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Definition, Epidemiology, and Burden of Severe Allergic Asthma

Introduction

Asthma, the most common inflammatory disease of the lungs, involves both large and small peripheral airways and is
characterized by a combination of inflammation and structural remodeling. It is an immunologic disease and there is genetic
predisposition, although exposure to environmental factors including infections, indoor and outdoor allergens, and sensitizers or
occupational factors is also required to induce asthma. The absence of exposure to normal antigenic stimuli such as microbes
and dirt at birth and early childhood may divert normal immune reactions towards asthma (as has been expressed in the hygiene
hypothesis)[1] and in data from children born though Cesarean section and not exposed to birth canal antigens.[2,3]

Patients with severe asthma or therapy-resistant asthma represent a minority of the total asthma population but account for a
majority of the morbidity and healthcare costs.[4] Severe asthma may present with diverse clinical characteristics and be linked to
many different pathophysiological pathways called phenotypes and endotypes. Until recently, asthma was usually considered a
T2 cytokine-related disease linked to atopy and eosinophilia, although it is now evident that many patients with severe disease
have T2-low asthma.[5] Phenotyping patients with severe asthma is pivotal to our understanding of disease and to providing
targeted and personalized treatment, as there are currently medications targeting specific phenotypes in severe asthma. One
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important distinction of severe asthma is whether it is allergic or non-allergic as, although there are no true epidemiological data,
there are large cohorts of severe asthma where the allergic phenotype is found in over 50% of the patients.[6,7] This article
provides an overview of the importance of the allergic phenotype in adults and children.

Asthma Prevalence

Asthma affects roughly 300 million people worldwide and causes 250,000 deaths annually.[8] The prevalence of asthma in
different countries ranges from 1% to 18% of the population, with countries such as Wales, New Zealand, and Ireland having the
highest prevalence (Figure 1).[9,10]

The prevalence of asthma is increasing in parts of the world that have adopted a Western lifestyle and is plateauing in developed
countries (Figure 2).[11] By 2025, asthma prevalence is anticipated to reach 400 million worldwide.[9]

Figure 1. Prevalence and mortality from asthma[9]

Figure 2. Trends in prevalence of asthma[9]
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Allergic asthma often begins in childhood and is associated with a past and/or a family history of allergic diseases such as
eczema, allergic rhinitis or allergy to food or medication.[12] Allergy is a risk factor for asthma: in one of the largest epidemiological
studies, the ECRHS, the prevalence of reported allergy in the general population ranged from 9.5% to 40.9% (median 20.9%).
[10,13] In a Spanish subgroup of this study, allergy prevalence in the general population ranged from 12% to 17%, while in those
with asthma it was much higher: it was calculated that allergy to perennial and seasonal allergens was associated with a
significantly increased risk of asthma (odds ratio [OR] 10.2 and 11.5 respectively).[14] On the other hand, the patients in the
ENFUMOSA severe asthma cohort were analyzed using the ECRHS stage 2 questionnaire and were found to have a high
prevalence of allergy; however it was higher in the milder asthma group. Therefore, allergy was not a risk factor for severe
asthma.[15] Similarly, Knudsen and colleagues reported that allergic asthma accounts for roughly 60% of asthma cases in adults,
but, in terms of symptoms and lung function, non-allergic asthma is often the more severe form of the disease.[16] Nevertheless,
more than 50% of severe asthma patients have severe allergic asthma (Figure 3).[6,7]

Figure 3. Percentage of positive skin-prick tests to common aeroallergens in patients with well-controlled mild/moderate or
severe asthma.
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†Represents the percentage of total subjects in each group with at least one positive reaction. Local 1 and Local 2 indicate
the two most frequent allergens specific to the geographical region.[6]

Clinical and Economic Burden

Asthma poses a substantial clinical and economic burden, impairing school and work performance, social life, and physical quality
of life; as well, there is still morbidity associated with asthma.[8] There are no studies focusing on the burden of severe allergic
asthma rather than severe asthma and therefore, data on the burden of severe asthma will be briefly mentioned.

Economic costs from asthma include direct medical costs, such as hospital admissions and the cost of pharmaceuticals, and
indirect medical costs including lost time from work. Direct costs for asthma represent approximately 1% to 3% of total medical
expenditures in most countries.[9]

Worldwide, asthma accounts for around 1% of all disability-adjusted life years (DALYs) lost, which reflects the high prevalence
and severity of the disease. The number of DALYs lost due to asthma worldwide is similar to that for diabetes.[9] Comorbidity
burden increases the burden of asthma, since individuals with asthma are more likely to experience recurrent exacerbations of
their asthma if they have comorbid conditions. Rhinitis and gastroesophageal reflux are the most common comorbidities in
individuals with asthma.[17]

In 2013, the World Health Organization estimated that every year, 25 billion DALYs are lost because of asthma and of this, 5.2
billion DALYs are lost within the European Union. In the EU, annual direct costs are estimated to be nearly €20 billion, indirect
costs to be €14 billion, and a monetized value of DALYs lost to be €38 billion, for a total of €72 billion euros annually.[18]

Many patients have asthma that is still suboptimally controlled, despite standard-of-care treatment. Successful management of
patients with severe asthma continues to be a major unmet need, and among patients with severe allergic asthma, higher costs
can be expected in association with poorly controlled asthma.[4] Patients with severe uncontrolled asthma require more intensive
interventions, including higher step-level care, better adherence, more specialist care, and specific attention to comorbidities, to
reduce asthma burden.[19] Patients whose disease is incompletely controlled by inhaled or systemic corticosteroids account for
roughly 50% of the healthcare costs of asthma.[20]

Definition of Severe Allergic Asthma
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The European Respiratory Society and the American Thoracic Society define severe asthma as asthma which requires treatment
with high-dose inhaled corticosteroids plus a second controller and/or systemic corticosteroids to prevent it from becoming
uncontrolled or which remains uncontrolled despite this therapy.[21] We can define severe allergic asthma as asthma that, in
addition to the clinical features of severe asthma, it is characterized by clinical features of allergy to specific aeroallergens and
increased levels of total or specific immunoglobulin E (IgE). Therefore, allergic asthma is characterized by high IgE levels and
positive skin prick tests or specific IgE in serum and clinical symptoms compatible with exposure to the allergen.[21] There are
hundreds of studies examining the association of atopy and asthma and asthma severity and it seems that house dust mite and
cat sensitization are the most prominent allergens associated with asthma severity.[13]

Comorbidities add to the burden of disease and it has been shown that recurrent exacerbations in adult severe asthma are more
frequent in patients with comorbid conditions such as severe sinus disease (odds ratio [OR] 3.7), gastroesophageal reflux (OR,
4.9), recurrent respiratory infections (OR, 6.9), psychological dysfunctioning (OR, 10.8) and obstructive sleep apnea (OR, 3.4).[22]

Moreover, control is difficult to achieve in obese patients and in patients who do not adhere to medication or healthy lifestyle
recommendations.[23,24]

Heterogeneity of Asthma

The development of inflammation in asthma involves an inflammatory response to an array of stimuli and inflammatory mediators
that promote the recruitment and activation of various types of immune cells and regulate the trafficking of inflammatory cells into
the lungs.[20] With a variety of clinical presentations, different underlying mechanisms, physiologic characteristics, and outcomes,
it is clear that severe asthma is not a single disease.[21,25] Over the last 15 years, there have been substantial advances in the
phenotyping of severe allergic asthma.

One of the pioneer multicenter cohort studies in severe asthma, the ENFUMOSA study, recruited 163 patients with severe and
158 patients with mild/moderate asthma. Atopy prevalence was around 60% in the severe and 80% in the mild/moderate asthma
group.[6,15]

The Severe Asthma Research Program (SARP), using predominantly clinical characteristics, identified 5 distinct clinical
phenotypes of asthma.[23] This is based on range of lung function, medication use, atopy and frequency of exacerbations
characteristics and includes 2 groups (groups 1 and 2) of milder early onset atopic asthma and 3 groups of severe asthma, 1 of
which (group 4) is severe allergic asthma (Table 1).[23]

Table 1. Asthma Phenotypes From the Severe Asthma Research Program

Asthma Phenotype Characteristics

Group 1: Mild allergic asthma EOA; 80% female, normal function; ≤ 2 controllers; 
minimal HCU

Group 2: Mild to moderate
allergic exacerbating asthma

Most common cluster; EOA; 67% female;
borderline normal FEV1 but reverses to normal; ≤ 2 controllers; very low HCU but
some steroid bursts

Group 3: Moderate to severe
older onset asthma

Older; LOA; higher BMI; 71% female; less atopic; 
moderate decrease in FEV1; some reversibility on higher ICS; > 3 controllers, but
more OCS bursts

Group 4: Severe variable
allergic asthma

Young; EOA; 53% female; severely decreased FEV1, but very reversible to near
normal; OCS; variable with need for frequent steroid bursts

Group 5: Severe fixed airflow
asthma

Older; LOA (longest duration); 63% female; less atopic 
Severely decreased FEV1, more fixed, less reversibility; on OCS; higher BMI; more
GERD, hypertension; high HCU

Source: Moore WC, et al.[23] BMI = body mass index; EOA = early-onset asthma; FEV1 = forced expiratory volume in 1
second; GERD = gastroesophageal reflux disease; HCU = health care utilization; ICS = inhaled corticosteroid; LOA = late-
onset asthma; OCS = oral corticosteroids.

The SARP study also identified 4 potential phenotypes of severe asthma in children: 1) later onset with relatively normal function
2) early-onset atopic with normal lung function 3) early-onset atopic with mild airflow limitations and 4) early-onset with advanced
airflow limitation.[26]
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Many other researchers are studying phenotypes of severe allergic asthma, and have published extremely valuable data,
including the Leicester group. This group identified phenotypes that have matching inflammation and symptom levels of severity,
called concordant disease, as well as phenotypes with discordant asthma. These included sputum eosinophilic asthma, an early
onset symptom-predominant asthma, and a later onset inflammation-predominant asthma (Figure 4).[24] Late-onset eosinophilic
asthma is currently one of the most well-defined asthma phenotypes and appears to have a different underlying pathobiology to
classical childhood-onset, allergic asthma.[27]

Figure 4. Clinical phenotypes of asthma[24]

The BIOAIR study compared phenotypes defined either by biomarkers or by clinical and physiological variables in 93 adults with
severe asthma and 76 adults with mild to moderate asthma. Phenotypes determined by sputum cell counts were less stable than
those defined by physiological variables, especially in severe asthma.[28]

The U-BIOPRED study showed that clustering based on clinicophysiologic parameters yielded 4 stable and reproducible clusters
that associate with different pathobiologic pathways.[7,29] The first group consists of patients with well-controlled moderate to
severe asthma, whereas the second cluster is a group of patients with late-onset severe asthma, a history of smoking and chronic
airflow obstruction. The third cluster is similar to the second, in terms of chronic airflow obstruction but it is composed of only
nonsmokers. The fourth cluster is predominantly composed of obese female patients with uncontrolled severe asthma with
increased exacerbations, but with normal lung function. The main findings were that patients with severe asthma had worse
symptoms and more exacerbations, despite high-dose treatment including oral corticosteroids (OCS) in 45% of participants.
Severe asthma patients also had higher levels of anxiety and depression as well as a higher incidence of comorbidities of nasal
polyps and gastroesophageal reflux compared with patients with mild/moderate asthma. Lung function was lower and sputum
eosinophils higher in the severe group despite higher dose treatment. The clinical features in this U-BIOPRED severe adult
asthma cohort are in general similar to the ENFUMOSA and SARP cohorts. In addition, in the U-BIOPRED group, there were
significant differences in sputum proteomics and transcriptomics between the 4 clusters.[30]

Over the past 15 years, accumulating evidence has therefore shown that severe asthma is not one disease but many, and
researchers are in the process of identifying the phenotypes and molecular pathways of severe asthma. More recently, 2 large
subgroups of severe asthma have been identified, T2-high and T2-low severe asthma.[5,31] More information and more treatment
options exist regarding T2-high asthma, ie, asthma with T2 type cytokines such as interleukin (IL)-4, IL-5 and IL-13. Severe
allergic asthma is T2-high and, in addition to the clinical features of severe asthma, it is characterized by clinical features of
allergy to specific aeroallergens and increased levels of total or specific IgE.[5]
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IgE antibodies, T helper cell type 2 (Th2)-derived cytokines, and eosinophils play a role in the development of chronic airway
inflammation seen in T2-high asthma, including allergic and eosinophilic asthma, even in subjects with mild cases of the disease.
Increased serum levels of specific IgE towards common environmental allergens are a key component in the pathogenesis of
allergic asthma. IgE antibodies cause chronic airway inflammation through effector cells such as mast cells, basophils etc,
activated via high-affinity or low-affinity IgE receptors.[20]

Mounting evidence shows that severe asthma phenotypes are related to genetic factors, age of asthma onset, disease duration,
exacerbations, sinus disease and inflammatory characteristics.[21] Large-scale ongoing studies that have a molecular and genetic
focus may lead to more targeted therapies for this patient population.[31]

Conclusion

Severe asthma impacts roughly 10% of individuals with asthma and places a great burden on patients and healthcare systems. It
affects the patients’ level of activity, their quality of life, their ability to work and function normally and is linked to morbidity.
Recurrent exacerbations in adult severe asthma are a key concern for patients, and in the risk for hospitalization and even more
importantly death, and of cost. Exacerbations are linked to disease severity and are more frequent in patients with comorbid
conditions, such as severe sinus disease, psychopathology, obesity and recurrent respiratory infections. There is therefore an
urgent need to prevent exacerbations and manage severe asthma. So far, there are more treatment options for the T2-high
asthma phenotype which includes allergic and eosinophilic asthma. Allergic and eosinophilic asthma phenotypes are targeted by
anti-IgE and anti-IL-5 treatments respectively, while some patients show both allergy and eosinophilia. In these patients with both,
the choice for best treatment option remains with the clinicians and expert centers: there are no head to head studies comparing
the efficacy of these preparations in the overlapping phenotype of allergy and eosinophilia and therefore no evidence-based
recommendations can be given.

Diagnostic Challenges in Severe Allergic Asthma

Introduction

Diagnosing severe allergic asthma is not always clear cut. Patients with suspected severe asthma should receive a
comprehensive diagnostic workup with a broad differential diagnosis.[21] Many diseases, including pulmonary diseases and vocal
cord dysfunction, can be mistaken for severe allergic asthma. The disease is both underdiagnosed and overdiagnosed and poses
a number of diagnostic challenges. An additional consideration is distinguishing between severe asthma and uncontrolled
asthma. Patients with uncontrolled asthma may achieve control if issues such as adherence, proper inhaler technique and
treatment of comorbidities are addressed. Clinicians should aim to subphenotype patients within the syndrome of severe asthma
and diagnose precipitating factors and comorbidities to optimize patient outcomes.[21]

Underdiagnosed and Overdiagnosed

Although asthma is one of the most common chronic diseases in the world, diagnosis can be difficult.[11,21,32] Although disease
symptoms including wheeze, chest tightness, and shortness of breath are often considered essential features of asthma, the
adage "all that is asthma does not wheeze and all that wheezes is not asthma" holds true.[11]

Asthma in children and adults is both underdiagnosed and undertreated as well as overdiagnosed and overtreated.[33-36]

Misdiagnosis of nonasthmatic conditions as uncontrolled asthma is estimated to be as high as 30%.[21] A recent study, involving
701 participants in 10 Canadian cities from 2012 to 2016, found that roughly one-third of adults diagnosed with asthma in the past
5 years did not currently have asthma, and more than 90% of these patients were able to safely discontinue their asthma
medication.[37] It is unclear whether the patients may have either experienced spontaneous remission or been misdiagnosed.

Studies have also shown that most adult patients who should receive anti-inflammatory treatment, according to international
guidelines, are suboptimally treated.[12] Roughly 50% of adults and children on long-term therapy fail to take their controller
medications as prescribed, at least some of the time.[12] In a large study of patients with severe asthma in France, as many as
85% of patients were not treated with an anti-inflammatory treatment.[34] The rate of reported failure to fill initial prescriptions
varies from 6% to 44%.[8] Poor adherence, which contributes to poor symptom control and exacerbations, may be unintentional
(forgetfulness, cost, misunderstandings, etc.) and/or intentional (not perceiving the need for treatment, fear of side effects, cultural
issues, cost, etc.).[12]

Accurate identification of severe asthma is important, given that prescribing appropriate therapy can improve clinical outcomes
and quality of life.[21]

Diagnosis of Severe Asthma



22/07/2017 www.medscape.org/viewarticle/879333_print

http://www.medscape.org/viewarticle/879333_print 8/21

The definition of asthma requires a combination of appropriate clinical symptoms in association with documented reversible
airflow limitation and/or airway hyper-responsiveness.[11] Asthma should not be diagnosed based on symptoms alone.[11,38] The
diagnosis of asthma requires objective assessment with either the demonstration of reversible airflow obstruction or increased
airway hyperresponsiveness.[37,38]

Severe asthma is that which requires treatment with high-dose inhaled corticosteroids plus a second controller (and/or systemic
corticosteroids) to prevent it from becoming uncontrolled or which remains uncontrolled (Table 2) despite this therapy.[21]

Table 2. Defining Uncontrolled Asthma

Source: Chung KF, et al.[21]

There are several diseases that can masquerade as severe asthma (Table 3). In adults, this includes chronic obstructive
pulmonary disease, congestive heart failure, and vocal cord dysfunction.[21] In children, this includes cystic fibrosis, carcinoids,
and congenital heart disease. Sometimes patients with adverse drug reactions are misdiagnosed with asthma.[21]

Table 3. Diseases That Can Masquerade as Severe Asthma
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Assessment of comorbidities is important in a clinical workup for asthma. Difficult-to-control and severe asthma is often
associated with coexisting conditions such as rhinosinusitis, obesity, obstructive sleep apnea, and gastroesophageal reflux
disease (GERD) that can affect asthma.[21] Identifying and treating comorbid conditions that may impede asthma management
may improve asthma control and thus patient quality of life.[32] For example, gastroesophageal reflux treatment may benefit
patients who have asthma and frequent heartburn or pyrosis.[32] Treating allergic bronchopulmonary aspergillosis can help
patients who have asthma and a history of pulmonary infiltrates, IgE sensitization to Aspergillus, and/or are corticosteroid
dependent.[32] Managing stress and depression may improve asthma that is not well controlled.

Identifying the Atopic Patient

Allergic asthma is caused by a hypersensitivity reaction initiated by immunologic mechanisms and mediated by IgE antibodies.
Since its discovery in 1966, IgE has been considered the most important biological target in the treatment of allergy and asthma,
with many investigators trying to interfere with its production or its function in the immune system.[39]

An accurate diagnosis of severe allergic asthma requires a careful allergy history, physical examination, and tests including skin
allergy tests, radioallergosorbent (RAST) tests (blood test), challenge tests, and IgE testing (serological antigen specific IgE and
total serum IgE).[21,40] Major allergens affecting asthma fall into four broad categories: pollens, environmental, animals, and food.

Allergic sensitization involves a complex interplay between the allergen and an individual in a given environmental context.
Allergic inflammatory diseases are accompanied by increased permeability of the epithelium, which is more susceptible to
environmental triggers.[41] Most children have allergic sensitization with important allergens including house dust mites, molds,
cockroaches, and mice.[40] In adults, the frequency of sensitizations is less, but still significant for many.[40]

The presence of allergic sensitivity is a clear risk factor in childhood for the development of asthma, especially in the setting of
concomitant viral respiratory infections, and the extent of allergic sensitivity may correspond to severity of asthma in children.[40]

In adults, on the other hand, once asthma is present, the presence of atopy indicates allergic asthma but not the severity of the
disease.[40]
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Advances in allergy testing continue. Researchers recently identified a set of questions that correctly predict negative skin prick
tests to common aeroallergens 88% of the time.[42] These may be useful to exclude patients who do not warrant further
investigation and who can reliably be advised that allergen avoidance is neither necessary nor helpful.

Biomarker Phenotypes and Endotypes

Over the past decade, researchers have made significant advancements in the phenotyping of severe asthma. While no specific
phenotypes have been agreed upon, clinical genetic and statistical approaches have identified an early-onset allergic phenotype,
a later onset obese (primarily female) phenotype, and a later onset eosinophilic phenotype, with different natural histories.[21]

Atopy does not appear to be the predominant distinguishing feature for any of the phenotypes derived from the clinical patient
characteristics.[40] The age of asthma onset (childhood or adulthood) has been linked to differences in allergy, lung eosinophils,
and sinus disease.[21]

Clinicians should, where available, use inflammatory biomarkers, such as exhaled nitric oxide (FeNO) and sputum eosinophil
counts, for the reliable diagnosis of T2-type asthma.[11] More recently, the use of peripheral eosinophil levels and an associated
history of exacerbations have been shown to be useful predictors of response to both anti-IgE and anti-IL-5 therapy for severe
asthma. Eosinophilic inflammation, allergic/Th2 processes and obesity have been identified as characteristics or phenotypes that
may be helpful when considering nonspecific (corticosteroid) and specific (targeted) therapy (eg, anti-IgE and anti-IL-5 antibody
treatments).[21] Levels of eosinophilic inflammation or Th2 inflammation can help evaluate the level of compliance/adherence, risk
for exacerbations and response to corticosteroid therapy and potentially to targeted therapies such as IgE or anti-IL-5. Ongoing
work with genetic, molecular, cellular, and structural and physiological biomarkers in severe asthma and their integration using
systems medicine approaches will help further refine phenotypes.[21]

Assessing Asthma Control

The goals of asthma management include: preventing long-term (chronic) symptoms that interfere with daily living, reducing
asthma exacerbations, maintaining lung function near the personal best measurement, and allowing an individual to participate in
all activities they might wish to participate in (Figure 5).[12]

Figure 5. Goals of asthma management.[12]

Clinicians should assess asthma control, medication technique, a written asthma action plan, adherence, and patient concerns at
every patient visit, given that asthma is highly variable over time.[32] Most patients do not require peak flow monitoring, but in the
small minority of patients with poor symptom perception it should be considered.[32] Assessment of asthma control can be seen
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as complex, but the Global Initiative for Asthma (GINA) provides a 3-question tool for assessing patients with asthma that is
extremely helpful (Table 4).[12] Often, clinicians do not accurately assess asthma, because they fail to ask the correct questions.

Table 4. How to Assess a Patient With Asthma [12]

Clinicians should not rely solely on lung function tests to gauge asthma control, since patients with asthma may have normal
spirometry between exacerbations.[43] Clinicians and patients often overestimate the level of asthma control, thus several tools
have been developed to quantify the level of asthma control. The most common tools used for assessing asthma control are the
Asthma Control Questionnaire (ACQ), Asthma Control Test (ACT), childhood Asthma Control Test (cACT), and Asthma Therapy
Assessment Questionnaire (ATAQ).[43] The ACQ has been used in the majority of clinical trials, the ACT has the most published
validation data, and both tools have been validated for use as self-administered tools in person, at home, or by telephone in
different languages.[43] Clinicians should review the results of the psychometric properties of tools, but they should also consider
whether the tool was evaluated in a similar population and in a similar setting as the patient they are treating.

Asthma symptoms may increase and precipitate an asthma exacerbation if patients who have asthma are exposed to irritants or
inhalant allergens to which they are sensitive. Exacerbations increase the risk for progressive loss of lung function and are a
significant contributor to emergency department and hospitalization costs.[32] Managing poorly controlled asthma requires
revisiting the asthma diagnosis to rule out any asthma mimickers, such as vocal cord dysfunction. Avoidance of potential triggers,
treatment of aggravating conditions such as GERD or obesity, and asthma education involving an asthma action plan, proper
inhaler use, and adherence, can improve asthma control.[32]

Conclusion

Asthma is a heterogeneous disease that is both underdiagnosed and overdiagnosed. Severe allergic asthma consists of multiple
phenotypes and researchers have made strides in recent years to define phenotypic biomarkers. Expert consensus on specific
phenotypes does not exist, but clinical genetic and statistical approaches have identified an early-onset allergic phenotype, a later
onset obese (primarily female) phenotype and a later onset eosinophilic, with different natural histories. Physicians should use
inflammatory biomarkers, such as FeNO and sputum eosinophil counts, for reliable diagnosis of T2-type asthma.[11] Coordinated
research efforts for improved phenotyping will provide safe, effective biomarker-driven approaches to managing severe allergic
asthma therapy.

Therapeutic Interventions for Severe Allergic Asthma

Introduction

Over the past decade, as severe asthma has been recognized as a heterogeneous disease, the treatment approach has changed
from "one size fits all" to personalized therapy.[11,12,21] Anti-inflammatory drugs can control asthma in the majority of patients, but
there is a subpopulation of patients with severe allergic asthma in whom standard therapies do not work.[32]

Monoclonal antibodies (mAbs) targeting IgE, such as omalizumab, offer therapeutic options for these patients with uncontrolled
severe allergic asthma. Recent findings show that anti-IgE treatment ameliorates airway remodelling (changes often observed in

allergic severe asthma phenotypes).[5] Other mAbs targeting IL-5, such as mepolizumab and reslizumab, are also in use or will
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allergic severe asthma phenotypes).[5] Other mAbs targeting IL-5, such as mepolizumab and reslizumab, are also in use or will
soon be used in severe eosinophilic asthma.[44] Additional targeted agents for severe asthma are under development.

Treatment Overview

Guidelines from GINA that classify asthma by severity and extent of disease control, updated in 2017, provide recommendations
for managing patients with asthma (Figure 6 and Table 5).[12]In both adults and children, asthma has been traditionally classified
by either symptom severity or the extent of disease control achieved using a stepwise management process, in which patients are
grouped into one of four or five categories that are used to determine treatment requirement with controller drugs.[11] These are
outlined in Figure 1 and Table 1.[12] Drugs include inhaled corticosteroids, long-acting β2-adrenergic receptor agonists (LABAs),
long-acting muscarinic antagonists (LAMAs), leukotriene receptor antagonists (LTRAs), theophyllines, and -- for the most severe
disease -- mAbs targeted to IgE and IL-5.[12] Bronchial thermoplasty and anti-IL-5 are among the more recent additions to the
treatments available for some patients with severe asthma. Tiotropium, a LAMA, by soft-mist inhaler is an add-on treatment for
patients with a history of exacerbations, but it is not indicated in patients younger than 18 years.[11]

Figure 6. Stepwise Approach to Control Symptoms and Minimize Future Risk

Tiotropium is not for children <12 years. For children 6–11 years, the preferred Step 3 treatment is medium dose ICS.[12] 
ICS = inhaled corticosteroid; IgE = immunoglobulin E; IL-5 = interleukin 5; LABA = long-acting β2-adrenergic agonist; LTRA
= leukotriene receptor antagonist; OCS = oral corticosteroids; SABA = Short-acting beta 2-agonist.

Table 5. Inhaled Corticosteroid Doses for Adults, Adolescents and Children Aged 6 to 11 Years
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Source: Global Initiative for Asthma.[12] 

CFC = chlorofluorocarbon propellant; DPI = dry powder inhaler; HFA = hydrofluoroalkane propellant; n.a. = not applicable.

Conventional bronchodilatory and anti-inflammatory therapy can help manage asthma and reduce dependency on inhaled short-
acting β-agonist (SABA) bronchodilators for symptom relief, but they do not modify the underlying disease mechanisms of severe
asthma.[11, 21] More detailed GINA Step 5 treatment for patients with persistent symptoms or exacerbations despite correct
inhaler technique and good adherence are shown in Table 6.

Table 6. Add-On Treatment Options for Persistent Symptoms or Exacerbations

Add-On Treatment Options

Tiotropium: patients 12 years and older
Anti-IgE (omalizumab): patients 6 years and older with severe allergic asthma
Anti-IL-5 (SC mepolizumab, IV reslizumab): patients 12 years and older with severe eosinophilic asthma
Sputum guided treatment
Bronchial thermoplasty: adult patients
Low dose oral corticosteroids (≤7.5 mg/day prednisone equivalent): adult patients

Source: Global Initiative for Asthma.[12] 

IgE = immunoglobulin E; SC = subcutaneous; IV = intravenous; IL = interleukin; OCS = oral corticosteroid.

Determining the phenotype of severe asthma is useful in choosing add-on, targeted treatments for asthma that can have disease-
modifying effects (Figure 7). In severe allergic asthma, newer treatments target IgE, while in severe eosinophilic asthma they
target IL-5.[21] This article will focus primarily on severe allergic asthma and the role of IgE.

Figure 7. Severe asthma phenotypes and targeted treatments[21]
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Figure 7. Severe asthma phenotypes and targeted treatments[21]

IgE = immunoglobulin E, IL = interleukin; FeNo = fractioned exhaled nitric oxide

The anti-IgE inhibitor omalizumab is a biologically engineered, humanized recombinant monoclonal antibody that binds to free IgE
to prevent an IgE-receptor interaction on immune cells and subsequent initiation of an allergic response.[45] Omalizumab inhibits
the interaction between IgE and the high-affinity IgE receptor (FcϵRI), preventing the activation of mast cells and basophils, and
blocks IgE binding to CD23 on B cells and antigen-presenting cells.[46] Studies of omalizumab Fab binding in solution illustrate
the allosteric basis for FcϵRI inhibition and, together with the structure, show how omalizumab can actively dissociate IgE from
FcϵRI, and use the intrinsic flexibility and allosteric potential of IgE.[46] Recent research shows that omalizumab suppresses the
inflammatory airway response and markers of remodeling in allergic asthma and downregulates bronchial smooth muscle
proteins in severe asthma.[5,45]

Eosinophilia is a defining feature of the airway inflammation observed in asthma. It is strongly associated with the severe, adult-
onset asthma phenotype, in which eosinophilia can persist despite the use of high-dose corticosteroids. The Th2 cytokine IL-5
plays a central role in eosinophil biology by inducing the proliferation and differentiation of eosinophils in the bone marrow. It also
plays a role in the migration of eosinophils from the bone marrow to the blood and to sites of inflammation.[47]

IL-5 can be targeted by blocking antibodies (eg, mepolizumab and reslizumab) or its receptor (IL-5 receptor α; benralizumab).[44]

Mepolizumab and reslizumab can effectively reduce exacerbations in patients with severe asthma with increased eosinophils in
sputum.[44] In a phase 3 study, benralizumab, which targets the IL-5 receptor rather than the cytokine, has also shown clinically
relevant benefits vs placebo, on oral glucocorticoid use and exacerbation rates in patients with severe asthma.[48]

Bronchial thermoplasty, a nonpharmacological intervention developed for the treatment of moderate to severe asthma, involves
the delivery of radio frequency energy to the airways.[49] The technology involves modest improvements in asthma quality of life
questionnaire scores and clinically worthwhile reductions in severe exacerbations and emergency department visits in the year
post-treatment, which may persist for up to 5 years.[49]

Current Evidence for Anti-IGE Therapy

Anti-IgE therapy with omalizumab has shown efficacy in adolescents and adult patients with severe allergic asthma. Evidence
suggests that anti-IgE treatment may remain effective long after it has been discontinued in patients treated for at least 5 years.[5]

Clinical Trials in Adults

Omalizumab was approved in 2005 by the European Medicines Agency (EMA) as add-on therapy for individuals 12 or older with
severe persistent allergic asthma who have a positive skin test or in vitro reactivity to a perennial aeroallergen, reduced lung
function (FEV1 <80%), as well as frequent daytime symptoms or night-time awakenings and multiple documented severe asthma
exacerbations, despite daily high-dose inhaled corticosteroids (ICS), plus a long-acting inhaled beta2-agonist.[50] Omalizumab
therapy is well tolerated and significantly improves symptoms and disease control, reducing asthma exacerbations and the need
to use high dose ICS.[5, 21,50]

The INNOVATE study that included 419 patients was specifically designed to evaluate the efficacy and safety of add-on therapy
with omalizumab in severe persistent asthma who are inadequately controlled despite best available therapy.[51] Compared with
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placebo, omalizumab significantly reduced the rate for severe asthma exacerbation (0.24 vs 0.48; P=.002) and the rate of total
emergency visits for asthma (0.24 vs 0.43; P=.038). Asthma Quality of Life Questionnaire (AQLQ) scores (overall and individual
domains) favored omalizumab, with a significantly greater proportion of patients receiving omalizumab achieving a clinically
meaningful (>0.5-point) improvement from baseline compared with placebo recipients (61% and 48%, respectively; P=.08).[51]

A recent Cochrane analysis of clinical trials showed that individuals with moderate or severe asthma who receive omalizumab are
2.5 times more likely to be able to withdraw their inhaled corticosteroid completely,[52] although this is not regarded an important
target of treatment in adults and remains a subject of controversy.

Clinical Trials in Children

In 2009, the EMA approved omalizumab for asthmatic children who were 6 years or older, as add-on therapy to improve asthma
control in patients with severe persistent allergic asthma who have a positive skin test or in vitro reactivity to a perennial
aeroallergen, frequent daytime symptoms or night-time awakenings and multiple documented severe asthma exacerbations,
despite daily high-dose inhaled corticosteroids, plus a LABA.[50]

There have been several trials conducted in children with uncontrolled asthma. In a study of 627 children aged between 6 and 12
years with moderate to severe allergic asthma uncontrolled with medium/high dose ICS with or without other controller
medication, omalizumab therapy significantly reduced the rate of exacerbations during a 24-week fixed corticosteroid phase and
the efficacy was maintained over the entire 52-week treatment period compared with placebo.[53] Another study showed a similar
efficacy in patients with severe persistent allergic asthma who remained symptomatic despite receiving high-dose ICS and
LABAs.[54]

Study 010 -- which included 334 children aged 6 to 12 years with well-controlled, moderate to severe allergic asthma --
demonstrated that compared with placebo, 28 weeks of therapy with omalizumab reduced corticosteroid use (median percentage
reduction of ICS dose, 100% vs 66.7% placebo) and increased the number of patients who could stop corticosteroid use
completely (55% vs 39%).[55] During the steroid-reduction phase, fewer participants in the omalizumab group had asthma
exacerbation episodes (18.2% vs 38.5%), and the mean number of episodes per patient was smaller than with placebo (0.42 vs
2.72). Both investigator and patient-related Global Evaluation of Treatment Effectiveness results favored omalizumab. In the 24-
week, open-label extension trial of this study, patients continued on omalizumab or were switched from placebo to omalizumab.
[56] The large majority, 81.4%, of patients did not require any concomitant asthma medication and 55% did not experience an
exacerbation over the entire study period. Despite a high degree of ICS dose reduction compared with baseline values, FeNO
levels were significantly reduced in children receiving continuous omalizumab therapy and in those who switched from placebo to
omalizumab.[45]

The National Institute of Allergy and Infectious Diseases' Inner-City Asthma Consortium revealed that omalizumab improved
asthma control and also reduced the proportion of children who had 1 or more exacerbations and reduced ICS dose required to
maintain asthma control compared with placebo.[57] In a post-hoc analysis, compared with placebo, children who receive
omalizumab experienced fewer seasonal peaks in exacerbations, including those outside of the pollen season (10.2% to 6.1%).
[58] The medication had a positive effect on symptoms (Table 7).

Table 7. Effects of Omalizumab on Number of Days With Asthma Symptoms

 No. of Days With Asthma-Related Symptoms for 2 Wk
Preceding Visit

Wheezing Interference With
Activity

Nighttime Sleep
Disruption

Placebo 1.96 1.76 0.98 0.59

Omalizumab 1.48 1.32 0.70 0.42

P-value <.001 .001 .003 .02

Source: Busse WW, et al.[58]

A randomized trial of 478 children (6-17 years) with persistent allergic asthma for at least one year also showed that adding
omalizumab before returning to school to ongoing guidelines-based care among inner-city youth reduces autumn asthma
exacerbations, particularly among those with a recent exacerbation.[59]

Treatment Duration

There is a debate about how long treatment with omalizumab should continue. Several clinical trials have demonstrated the
effectiveness of omalizumab in patients with severe allergic asthma, but the treatment period has always been relatively short, 4
to 12 months.[60] Studies have shown that long-term therapy with omalizumab for up to 3 years was well tolerated with significant
improvement in symptoms and lung functions.[60] A real-life study in individuals with severe asthma shows that the positive



22/07/2017 www.medscape.org/viewarticle/879333_print

http://www.medscape.org/viewarticle/879333_print 16/21

improvement in symptoms and lung functions.[60] A real-life study in individuals with severe asthma shows that the positive
omalizumab response remained stable for over 60 months.[61] Long-term omalizumab treatment may lead to discontinuation of
some associated medications and to a slowing down of FEV1 decline.[61]

A study investigated the long-term efficacy of 6-year-therapy with omalizumab in 18 patients with severe IgE-mediated asthma 1
year and 3 years after the withdrawal of omalizumab.[20] In both cases, the authors documented the stabilization of the asthma-
related symptoms, similar to that observed during the treatment period with omalizumab, as well as the downregulation of
basophil allergen sensitivity.

Real-World Experience and Impact

Evidence from the real world shows that omalizumab can perform similarly or better than it did in clinical trials.[62-67] In the APEX
II study of 218 adult patients with severe persistent allergic asthma, omalizumab produced a response rate of 82.4% at 16 weeks.
[67] Treatment decreased the mean daily dose of OCS by 1.61 mg/patient/day (P<.001) and hospital exacerbations decreased by
0.97 exacerbations/patient (P<.001). Compared with baseline, lung function assessed by percentage of FEV1, improved by 4.5%
at 16 weeks (P<.001; maintained at 12 months) (Figure 8) and patient quality of life (Asthma Quality of Life Questionnaire)
improved by 1.38 points at 16 weeks (P<.001).[67]

Figure 8. Impact of omalizumab on lung function.[67]

Mean difference for assessments at 16-week, 8-month and 12-month post-omalizumab compared with baseline for the
intention to treat population; paired t-test, P<.001 for each.
CI = confidence interval; FEV1 = forced expiratory volume in 1 second.

The eXpeRience registry involving 943 patients with uncontrolled persistent allergic asthma showed that 69.9% of patients in the
real world responded to omalizumab after 16 (±1) weeks.[62] The proportion of patients with no clinically significant exacerbations
increased from 6.8% during the 12-month pretreatment period to 54.1% and 67.3% at months 12 and 24, respectively.
Omalizumab reduced symptoms and rescue medication use at month 24 by more than 50% from baseline. Maintenance OCS
use was lower at month 24 (14.2%) compared with month 12 (16.1%) and baseline (28.6%).[62]

In a study of 45 patients (mean age 44.9 years) who received omalizumab for an average duration of 60.7 months, omalizumab
reduced the annual acute asthma-related hospital admissions for the total population from 207 at baseline to 40 on treatment
(80.7% reduction) and reduced the per patient annual hospitalizations from a mean of 4.8 to 0.89 post-omalizumab treatment
(P<.00001).[63]
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In an observational study from the United Kingdom involving 34 children with severe asthma who received omalizumab, the
median OCS dose was reduced from 20 to 5 mg/d (P<.0001), the median mini-AQLQ score significantly increased from 2.3 to 5.2
(P=.0078), the median ACT score significantly increased from 11 to 18 (P=.0021), and the median FEV1 significantly increased
from 1.8 to 2.1 L (P=.0058). [64]

In an observational study of 104 children in a pediatric pulmonary tertiary care centers in France, omalizumab improved asthma
control in children with severe allergic asthma with a benefit greater than that reported in clinical trials.[65] Asthma control levels
(defined as good, partial, or poor) improved from 0%, 18%, and 82% at entry to 53%, 30% and 17% at week 20, and to 67%, 25%
and 8% at week 52, respectively (P<.0001). Exacerbation and hospitalization rates dropped by 72% and 88.5%, respectively. At
12 months, FEV1 improved by 4.9% (P=.023), and ICS dose decreased by 30% (P<.001). Six patients stopped omalizumab for
related significant adverse events.[65]

The Prospective Study to Evaluate Predictors of Clinical Effectiveness in Response to Omalizumab or PROSPERO showed that
omalizumab may improve lung function.[68] The predicted FEV1 had increased 9.8% in patients who received omalizumab
compared with 6.8% among patients receiving placebo (P=.035), although the clinical significance of this is unclear.[69] Over 12
months of one study, exacerbations among the children receiving omalizumab were reduced by 83.6% compared with the
previous 12-month period.[66]

A recent real-life study showed that long-term maintenance treatment with omalizumab for up to nine years is associated with
continued benefits in reducing symptoms, exacerbations and medication burden without any safety concerns.[70] After 9 years,
there were no safety concerns for continued use of omalizumab, and no asthma-related hospitalizations or emergency
department visits were documented over the last 5 years.[70]

The mean total annual costs of patients with uncontrolled asthma has been estimated to be 2 times greater than the costs of
uncontrolled asthma.[71]

Safety of Omalizumab

Similar to other monoclonal antibody drugs, omalizumab carries a risk of anaphylaxis, estimated between 0.09% and 0.2%, but it
is relatively low compared to other antibody drugs.[12,72] In clinical trials, omalizumab is generally well tolerated in adults and
children. The most common side effects of anti-IgE therapy are injection site reaction.[52] Omalizumab appears to have no signal
of adverse events during pregnancy,[73] however most authorities do not recommend continued use at this time.

Future Treatment Options

The use of cluster analyses such as those reported by the Severe Asthma Research Program and the incorporation of high-
throughput genomics and proteomics have led to a paradigm shift in characterization of asthma subgroups that might differentially
respond to novel therapies.[74] In addition to omalizumab, a number of novel agents are under development for asthma and a
wide variety of targets are being investigated (Table 8).[44]

Table 8. Current and Emerging Targeting Therapies in Severe Asthma

T2-High T2-Low
Eosinophilic Neutrophilic Paucigranulocytic

High eNO 
High periostin 
Steroids 
Anti-IgE 
Anti-IL-5 
Anti-IL-4/IL-13 
Anti-IL-13 
Anti-TSLP 
Anti-IL-33 
CRTH2 antagonists

Steroid resistant 
Macrolides 
CXCR2 antagonists 
Anti-TNF 
Anti-IL-1 
Inflammasome inhibitors 
Anti-IL-17/23 
P38 MAPK inhibitors 
PDE4 inhibitors

Steroid resistant 
LAMA 
LABA/LAMAs 
LABA/LAMA/ICS 
Bronchial thermoplasty

CRTH2 = chemoattractant receptor-homologous molecule expressed on Th2 cells; CXCR2 = CXC chemokine receptor type
2; eNO = exhaled nitric oxide; IL = interleukin; LABA = long-acting β2-adrenergic agonist; LAMA = long-acting muscarinic
antagonist; MAPK = mitogen-activated protein kinase; PDE4 = phosphodiesterase 4; TNF = tumor necrosis factor; TSLP =
thymic stromal lymphopoietin.
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Conclusion

Anti-inflammatory drugs (ICS and their combination with bronchodilators) can control asthma in the majority of patients. In some
children and adults with severe allergic asthma, control is incomplete and, in these patients, monoclonal antibodies targeting IgE,
such as omalizumab, can improve respiratory symptoms and quality of life, while reducing asthma exacerbations, emergency
room visits, and the use of systemic corticosteroids in patients with severe persistent, inadequately controlled allergic asthma.
Future studies should focus on answering questions about the optimal treatment duration, optimal dosing, prototypical
phenotyping, isolation of phenotype-specific biomarkers, and identification of specific parameters that determine long-term
outcomes.[74]

Educational Impact Challenge

What did you learn from this activity? Please click on the "Next" button to proceed to a brief survey to see how your knowledge
improved after the education. You can also see how your answers compare with those of your peers.

Educational Impact Challenge

Abbreviations

ACQ = Asthma Control Questionnaire
ACT = Asthma Control Test 
AQLQ = Asthma Quality of Life Questionnaire
ATAQ = Asthma Therapy Assessment Questionnaire
BMI = body mass index
cACT = childhood Asthma Control Test 
CRTH2 = chemoattractant receptor-homologous molecule expressed on Th2 cell
CXCR2 = CXC chemokine receptor type 2
DALY = disability-adjusted life year 
EOA = early-onset asthma
EMA = European Medicines Agency 
EU = European Union
FcϵRI = high-affinity IgE receptor (Fc epsilon RI)
FeNO = exhaled nitric oxide
FEV1 = forced expiratory volume in 1 second
GERD = gastroesophageal reflux disease
GINA = Global Initiative for Asthma
HCU = health care utilization
ICS = inhaled corticosteroid
IgE = immunoglobulin E 
IL = interleukin
IV = intravenous
LABA = long-acting β2-adrenergic receptor agonist
LAMA = long-acting muscarinic antagonist
LTRA = leukotriene receptor antagonist
LOA = late-onset asthma
mAb = monoclonal antibody 
MAPK = mitogen-activated protein kinase
OCS = oral corticosteroid
OR = odds ratio 
PDE4 = phosphodiesterase 4
RAST = radioallergosorbent
SABA = short-acting β-agonist
SARP = Severe Asthma Research Program 
SC = subcutaneous
Th2 = T helper type 2
TNF = tumor necrosis factor
TSLP = thymic stromal lymphopoietin

References



22/07/2017 www.medscape.org/viewarticle/879333_print

http://www.medscape.org/viewarticle/879333_print 19/21

1. Liu AH. Revisiting the hygiene hypothesis for allergy and asthma. J Allergy Clin Immunol. 2015;136:860-865. Abstract
2. Thavagnanam S, Fleming J, Bromley A, et al. A meta-analysis of the association between Caesarean section and

childhood asthma. Clin Exp Allergy. 2008;38:629-633. Abstract
3. Huang L, Chen Q, Zhao Y, et al. Is elective caesarean section associated with a higher risk of asthma? A meta-analysis. J

Asthma. 2015;52:16-25. Abstract
4. Lang DM. Severe asthma: epidemiology, burden of illness and heterogeneity. Allergy Asthma Proc. 2015;36:418-424.

Abstract
5. Samitas K, Zervas E, Gaga M. T2-low asthma: current approach to diagnosis and therapy. Curr Opin Pulm Med.

2017;23:48-55. Abstract
6. ENFUMOSA Study Group. The ENFUMOSA cross-sectional European multicentre study of the clinical phenotype of

chronic severe asthma. Eur Respir J. 2003;22:470-7. Abstract
7. Shaw DE, Sousa AR, Fowler SJ, et al; U-BIOPRED Study Group. Clinical and inflammatory characteristics of the

European U-BIOPRED adult severe asthma cohort. Eur Respir J. 2015;46:1308-1321. Abstract
8. World Health Organization. Global prevention and control chronic respiratory disease: a comprehensive approach.

Geneva: World Health Organization; 2007. Available at www.who.int/respiratory/publications/global_surveillance/en/.
9. Bousquet J, Bousequet P, Godard P, et al. The public health implications of asthma. Bulletin of the World Health

Organization. 2005;83:548-554. Abstract
10. European Community Respiratory Health Survey. Variations in the prevalence of respiratory symptoms, self-reported

asthma attacks, and use of asthma medication in the European Community Respiratory Health Survey (ECRHS). Eur
Respir J. 1996;9:687-695. Abstract

11. Holgate S, Wenzel S, Postma D, et al. Asthma. Nat Rev Dis Primers. 2015;1:15025.
12. Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention, 2017. Available from

www.ginasthma.org. Accessed June 1, 2017.
13. Janson C, Anto J, Burney P, et al; European Community Respiratory Health Survey II. The European Community

Respiratory Health Survey: what are the main results so far? European Community Respiratory Health Survey II. Eur
Respir J. 2001;18:598-611. Abstract

14. Sunyer J, Antó JM, Kogevinas M, et al. Risk factors for asthma in young adults. Spanish Group of the European
Community Respiratory Health Survey. Eur Respir J. 1997;10:2490-2494. Abstract

15. Gaga M, Papageorgiou N, Yiourgioti G,et al; ENFUMOSA Study Group. Risk factors and characteristics associated with
severe and difficult to treat asthma phenotype: an analysis of the ENFUMOSA group of patients based on the ECRHS
questionnaire. Clin Exp Allergy. 2005;35:954-959. Abstract

16. Knudsen TB, Thomsen SF, Nolte H, et al. A population-based clinical study of allergic and non-allergic asthma. J Asthma.
2009;46:91-94. Abstract

17. Bisaccioni C, Aun MV, Cajuela E, et al. Comorbidities in severe asthma: frequency of rhinitis, nasal polyposis,
gastroesophageal reflux disease, vocal cord dysfunction and bronchiectasis. Clinics. 2009;64:769-773. Abstract

18. Selroos O, Kupczyk M, Kuna P, et al. National and regional asthma programmes in Europe. Eur Respir Rev. 2015;24:474-
483. Abstract

19. Zeiger RS, Schatz M, Chen W, et al. Adherent uncontrolled adult persistent asthma: characteristics and asthma outcomes.
J Allergy Clin Immunol Pract. 2015;3:986-990. Abstract

20. D’Amato G, Stanziola A, Sanduzzi A, et al. Treating severe allergic asthma with anti-IgE monoclonal antibody
(omalizumab): a review. Multidisciplinary Resp Med. 2014;9:23.

21. Chung KF, Wenzel SE, Brozek JL, et al. International ERS/ATS guidelines on definition, evaluation and treatment of
severe asthma. Eur Respir J. 2014;43:343-373. Abstract

22. Ten Brinke A, Sterk PJ, Masclee AA, et al. Risk factors of frequent exacerbations in difficult-to-treat asthma. Eur Repir J.
2005;26:812-818.

23. Moore WC. Meyers DA. Identification of asthma phenotypes using cluster analysis in the severe asthma research
program. Am J Respir Crit Care Med. 2010;181:315-323. Abstract

24. Haldar P, Pavord ID, Shaw DE, et al. Cluster analysis and clinical asthma phenotypes. Am J Respir Crit Care Med.
2008;178:218–224.

25. Gaga M, Zervas E, Samitas K, et al. Severe asthma in adults: an orphan disease? Clin Chest Med. 2012;33:571-583.
Abstract

26. Fitzpatrick AM, Teague WG, Meyers DA, et al. Heterogeneity of severe asthma in childhood: confirmation by cluster
analysis of children in the National Institutes of Health/National Heart, Lung, and Blood Institute Severe Asthma Research
Program. J Allergy Clin Immunol. 2011;127: 382–389.

27. De Groot JC, Ten Brinke A. Bel EH, et al. Management of the patient with esoinophilic asthma: a new era begins. ERJ
Open Res. 2015;1. Pii:00024-2015.

28. Kupczyk M, Dahlén B, Sterk PJ, et al. Stability of phenotypes defined by physiological variables and biomarkers in adults
with asthma. Allergy 2014; 69: 1198-1204.

29. Gaga M, Brand PL, Thomson NC. The quest for the grail: multidimensional efforts for understanding and targeting severe
asthma. Eur Respir J. 2015;46:1227-1231. Abstract

http://www.medscape.org/medline/abstract/26449798
http://www.medscape.org/medline/abstract/18352976
http://www.medscape.org/medline/abstract/25162303
http://www.medscape.org/medline/abstract/26534747
http://www.medscape.org/medline/abstract/27798418
http://www.medscape.org/medline/abstract/14516137
http://www.medscape.org/medline/abstract/26357963
http://www.medscape.org/medline/abstract/16175830
http://www.medscape.org/medline/abstract/8726932
http://www.medscape.org/medline/abstract/11589359
http://www.medscape.org/medline/abstract/9426084
http://www.medscape.org/medline/abstract/16008684
http://www.medscape.org/medline/abstract/19191145
http://www.medscape.org/medline/abstract/19690661
http://www.medscape.org/medline/abstract/26324809
http://www.medscape.org/medline/abstract/26282160
http://www.medscape.org/medline/abstract/24337046
http://www.medscape.org/medline/abstract/19892860
http://www.medscape.org/medline/abstract/22929103
http://www.medscape.org/medline/abstract/26521270


22/07/2017 www.medscape.org/viewarticle/879333_print

http://www.medscape.org/viewarticle/879333_print 20/21

30. Lefaudeux D, De Meulder B. U-BIOPRED clinical adult asthma clusters linked to a subset of sputum omics. J Allergy Clin
Immunol. 2016. Oct 20. Piii:s0091-6749:31185-x. [Epub ahead of print]

31. Wenzel SE. Asthma phenotypes: the evolution from clinical to molecular approaches. Nat Med. 2012;18:716-725. Abstract
32. National Asthma Education and Prevention Program. Expert Panel Report 3 (EPR-3): Guidelines for the diagnosis and

management of asthma summary report. J Allergy Clin Immunol. 2007;120(5 Suppl):S94-138.
33. Bakirtas A. Diagnostic challenges of childhood asthma. Curr Opin Pulm Med. 2017;23:27-33. Abstract
34. Bousquet J, Knani J, Henry C, et al. Undertreatment in a nonselected population of adult patients with asthma. J Allergy

Clin Immunol. 1996;98:514-521 Abstract
35. Nolte H, Nepper-Christensen S, Backer V, et al. Unawareness and undertreatment of asthma and allergic rhinitis in a

general population. Repir Med. 2006;100:354-362.
36. Vasilopoulou I, Papakaonstantopoulou. Underdiagnosis and undertreatment of asthma in children: a tertiary hospital’s

experience. Clin Transl Allergy. 2015;5(Suppl 2): P19.
37. Aaron SD, Vandemheen KL, FitzGerald JM, et al. Reevaluation of diagnosis in adults with physician-diagnosed asthma.

JAMA. 2017;317:269-279. Abstract
38. Hollingsworth HM, O’Connor GT. Asthma—here today, gone tomorrow? JAMA. 2017;317:262-263.
39. Sandeep T, Roopakala MS, Silvia CR, et al. Evaluation of serum immunoglobulin E levels in bronchial asthma. Lung India.

2010;27:138-140. Abstract
40. Mathur SM Viswanathan RK. Relevance of allergy in adult asthma. Curr Allergy Asthma Rep. 2014;14:437.
41. Van Ree R, HunnelshØj L, Plantinga M, et al. Allergic Sensitization: host-immune factors. Clin Transl Allergy. 2014;4:12.
42. Hammersley VS, Harris J, Sheikh A, et al. Developing and testing of a screening tool to predict people without IgE-

mediated allergy: a quantitative analysis of the predictive value of a screening tool. Br J Gen Pract. 2017;67:e293-e299.
Abstract

43. Alzahrani YA, Becker EA. Asthma control assessment tools. Respir Care. 2016; 61:106-116. Abstract
44. Barnes PJ. Therapeutic approaches to asthma-chronic obstructive coronary disease overlap syndromes. J Allergy Clin

Immunol. 2015;136:531-545. Abstract
45. Chipps BE, Lanier B, Milgrom H, et al. Omalizumab in children with uncontrolled allergic asthma: Review of clinical trial

and real-world experience. J Allergy Clin Immunol. 2017;139: 1431-1444. Abstract
46. Davies AM, Allan EG, Keeble AH, et al. Allosteric mechanism of action of the therapeutic anti-IgE antibody omalizumab. J

Biol Chem. 2017. [Epub ahead of print]
47. Catley MC, Coote J, Bari M, et al. Monoclonal antibodies for the treatment of asthma. Pharmacol Ther. 2011;132:333-351.

Abstract
48. Nair P, Wenzel S, Rabe KF, et al.; ZONDA Trial Investigators. Oral glucocorticoid-sparing effect of benralizumab in severe

asthma. N Engl J Med. 2017 May 22. [Epub ahead of print]
49. Bicknell S, Chaduhuri R, Thomson NC. How to: Bronchial thermoplasty in asthma. Breathe. 2014;10:49-59.
50. European Medicines Agency (EMA) Xolair (omalizumab) Summary of Product Characteristics. Available at:

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
_Summary_for_the_public/human/000606/WC500057293.pdf. Accessed June 9, 2017.

51. Humbert M, Beaskey R, Ayres J, et al. Benefits of omalizumab as add-on therapy in patients with severe persistA 2002
Step 4 treatment): INNOVATE. Allergy. 2005;60:309-316. Abstract

52. Normansell R, Walker S, Milan SJ, et al. Omalizumab for asthma in adults and children. Cochrane Database Syst Rev.
2014:CD003559.

53. Lanier B, Bridges T, Kulus M, et al. Omalizumab for the treatment of exacerbations in children with inadequately controlled
allergic (IgE-mediated) asthma. J Allergy Clin Immunol. 2009;124:1210-1216. Abstract

54. Kulus M, Hebert J, Garcia E, et al. Omalizumab in children with inadequately controlled severe allergic (IgE-medi- ated)
asthma. Curr Med Res Opin. 2010;26:1285-1293. Abstract

55. Milgrom H, Berger W, Nayak A, et al. Treatment of childhood asthma with anti-immunoglobulin E antibody (omalizumab).
Pediatrics. 2001;108e36.

56. Berger W, Gupta N, McAlary M, et al. Evaluation of long-term safety of the anti-IgE antibody, omalizumab, in children with
allergic asthma. Ann Allergy Asthma Immunol. 2003;91:182-8. Abstract

57. Gergen PJ, Teach SJ, Togias A, et al. Reducing exacerbations in the inner city: lessons from the Inner-City Asthma
Consortium (ICAC). J Allergy Clin Immunol Pract. 2016;4:22-26. Abstract

58. Busse WW, Morgan WJ, Gergen PJ, et al. Randomized trial of omalizumab (anti-IgE) for asthma in inner-city children. N
Engl J Med 2011;364:1005-15.

59. Teach SJ, Gill MA, Togias A, et al. Preseasonal treatment with either omalizumab or an inhaled corticosteroid boost to
prevent fall asthma exacerbations. J Allergy Clin Immunol. 2015;136:1476-1485. Abstract

60. Özgür ES, Özge C, Ïlvan A, et al. Assessment of long-term omalizumab treatment in patients with severe allergic asthma
long-term omalizumab treatment in severe asthma. J Asthma. 2013;50:687-694. Abstract

61. Sposato B, Scalese M, Latorre M, et al. Can the response to omalizumab be influenced by treatment duration? A real-life
study. Pulm Pharmacol Ther. 2017;44:38-45. Abstract

http://www.medscape.org/medline/abstract/22561835
http://www.medscape.org/medline/abstract/27801711
http://www.medscape.org/medline/abstract/8828528
http://www.medscape.org/medline/abstract/28114551
http://www.medscape.org/medline/abstract/20931031
http://www.medscape.org/medline/abstract/28246099
http://www.medscape.org/medline/abstract/26556901
http://www.medscape.org/medline/abstract/26343937
http://www.medscape.org/medline/abstract/28477722
http://www.medscape.org/medline/abstract/21944943
http://www.medscape.org/medline/abstract/15679715
http://www.medscape.org/medline/abstract/19910033
http://www.medscape.org/medline/abstract/20377320
http://www.medscape.org/medline/abstract/12952113
http://www.medscape.org/medline/abstract/26589178
http://www.medscape.org/medline/abstract/26518090
http://www.medscape.org/medline/abstract/23557459
http://www.medscape.org/medline/abstract/28302544


22/07/2017 www.medscape.org/viewarticle/879333_print

http://www.medscape.org/viewarticle/879333_print 21/21

 

This article is a CME certified activity. To earn credit for this activity visit:
http://www.medscape.org/viewarticle/879333

 
This website uses cookies to deliver its services as described in our Cookie Policy. By using this website, you agree to the use of
cookies.
close

62. Braunstahl GJ, Chen CW, Maykut R, et al. The eXpeRience registry: the ‘real world’ effectiveness of omalizumab in
allergic asthma. Respir Med. 2013;107:1141-1151. Abstract

63. Mansur AH, Srivastava S, Mitchell V, et al. Longterm clinical outcomes of omalizumab therapy in severe allergic asthma:
Study of efficacy and safety. Respir Med. 2017;124:36-43. Abstract

64. Brodlie M, McKean MC, Moss S, et al. The oral corticosteroid-sparing effect of omalizumab in children with severe asthma.
Arch Dis Child. 2012;97:604-609. Abstract

65. Deschildre A, Marguet C, Salleron J, et al. Add-on omalizumab in children with severe allergic asthma: a 1-year real life
survey. Eur Respir J. 2013;42:1224-1233. Abstract

66. Luskin A, Griffin NM, Waglie-Steffen A, et al. Decreased exacerbations and hospitalizations in adolescents enrolled in
PROSPERO (Prospective Observational Study to Evaluate Predictors of Clinical Effectiveness in Response to
Omalizumab). In: Proceedings from the American Thoracic Society 2017. May 19-24, 2017; Washington, DC. Abstract
5104.

67. Niven RM, Saralaya D, Chaudhuri R, et al. Impact of omalizumab on treatment of severe allergic asthma in UK clinical
practice: a UK multicenter observational study (the APEX II study). BMJ Open. 2016;6:e011857.

68. Chipps BW, Busse W, Luskin, AT, et al. Decreased asthma exacerbations and hospitalizations in PROSPERO
(Prospective Study to Evaluate Predictors of Clinical Effectiveness in Response to Omalizumab). J Allergy Clin Immunol.
2017;139: AB8.

69. Busse W, Humbert M, Stephenson P, et al. The effect of omalizumab on lung function in adolescents with moderate-to-
severe allergic asthma. In: Proceedings from the American Thoracic Society 2017. May 19-24, 2017; Washington, DC.
Abstract 5105.

70. Menzella F, Galeone C, Formisano D, et al. Real-life efficacy of omalizumab after 9 years of follow-up. Allergy Asthma
Immunol Res. 2017;9:368-372. Abstract

71. Casciano J, Dotiwala Z. Li C, Sun S. Clinical and economic burden of uncontrolled asthma and elevated eosinophil levels.
In: Proceedings from the American Thoracic Society 2016. May 13-18, 2017; San Francisco, CA.Abstract 1032.

72. Kim HL, Leigh R, Becker A. Omalizumab: practical considerations regarding the risk of anaphylaxis. Allergy Asthma Clin
Immunol. 2010;6:32.

73. Namazy J, Cabana MD, Scheuerle AE, et al. The Xolair pregnancy registry (EXPECT): The safety of omalizumab use
during pregnancy. J Allergy Clin Immunol. 2015;135:407-412. Abstract

74. Kim AS, Doherty TA. New and Emerging therapies for asthma. Ann Allergy Asthma Immunol. 2016;116:14-17. Abstract

http://www.medscape.org/viewarticle/879333
http://www.medscape.com/public/cookie-policy
javascript:euCookiePolicy.closeMessage();
http://www.medscape.org/medline/abstract/23721684
http://www.medscape.org/medline/abstract/28284319
http://www.medscape.org/medline/abstract/22685051
http://www.medscape.org/medline/abstract/23520319
http://www.medscape.org/medline/abstract/28497924
http://www.medscape.org/medline/abstract/25441639
http://www.medscape.org/medline/abstract/26707770

