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Abstract
Asthma, and severe asthma, in particular, is increasingly recognized as a heterogeneous
disease. While traditional views of asthma have centered around a childhood onset disease
with an allergic component, several large scale network studies are now confirming that
severe asthma can present in multiple different ways, only 30–50% of which meet tradi-
tional childhood onset allergic criteria. To understand the different groups better, initial
studies have attempted to define phenotypes of severe asthma. A phenotype is defined as
the integration of different characteristics that are the product of the interaction of the
patient’s genes with the environment. Both clinical and statistical approaches have identi-
fied at least 3–5 phenotypes of severe asthma. However, these phenotypes, in isolation, do
not identify the immunopathology that makes these clinical phenotypes distinct or identi-
fies a target population for a specific approach to therapy. As biological characteristics
are identified, phenotypes should continue to evolve towards asthma endotypes. The iden-
tification of these endotypes, either by matching biology, genetics and therapeutic
responses to therapy with clinically or statistically defined phenotypes or through unbi-
ased genetic and genomic approaches, remains limited. Moving forward, this integration
of genetics, biology and clinical characteristics should substantially enhance our ability to
effectively treat complex heterogeneous diseases, such as severe asthma.
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Introduction

The syndrome that encompasses the term ‘severe
asthma’ impacts the lives of millions of people around
the world. While most asthma, as defined by reversible
airflow limitation in the setting of appropriate symp-
toms, is well treated with current medications, approxi-
mately 10–20% of patients remain refractory to current
gold standards for its treatment [1, 2]. This remaining
percentage represents a heterogeneous group of individ-
uals, some of whom appear to have a more severe form
of traditional allergic asthma, whereas many others do
not. This underlying heterogeneity becomes a challenge
for patients, physicians and the researchers who hope
to develop treatments for these severely and chronically
ill patients.

Characteristics of severe asthma (Table 1)

Large scale studies of severe asthma in the last 10 years
have greatly expanded our understanding of the range
of characteristics associated with this syndrome of

severe asthma [3, 4, 5]. As part of these studies, some
consistent characteristics have emerged, including the
presence of frequent and/or severe exacerbations, low
baseline lung function, reliance on high doses of
inhaled and/or oral corticosteroids (CSs) and near daily
symptoms. These core characteristics are not, however,
universally seen, and while there are relationships
between them, the relationships are modest. In addition
to these classic clinical/physiological characteristics,
additional clinical, physiological, radiological and
immuno-inflammatory characteristics are being increas-
ingly recognized, again, as related to some, but not all
cases of asthma, and as discriminatory for more severe
types of asthma. These characteristics include things
like degree of bronchodilator responsiveness and persis-
tent airflow limitation, presence/absence of atopy/
allergy, obesity and inflammatory characteristics such
as eosinophilia and neutrophilia. In addition, two recent
large studies from the West Sweden Asthma Study sug-
gest that rhinosinusitis and its symptoms, occupational
exposures to gas, dust, fumes, smoking history and
family histories of allergy/asthma, as well as female



gender and old age are all characteristics, and in many
cases, risk factors for multi-symptom asthma (as a sur-
rogate for more ‘severe’ asthma [6, 7]. Clinical, cluster
and genetic studies are also suggesting that the charac-
teristic of age at onset, when dividing between child-
hood and adult onset disease is a discriminatory
characteristic [8–10]. Thus, increasingly categorized
patients from large datasets are helping to define both
the overarching characteristics of most ‘severe asthma’
(symptoms/exacerbations/airflow limitation) and the
wide range of characteristics that associate with and
identify certain subgroups of patients.

Severe asthma phenotypes

While it has long been recognized that certain charac-
teristics are seen in some asthmatics and not others,
multiple characteristics are only rarely linked together
to identify a subtype or as they are now termed, pheno-
type, of asthma. In fact, a phenotype is defined as the
observable characteristics, with emphasis on multiple as
opposed to singular characteristics, of an organism,
which develop from the interaction of the organism
with its environment. In relation to asthma, multiple
different approaches have been used to identify pheno-
types, including ‘phenotypes’ related to clinical charac-
teristics (severity, fixed airflow limitation, age at onset),
factors that associate with or trigger asthma (allergic,
aspirin, obesity) and finally, pathobiological character-
istics, including eosinophilic and neutrophilic inflam-
mation [10]. As much is understood regarding relevant
characteristics of asthma, phenotypes represent ‘group-
ings’ of several observable characteristics that tend to
track together, and identify a clinically meaningful
patient (Table 2). As can be appreciated, most of the
characteristics that make up phenotypes of severe
asthma are rather non-specific clinical (or even inflam-
matory) factors. They give little insight into the

underlying pathobiology of the condition. Attempts to
target and integrate more specific inflammatory bio-
markers, including levels of specific and total IgE, spu-
tum inflammatory cell analysis, exhaled breath
condensate measures and nitric oxide (NO), have either
not yet been studied and replicated in high enough
numbers of patients/cohorts, been practical for clinical
practice or been sufficiently studied using a phenotype
directed approach. However, both clinically directed
and less biased statistical approaches are now being
reported, which consistently link and integrate the
range of characteristics to better define phenotypes [8,
11–13]. Both biased/clinical and less biased/statistical
analyses from both European and North American
severe asthma cohorts strongly support the presence of
several subgroups or phenotypes, probably with more
similarities than differences in the phenotypes identi-
fied. For instance, all studies to date have identified an
early onset, mostly atopic/allergic phenotype [8, 11–
13]. In addition, a late onset, highly eosinophilic phe-
notype, as well as an additional late onset primarily
female, less atopic and more obese phenotype have also
been reported [8, 11, 12]. Unfortunately, none of these
clinically characterized phenotypes, as reported, provide
much insight into the underlying pathogenetic mecha-
nisms that led to that phenotype, nor are there data to
support their stability over time.

Moving from phenotype to endotype (Figure 1)

The challenge now is to link pathobiology to these clin-
ical phenotypes, and perhaps to use pathobiology to
identify clinical phenotypes not yet recognized. None of
the phenotype approaches introduced above have glob-
ally identified a specific pathobiology, biomarker,
genetic element, stability over time or critically, a
robust response to therapy targeted to the biology asso-
ciated with that phenotype. Probably, all of these fac-
tors would need to be incorporated into the phenotype
to move that grouping of subjects from a phenotype to
an ‘endotype’. Endotype is a term applied to a ‘subtype
of a condition which is defined by a distinct functional
or pathophysiological mechanism’ [14]. While we are
getting closer to defining asthma endotypes, confirma-
tory support for any specific endotype is still limited,
perhaps related to the near absence of large scale and
longitudinal studies that have incorporated pathobiol-
ogy with clinical approaches. However, several partial

Table 1. Characteristics variably associated with severe asthma

Symptoms

Wheeze, shortness of breath, cough, nocturnal awakenings, chest

tightness

Airway obstruction

Complete or incomplete bronchodilator responsiveness

Severe exacerbations

Frequent exacerbations

Atopy/allergic responses

Non-steroidal ant-inflammatory reactions

Age at onset

Rhinosinusitis

Air trapping

Airway wall thickening

Inflammation

Eosinophilic, neutrophilic, paucigranulocytic

Table 2. Replicated phenotypic groupings of characteristics

Hereditary, early onset allergic asthma

Poorly reversible, very severe, neutrophilic asthma

Late onset eosinophilic asthma

Late onset, symptom dominant, obese minimal inflammation
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endotypes have been proposed, which appear to be clin-
ically, statistically or molecularly definable. As has
been noted by others, a fully defined endotype will
require incorporation not only of pathobiology and its
related biomarkers but also numerous clinical, physio-
logical and genetic elements, as well as long-term
stability (Table 3) [15].

Recently, six partial endotypes were proposed, of
which, at least four are relevant to severe asthma [15].

These four include severe ‘allergic’ asthma, late onset
persistent eosinophilic asthma, aspirin exacerbated air-
way disease (AERD) and allergic bronchopulmonary
mycoses. Each of these four proposed endotypes fulfills
the majority of the necessary characteristics. However,
in all cases, the true underlying pathogenetic mecha-
nism remains poorly identified, and in some cases,
emerging data suggest that some of the factors pro-
posed to define the specific pathobiology of an endo-
type may overlap across phenotypes. Whether a better
understanding of pathobiology will eventually lead to
endotypes initially defined molecularly, with the
accompanying clinical characteristics secondary to the
molecular process, remains to be determined. However,
a study of molecular phenotyping in mild asthma
suggests that this approach may be possible and even
preferable [16].

Evolving endotypes of relevance to severe asthma
(Table 3)

Severe early onset allergic asthma

Natural history and clinical characteristics. As noted,
this group of severe asthmatic patients primarily devel-
oped their disease in childhood, although allergic
asthma with onset in adulthood certainly occurs, usu-
ally with a history of allergic reactions of some sort

Table 3. Evolving endotypes in relation to severe asthma

Natural history Clinical Genetics Pathobiology Biomarkers Response to Rx

Early onset

allergic

Childhood onset

severe disease

is persistent &

probably

progressive

Aeroallergen

sensitivity other

allergic diseases

17q12–21 Th2

pathway

Th2 cytokines,

eos–less clear in

severe disease

FeNO, increased

specific IgE

periostin

Mild responds to

CSs/Th2 blockers.

less clear in severe

Persistent

eosinophilia

Adult onset,

persistence and

progression

unknown

Often severe

sinusitis, nasal

polyps Subset with

AERD

LT pathway

HLA

Blood and lung eos

despite CSs IL-5,

cLT pathway

Sputum eos (not

specific for this

endo-type)

Anti-Th2/IL-5 LT

modifiers

ABPM Usually adult onset

persistent, but

progression

unknown

Increased cough/

mucus central

bronchiectasis

CFTR? Blood and lung eos,

mixed adaptive

immunity

Fungus specific

IgE and IgG

CSs, anti-fungals,

possibly anti-IgE

Obese-Female Very late onset

persistence and

progression

unknown

Very symptomatic,

but less airway

obstruction and

few severe

exacerbations

hormonal ties

Unknown Inconsistent reports Unknown No good studies of

targeted Rx, but

poorly CS

responsive

Neutrophilic Unknown Fixed airway

obstruction, few

other defined

clinical

characteristics

Unknown Neutrophils, possibly

increased innate

immune activation

Unknown Possible response to

macrolide

antibiotics

“Severe asthma” 

Symptoms

Exacerba ons
Inflamma on

Low FEV1Ch
ar
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Evolving endotypes

Mild, moderate and
severe allergic/Th2

asthma

  Late onset, Obese, female 
  AERD/AERD-

like, poss Th2
late onset, less 
eosinophilic

ABPM 

Fig. 1. Schematic diagram of relationship of the umbrella term

‘asthma’ to previously identified phenotypes and endotypes.
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since childhood [17]. It remains to be determined what
percentage of these early onset patients had severe
asthma since childhood, and how many progressively
developed severe asthma over time [18]. However, this
group appears to constitute around 40% of all severe
asthmatics, and at least in the cluster analyses to date,
appears to be an extension of mild to moderate to
severe allergic asthma, with the most severe group
identified by the highest number of positive allergy skin
test reactions and the longest duration of disease [12].
They also commonly have a family history of asthma,
supporting a genetic component. They appear to be
generally reversible to bronchodilators, even back to a
relatively normal forced expiratory volume in 1 s
(FEV1) [8, 12]. While the overall ‘stability’ of this early
onset endotype has not specifically been studied, chil-
dren who meet the ‘Asthma Predictive Index’ criteria
are generally believed to have a persistent disease that
would manifest in adulthood as early onset allergic
asthma [19]. Small reports even suggest that although
some children become asymptomatic as they reach pub-
erty, bronchial hyperresponsiveness remains [20, 21].

Genetics. The family history of asthma suggests a
genetic component. Indeed, multiple studies have
reported associations of Th2 related genes to atopy/IgE
levels [22, 23]. In addition, targeted genetic analysis of
Th2 related genes in early onset clusters from the
Severe Asthma Research Program show a general dose
response, with greater numbers of Th2-related genetic
polymorphisms with increasing severity of disease [24].
In contrast, a large scale meta-analysis of genome-wide
association studies did not find genes associated with
atopy or IgE associated with asthma or even early onset
asthma [9, 25]. However, less well defined epithelial
related genes, genes related to innate immunity and
those with poorly defined function were stronger pre-
dictors of early onset, atopic asthma than genes related
to atopy.

Pathobiology and biomarkers. The presence of increased
specific and total IgE in this endotype has focused
pathobiological studies on immediate hypersensitivity
and Th2 adaptive immunity. Interestingly, however,
very few studies have actually distinguished the patho-
biology in early onset disease from later onset or ‘ato-
pic’ asthma as identified by positive allergy skin tests
from non-atopic. Despite these limited studies, studies
of ‘atopic asthma’ have generally observed increases in
IgE positive cells, IL-4 and IL-13 at the mRNA level,
but with little difference between atopic and non-ato-
pic asthma [26, 27]. This raises immediate questions
about the specificity of these markers for atopic aller-
gic asthma. In most cases, CS therapy decreases
inflammatory cells; however, a study of severe early

onset asthma suggested that despite low eosinophils,
lymphocytes in airway biopsies remain increased in
the face of CS therapy [8]. Little is understood regard-
ing the role of the mast cell, the epithelium or other
cell types specifically in early onset allergic asthma,
although a mast cell gene signature appears to track
with a Th2-Hi signature in mild asthma [16]. Neither
total or specific IgE are sensitive, nor are specific bio-
markers for this phenotype, as atopy is identified in up
to 50% of the general/healthy population, with even
higher numbers in those with allergic rhinitis (AR) and
no asthma [28].

Recent studies suggest that an epithelial Th2 gene
signature exists in mild asthma, with increases in an IL-
13 responsive gene known as periostin predicting an
atopic, eosinophilic disease [16]. Similarly, elevations of
NO, the primary product of inducible NO synthase
(iNOS), are also reported be a biomarker for an allergic
asthma phenotype. iNOS is increased in human airway
epithelial cells in response to Th2 cytokines, but its
selectivity to Th2 inflammation is limited, as it can be
induced by interferon gamma as well [29]. Furthermore,
fractional exhaled NO (FeNO) can be elevated in AR
patients in the absence of asthma [30]. More recently,
periostin has been suggested as a possible biomarker
for Th2 inflammation, although its specificity to early
onset, allergic asthma is not known [31]. Thus, although
there are suggestions of Th2 pathobiology in early
onset allergic asthma, much has to be done to under-
stand its selectivity in this phenotype, as well as its per-
sistence (or lack thereof) in progressively more severe
and CS treated patients.

Response to therapy. No clinical trials have specifically
targeted early onset allergic asthma. Allergen desensiti-
zation is typically targeted to patients with both posi-
tive skin reactions and supporting clinical symptoms;
however, the efficacy of allergy desensitization in
asthma (when compared with AR) has undergone lim-
ited study with a metanalysis suggesting modest effi-
cacy [32]. Monoclonal antibodies to IgE (omalizumab)
have also been targeted to ‘allergic asthma’. However,
the criteria for allergic asthma are not selective and
include the presence of any specific IgE and a level of
total IgE > 30 IU/mL. Despite this limited definition,
omalizumab has shown efficacy in patients defined
above, even when treated with inhaled CS and other
controller medications [33–36]. Whether anti-IgE would
be more effective in a better ‘characterized’ allergic and
early onset endotype remains unclear.

Th2 modifying drugs are now beginning to be stud-
ied in asthma and its phenotypes. Both IL-4Ra receptor
antagonist (pitrakinra) and antibody to IL-13 have been
efficacious in an allergen challenge model in mild aller-
gic asthmatics [10, 37]. However, neither approach has
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been specifically studied in a chronic ‘allergic asthma’
endotype.

Adult onset, persistently eosinophilic severe asthma

Natural history/clinical presentation. As this proposed
endotype has only been recognized in the last 10 years,
much less is understood regarding the development and
course of this endotype. However, it appears that the
majority of this group develops disease in adult life,
often in the late 20s to 40s. It is often associated with
sinus disease and severe from the start. There is little
evidence for additional allergic diseases (low level
eczema compared with early onset disease) or allergic
symptoms. Atopy, while less than that in early onset
asthma, still is higher than in the general population,
and IgE levels can also be elevated. Systemic CSs are
often needed to prevent exacerbations, decrease symp-
toms and lower blood eosinophils, suggesting an ele-
ment of CS resistance. Interestingly, this general
endotype was identified by Haldar et al. when sputum
eosinophilia was a key input into a cluster analysis
[11]. In contrast, when lung eosinophilia was not
included in the analysis, as in SARP, this endotype was
not identified [12].

Aspirin exacerbated airway disease is probably a very
similar endotype, or even a subendotype of this adult
onset eosinophilic group in whom sensitivity to non-
steroidal anti-inflammatory drugs has been identified.
Like late onset persistent eosinophilic asthma, AERD
starts late in life, and is associated with eosinophilia
and sinus disease/nasal polyps [38]. This specific subset
is perhaps the most distinct endotype yet identified,
although much regarding the natural history of this
endotype remains unclear.

Genetics. Despite the rather specific and clinically iden-
tifiable characteristics of this endotype, little is known
regarding the genetics. Genetic variants in elements of
the cysteinyl leukotriene (cysLT) pathway have been
identified in AERD using targeted approaches, but the
results have been variable, probably on the basis of the
very small sample sizes [39, 40]. Pooled analyses across
several severe asthma cohorts will be required to better
understand the genetics of this group. Interestingly, few
patients give a family history of asthma [8].

Pathobiology/Biomarkers. Lung eosinophilia is one of
the hallmarks of this endotype. However, lung eosino-
philia is not specific for this endotype, suggesting that
other, but perhaps Th2 related, biomarkers may be more
important. Pathologically, IL-13 and IL-5 are present in
the lower airways and in association with nasal polyps,
despite their generally observed suppression by CSs,
with a gene expression study identifying the Th2

signature gene periostin in nasal polyps from AERD [41
–44]. Other downstream ‘Th2’ signatures are increased
in many of these patients, including 15 lipoxygenase 1,
its product 15 hydroxyeicosaetetranoic acid, iNOS and
eotaxins [41, 45–47]. The subset with AERD, and to
some degree, the general phenotype, are associated with
increases in the cysLT pathway, a pathway upregulated
by Th2 cytokines. Elevations in FeNO and urinary
cysLTs have also been reported [8, 11, 48, 49]. Whether
distinct Th2 biomarkers will identify this phenotype
remains to be assessed.

Response to therapy. Persistent eosinophilia in late
onset disease implies a refractoriness of its eosinophilia
and related immunobiology to CS, although high sys-
temic doses are generally able to overcome this refrac-
toriness [50]. Consistent with the high cysLTs levels,
leukotriene modifiers can have a robust impact on the
AERD subset, even in the face of systemic CS therapy
[51, 52].

In addition to cysteinyl LTs, the presence of persistent
eosinophilia suggests that Th2 cytokines could also
contribute to the pathobiology, despite the lack of asso-
ciation with IgE/atopy. Recent drug trials blocking both
the IL-4/-13 and IL-5 pathways support this concept
[49, 53, 54, 55]. Results from separate studies of severe
persistent eosinophilic asthma treated with a monoclo-
nal antibody to IL-5 showed efficacy in diminishing
blood and lung eosinophils and decreased exacerbations
and systemic CS requirements. In addition, although the
IL-4Ra blocker, pitrakinra did not decrease exacerba-
tions in a general population of moderate asthmatics on
CS withdrawal; it was significantly better than placebo
in reducing exacerbations in a pre-specified subanalysis
of patients with baseline blood eosinophils > 350 mm3

[54]. While greater efficacy was not observed in early
onset/high IgE subgroups, later onset, persistently
eosinophilic disease despite CSs was associated with the
more robust responses to Th2 targeted therapy.

This combination of pathobiology and response to
therapy strongly supports a prominent element of Th2
immunity. However, the lack of clinical allergy and
poor response to inhaled CS in this endotype suggests
rather profound differences from the Th2 immunity
associated with early onset allergic disease.

Allergic bronchopulmonary mycoses

Typically, allergic bronchopulmonary mycoses (ABPM)
has referred to a complex form of a Type I hypersensi-
tivity response to aspergillosis (i.e., ABPA). Other fungi
have been described such that the term has been broad-
ened to ‘mycoses.’ However, most studies have focused
on aspergillus. It has alternately been considered as
a phenotype of asthma or as a masquerader of asthma
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(i.e., a different disease), in patients with severe disease.
While clearly possible, it remains unknown whether
mild asthma with fungal sensitization progresses to
ABPM, and if it does, what are the predisposing factors
for that progression.

Natural history/clinical features. In the absence of cys-
tic fibrosis, ABPM is more commonly seen in adults.
There is a relation to atopy, but typically, findings con-
sistent with ABPM occur long after childhood, when
most ‘allergic asthma’ develops. Little is understood
regarding the predisposing factors to its development
[56]. Cough and phlegm are generally present and often
the initial manifestation of the disease. These symptoms
are usually seen in association with bronchiectasis.
Although obstruction is often present, bronchiectasis
can exist without physiological evidence for airway
obstruction. The disease is hallmarked by elevations in
total IgE, blood eosinophils and IgE specific to the fun-
gus of interest. The disease is generally believed to be
progressive, but no large long-term follow-up studies
have been reported.

Genetics. Little is understood regarding the genetics of
this endotype. There is only modest evidence for family
history of disease. Genetic polymorphisms in human
leukocyte antigen (HLA)-related genes have been
described, and the endotype has also been reported in
relation to cystic fibrosis transmembrane conductance
regulator (CFTR) gene mutations in the absence of
cystic fibrosis (CF) [57].

Pathobiology/Biomarkers. Allergic bronchopulmonary
mycoses typically involves the actual propagation of
the fungi in the airway, separating it from asthma that
is triggered by an airway sensitization response which
occurs following inhalation of fungal elements and
induces allergic reactions upon secondary exposure.
The association with CF strongly suggests that abnor-
malities in epithelial function are likely to be critical to
its pathogenesis, and almost certainly contribute to the
central bronchiectasis and associated mucus generation
observed in this endotype. The strong association with
Type I hypersensitivity and specific IgE to fungi as well
as the high numbers of blood and lung eosinophils,
support a strong role for Th2 immunity in this endo-
type. In CF-related ABPA, OX40L was reported to be
increased and in vitro, appeared to drive Th2 responses
[58]. Further studies are needed in non-CF-related
ABPA/M to determine whether similar pathways are
engaged. However, supporting this concept, a recent
study suggested that the Th2 chemokine CCL17 (Thy-
mus and activation regulated chemokine/TARC) was a
better biomarker of ABPA in patients with CF than
total or specific IgE levels [59]. However, asthmatic

controls (as opposed to CF controls) have not yet been
reported.

Response to therapy. Systemic CSs remain the mainstay
of therapy, and indeed many patients will require life-
long treatment with these drugs. The reasons behind
the greater efficacy of systemic when compared with
inhaled CSs is not clear, especially as the majority of
the bronchiectasis appears to occur centrally, but sug-
gests activation of systemic immunity, perhaps incorpo-
rating elements of several adaptive immune pathways
[60, 61].

The only Th2 targeted approach that has been
reported is the use of anti-IgE. No prospective studies
have yet been completed, but a case series suggested
efficacy in a group with probable ABPA (although
rather low total IgE levels) [62]. Small placebo con-
trolled studies have reported efficacy of itraconazole in
ABPA, with case series suggesting next generation anti-
fungals may be more efficacious [63]. Interestingly, a
recent study also found efficacy of itraconazole in
severe asthmatics with fungal sensitization but no bron-
chiectasis, suggesting overlap between fungal sensitized
asthma and ABPA/M [64].

The future: possible emerging endotypes of severe
asthma

As can be seen from the above, even ‘proposed’ endo-
types of severe asthma continue to have many gaps in
the understanding of their pathobiology, natural his-
tory, genetics and responses to targeted therapy. Addi-
tional phenotypes that could become endotypes include
a group of symptomatic older women, generally with
adult onset disease and a high body mass index. This
phenotype was observed in both the Leicestershire, UK
and SARP clusters, although the relation to inflamma-
tion varied between cohorts [11, 12]. Both cohorts iden-
tified these patients with very symptomatic disease
despite moderately preserved lung function, with no
history of atopy or allergic disease or high intensity
health care utilization (including ICU stays or mechani-
cal ventilation). In the SARP analysis, this cluster had
age at onset in the mid 40s, and there was an associa-
tion with natural or surgical menopause. This cluster
also had persistent eosinophilic inflammation in SARP,
but there was little evidence for inflammation in the
European cohort. Although allergy does not appear to
be associated with this phenotype, the importance of
other factors, including aspirin sensitivity and hormonal
changes remains unclear. Those who had the greatest
improvement in objective measures such as bronchial
hyperresponsiveness (BHR) were those with no/little
evidence for more traditional allergic asthma. Nothing
is known regarding lung specific pathobiology or
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biomarkers. However, a recent follow-up study of obese
patients who lost large amounts of weight following
bariatric surgery suggested that while many patients
improved markedly from asthma symptom perspective,
only those with little/no evidence for IgE-mediated
asthma had improvement in BHR [65]. This study sup-
ports the presence of a separate distinct obese endotype.
Finally, a targeted, perhaps hormonally related, thera-
peutic approach has also not been attempted.

There has also been support for a ‘neutrophilic endo-
type’ in severe asthma. Several investigators have identi-
fied neutrophilia in association with high dose CS
therapy and smoking [66]. However, in addition, there
appears to be a clinical association with low FEV1% pre-
dicted and air trapping on chest CT scan [67, 68]. A spu-
tum gene expression analysis of this phenotype suggested
that innate response genes were increased, including IL-1
family members [69]. Although, no biomarkers beyond
neutrophils themselves have been explored, this group
may respond to macrolide antibiotics [70].

Finally, ‘smoker’s asthma’ has been suggested as
another phenotype, although data to begin to support
an ‘endotype’ are weak. This phenotype may be as com-
plex as the heterogeneity of asthma itself. Clearly,
asthma can arise after the initiation of smoking or
before. In many asthmatics with high level of bronchial
hyperresponsiveness, just exposure to passive smoke is
enough to make them uncomfortable. Thus, the under-
lying airway immunobiology may vary considerably
among smokers. While smoking asthma has been asso-
ciated with more frequent exacerbations, lower lung
function and poor response to CS therapy, little is

understood regarding the role of genetics, biomarkers
or pathobiology[71–73].

Conclusions

Emerging data from large cohorts strongly support het-
erogeneity in severe asthma, with increasing acceptance
of the presence of distinct phenotypes. Confirming that
any of these phenotypes or subtypes within them are,
in fact, endotypes requires additional study. Identifying
the presence of distinct endotypes will require an inte-
grated approach, which at one level describes and then
links the natural history, clinical features, genetics,
biology and perhaps, more importantly, molecular biol-
ogy, but which then utilizes molecular therapeutic
approaches targeting specific biological elements
believed of importance. It is only with the evolution of
these molecular descriptions and the ensuing interven-
tions that complete endotypes of severe asthma will
eventually be confirmed. No single proposed endotype
meets all the criteria for this rigorous approach. How-
ever, ongoing molecular phenotyping studies from
Europe and North America should take large steps to
move us in that direction.
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