 
in particular phenotypes.

� e interaction between OX40 and OX40 ligand 
(OX40L) is another novel approach investigated to 
date only in animal studies. Expression of the 
 costimulatory molecule OX on T cells and OX40L 
on antigen-presenting cells plays an important role 
in maintaining and reactivating T-e� ector memory 
cells. In clinical studies, however, the use of a mono-
clonal antibody to OX40L had no e� ect on early and 
late allergy-induced reactions in patients with mild 
allergic asthma [33].

Non-eosinophilic asthma
One group of patients for whom no advances in 
treatment have been seen is patients with disease 
that shows no evidence of eosinophilic in� amma-
tion. � ese patients may experience strong symp-
toms despite the absence of any signi� cant detect-
able eosinophilic in� ammation [34]. Patients are 
 o� en female and overweight and it is important, 
particularly in this group, that an asthma diagnosis 
be con� rmed by an experienced physician. In clin-
ical studies, treatment with a macrolide antibiotic 
agent (azithromycin) led to a reduction in acute 
 exacerbations [35]. However, these results were ob-
served in a subgroup analysis of a large trial, mean-
ing that no recommendation for the regular use of 
azithromycin in patients with severe asthma can be 
made at present [12]. IL-17A is considered an inter-
esting cytokine in the development of neutrophilic 
in� ammation. Here too, monoclonal antibodies 
that neutralize this cytokine through blockade of 
the relevant receptor are being developed. A study 

Fig. 2. Structure of the interleukin-4 receptor comprising the IL-4 receptor-α 
chain, the γ chain, and the IL-13 receptor. IL-13 can be directly blocked by an 
antibody. An  antibody against IL-4Rα blocks binding of both IL-4 and IL-13 to 
the receptor.
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published recently also showed that the use of this 
antibody to treat asthma patients is safe. However, 
there is no evidence as yet that this antibody has an 
e� ect on lung function or symptoms in asthma pa-
tients [36].

Summary
Recent advances in the treatment of patients with 
severe asthma are moving increasingly towards the 
use of speci� c therapies, in particular monoclonal 
antibodies. In addition to the anti-IgE already avail-
able, anti-IL-5, anti-IL-13, and anti-IL-4Rα have all 
been tested in clinical trials with good results in 
some cases. All these approaches are particularly 
 e� ective in patients with eosinophilic in� ammation 
(both with and without detectable allergy). � us, it 
remains to be seen how these novel therapeutic op-
tions – should they be approved for treatment – will 
be positioned in the treatment guidelines compared 
with those available to date. What is certain is that 
a good clinical characterization combined with ad-
ditional patient markers is required. Besides blood 
eosinophils (absolute cell count), it remains to be 
seen whether new tests like serum periostin have a 
contribution to make. One group of patients for 
whom no new developments are in sight is the group 
with non-eosinophilic in� ammation. It is precisely 
here that further research needs to be undertaken 
to establish novel treatment options.
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