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Abstract
For many years asthma has been described as
a single disease. However, asthma is a heteroge-
neous syndrome with complex pathophysiology
contributing to numerous clinical phenotypes.
Despite various treatments a large proportion of
patients remain uncontrolled or poorly con-
trolled. Understanding the underlying inflamma-
tory process in asthma is key for stratification of
patients toward personalized therapy. Recently
described inflammatory pathways include
T2-high and T2-low or non-T2 inflamma-
tion. Clinically, T2-high inflammation is
associated with atopic/allergic disease with

increased evidence of eosinophils in the airway
and the peripheral blood, whereas T2-low
inflammation is correlated with neutrophilic
or paucigranulocytic cells in the airways. Sev-
eral biomarkers have been identified for
T2-high inflammation; however, their utility
is limited. Linking the clinical phenotypes to
the underlying molecular biology will enhance
the successful development of personalized
therapies for asthma in the future.
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11.1 Introduction

Asthma is a chronic disease that affects 5–10% of
children and adults in many developed countries.
In the United States, 21.8 million people live with
asthma, and 46.9% of those report having one or
more asthma attack annually. In 2013, 1.6 million
emergency room visits displayed asthma as the
primary diagnosis. The average length of hospi-
talization for patients with asthma is 3.6 days.
An estimated US$19.7 billion dollars annually
makes asthma one of the top ten conditions
impacting healthcare costs. Despite therapeutic
advancement it is unclear why patients remain
uncontrolled or poorly controlled (Centers for
Disease Control and Prevention 2015). Although
lack of adherence to the prescribed medications is
a significant factor, asthma is a heterogeneous
disease with variability in clinical presentation.
Various attempts have been made to define phe-
notypes and evolution of asthma. Traditional clas-
sification of asthma has been associated with
common triggers such as allergens, aspirin, obe-
sity, exposure to cigarette smoke, viruses, and
exercise. Several studies have taken an unbiased
approach in analyzing variables in asthma that
provide insight into the complexity of persistent
asthma; however, it is difficult to ascertain the
clinical value. Linking the observable character-
istics to underlying molecular inflammation in the
lungs, often referred to as the endotype, is a shift
in asthma management toward individualized
therapy. In this chapter, we will discuss the clini-
cal asthma phenotypes and different mechanisms
of inflammation intrinsic to the current endotypes
of asthma defined (Fig. 1). Furthermore, we will
address the utility of point-of-care biomarkers
available for optimization of targeted therapy.

11.2 Asthma Phenotypes: Cluster
Analysis and Clinical Subgroups

Phenotype is defined as “observable characteris-
tics of an organism that are produced by the inter-
actions of the genotype and the environment”
(Phenotype). Several groups have taken a less
biased approach using cluster analysis in grouping

important variables to identify asthma phenotypes
(Table 1) (Haldar et al. 2008; Moore et al. 2007).
Taking into account steroid bursts, emergency
room visits, hospitalization, measurement of air-
way obstruction via forced expiratory volume in
1 s (FEV1), sputum eosinophils, and bronchodilator
responsiveness, several similarities were identified
in patients (Wenzel 2012). In the National Institutes
of Health-sponsored Severe Asthma Research Pro-
gram (SARP) data, early-onset asthma was associ-
ated with atopy and allergic disease (Moore et al.
2007, 2010). Interestingly, the severity of disease
did not correlate to the degree of allergen skin test
reactivity, higher IgE, or higher exhaled nitric oxide
(FeNO) which are markers of atopic disease. Rather
severity was closely linked to duration of disease,
medication use, and lung function (Fitzpatrick
et al. 2011). The children in the study had normal
weights with increased prevalence in boys before
pubescence. The correlation of early-onset asthma
to other atopic disease including allergic rhinitis
and atopic dermatitis has been confirmed by
multiple other cluster analyses. In fact, 40% of
patients with early-onset asthma have a history of
atopic dermatitis compared to only 4% of people
with adult-onset asthma (Miranda et al. 2004).

A second phenotype described is the late-onset
persistent eosinophilic asthma, characterized by a
higher degree of eosinophils in the sputum and
peripheral blood. Some individuals did have a
mixture of eosinophils and neutrophils in the spu-
tum (Hastie et al. 2010). This phenotype lacks
clinical allergy with a much less degree of family
history of asthma as observed in early-onset disease
(Wenzel 2012). Adults show greater airflowobstruc-
tionwith a decrease in bronchodilator response. This
cluster of patients displays difficult-to-control dis-
ease and more frequent asthma exacerbation
(Teague et al. 2018). A subtype of this phenotype
is aspirin-exacerbated respiratory disease (AERD)
with severe eosinophilic asthma, concurrent sinus-
itis, and nasal polyposis with severe non-IgE-medi-
ated reaction to aspirin and other cyclooxygenase-1
inhibitors (Rodriguez-Jimenez et al. 2018).

Obesity plays a role in asthma with regard to
control and severity of disease. Several studies
support the increased expression of pro-inflam-
matory cytokines like TNF-α, interleukin-6 (IL-6),
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Fig. 1 Various inflammatory patterns in the airway con-
tribute to different underlying molecular mechanism among
various cells. In T2-low pattern, a predominant neutrophilic
and paucigranulocytic inflammation is consistent with
patients who are less responsive to corticosteroid therapy.
An increase in TNF-α, IL-17, IL-23, and IL-8 is seen at the
molecular level. Innate lymphoid cells groups 1 and 3 are
more predominate in T2-low disease. Eosinophilic inflam-
mation correlates with phenotype of patients who are more
likely to respond to corticosteroids and the various biologics
currently available on the market that are FDA approved for
persistent asthma. In T2-high asthma, type 2 cytokines

including IL-4, IL-5, and IL-13 play a central role in the
underlying inflammation. IgE produced by B cells and
innate cytokines TSLP, IL-25, and IL-33 produced by the
epithelial cells are present in T2-high inflammation. PGD2,
prostaglandin D2; IFN-γ, interferon gamma; TNF-α, tumor
necrosis factor-alpha; ROS, reactive oxygen species; ILC1,
type 1 innate lymphoid cells; ILC2, group 2 innate lymphoid
cells; ILC3, group 3 innate lymphoid cells; NKT, natural
killer cells; IgE, immunoglobulin E; TSLP, thymic stromal
lymphopoietin. (Adapted from Sonnenberg et al. Nature
Immunology and Muroro et al. Journal of Allergy and
Immunology)
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and leptins in obesity (Leiria et al. 2015). Obesity-
related phenotype has an increased prevalence in
women with later-onset disease and minimal aller-
gic/atopic burden (Miranda et al. 2004; Teague
et al. 2018). Patients also have fewer eosinophils
in the sputum with diminished response to corti-
costeroid and higher burden of symptoms overall
(Wenzel 2012). A separate adult-onset phenotype
in the SARP cluster included individuals with
neutrophilic asthma. Affected individuals had
increased air trapping, lower lung function, and
thicker airway as measured by computed tomog-
raphy scans. Generally, the degree of obstruction
was not reversible. Many of the patients were on
systemic steroids with a high-intensity usage of
healthcare and economic burden (Moore et al.
2007, 2010; Teague et al. 2018).

Exercise-induced asthma (EIA) is a phenotype
that has been described for many years, typically
associated with reactive bronchoconstriction
after sustained exercise despite baseline mild
asthma. Symptoms are exacerbated by cold or
dry air. This phenotype is more common among
atopic athletes; however, no distinct genetic
factors or biomarkers have been identified.
Histamine, prostaglandins, and cysteinyl leuko-
trienes secreted by mast cells are key players in
EIA (Hastie et al. 2010; Caggiano et al. 2017).

While the various phenotypes have provided
insight into patient population with asthma, the
prognostic value in therapeutic decision is not
clear. In linking the clinical characteristics to
the underlying molecular pathway, several immu-
nomodulatory biologic therapies have emerged.
Better understanding the underlying pathophysi-
ologic mechanisms of the different phenotypes,
known as the endotype, will further advance and
guide therapeutic decisions in treating asthma.

11.3 Asthma Endotypes: The
Inflammatory Pathways
in Asthma

Two main endotypes have been described in the
asthma literature including T2 low (Th2-low) and
T2 high (Th2-high) (Wenzel 2012; Fahy 2015). In
T2 high there is an increase in eosinophils in the
sputum. On the other hand, T2-low asthma is
associated with neutrophilic or paucigranulocytic
inflammation in the sputum and airways.

11.3.1 T2-Low Asthma or Non-T2
Asthma

Neutrophilic inflammation has long been associ-
ated with refractory asthma (Alam et al. 2017).
Clinically these patients have adult-onset disease
that is less responsive to corticosteroids (Wenzel
2012). In this type of inflammation, the expression
of type 2 cytokines is absent (Liu et al. 2017;
Lambrecht and Hammad 2015). Instead, a pre-
dominance of Th1 and Th17 cells is noted with
an increased production of interleukin-8 (IL-8),
a potent neutrophil chemoattractant. Several
studies illustrate the role of IL-17 in inducing
the production of IL-8 and airway remodeling
(Lambrecht and Hammad 2015; Bellini et al.
2012). However, clinically the inhibition of
IL-17 receptor A antagonist is of little benefit in
patients with mild-to-moderate asthma (Busse
et al. 2013a). In a small preliminary study of
12 patients on CXCR2 antagonist blocking IL-8,
the sputum neutrophils decreased; however, there
was no statistical improvement of FEV1 or

Table 1 Asthma phenotypes and clinical characteristics

Natural history and clinical
characteristics

Early-onset
disease

Childhood onset with mild-to-severe
symptoms
Allergic symptoms associated with
atopy

Late-onset
disease

Adult onset with more severe disease
Increased eosinophils in sputum, less
allergic
AERD is a subgroup

Obesity
related

Adults
Females with increased oral
corticosteroid use. Nonatopic and
absence of eosinophilic inflammation

Neutrophilic
asthma

Low FEV1 with significant air
trapping. Frequent oral corticosteroid
use

Exercise-
induced

Intermittent associated with exercise

Adapted from (Wenzel 2012)

278 F. Tabatabaian



symptom scores (Barnes 2015). Hence, direct
targeting of IL-8 through its chemokine receptor
CXCR2 is of insignificant clinical value. In recent
studies, immunophenotyping patients with
Th2-/Th17-predominant asthma and Th2-/
Th17-low asthma illustrated increased expres-
sion of pro-inflammatory cytokines including
IL-1, IL-6, and C3 (Alam et al. 2017; Liu et al.
2017). Furthermore, the presence of subclinical
infection led to a pronounced infection cytokine
profile. Targeted therapy with antimicrobial
agents and IL-1 receptor antagonist are poten-
tial therapeutic interventions (Alam et al. 2017;
Liu et al. 2017). Further studies are needed to
demonstrate clinical efficacy.

Paucigranulocytic inflammation is another
subtype of T2-low endotype. In this inflammatory
process, a normal number of eosinophils and neu-
trophils are found in the sputum with no evidence
of IL-8 or type 2 cytokines (Alam et al. 2017).
Clinically, patients are resistant to corticosteroid
therapy presumably due to decreased levels of
airway inflammation. The use of long-acting
muscarinic receptor antagonist and long-acting
beta-receptor agonists is of some benefit. Many
patients in this subgroup ultimately may be can-
didates for bronchial thermoplasty to reduce air-
flow obstruction (Wilhelm and Chipps 2016).
Unfortunately, a significant challenge in both neu-
trophilic and paucigranulocytic inflammation is
the lack of reliable biomarkers. To date many of
the targeted therapies have not proven effective.

11.3.2 T2-High Asthma

T2-high inflammation is central to allergic dis-
ease. As described earlier, childhood- or early-
onset asthma is associated with atopic disease
with increased eosinophils in the sputum and air-
way. Clinically this phenotype of patients is cor-
ticosteroid responsive. However, the degree of
response may be variable (Woodruff et al. 2007,
2009). Haldar and colleagues used the epithelial
brushings of asthma patients who were corticoste-
roid naïve to illustrate an increased level of IL-5
and IL-13 messenger RNA in subjects with
increased atopy suggestive of T2-high asthma

compared to those with T2-low asthma (Haldar
et al. 2008). T2-high inflammation is a complex
pathway between innate and adaptive immune
response. This inflammatory process begins with
the differentiation of uncommitted naive T cells
toward Th2 cells under the stimulation of local
cytokines and co-stimulatory molecules on den-
dritic cells (Fig. 2). The initial activation of Th2
cells and innate lymphoid cell type 2 (ILC2) is via
innate cytokines IL-33, IL-25, and thymic stromal
lymphopoietin (TLSP) that are secreted by the
airway epithelial cells induced by external stimuli.
The master regulator of T2 inflammation is the
transcription factor GATA-3 which is required for
the development and function of Th2 and ILC2.
Th2 cells contribute to the production of type
2 cytokines which include IL-4, IL-5, and IL-13.
ILC2s are an alternative source of IL-5 and IL-13.
ILC2s do not express any phenotypic markers of
dendritic or conventional lymphocytes. The con-
tinuous accumulation of type 2 cytokines is key
for stimulation of eosinophils, mast cells, and
basophils. Type 2 cytokines also cause mucous
cell hyperplasia and fibrosis leading to airway
remodeling. IL-4 and IL-13 are both involved in
class switching of naïve B cells toward synthesis
of immunoglobulin E (IgE). IL-5 is important for
the survival of eosinophils and chemotaxis from
blood vessels into the airway (Fahy 2015;
Tabatabaian et al. 2017).

Several targets have been examined for down-
regulation of T2-high inflammation. These medi-
ators and cytokines include IgE, IL-5, IL-4, IL-13,
IL-4 receptor alpha, TSLP, and chemoattractant
receptor-homologous molecules on T2 cells
(CRTH2) (Tabatabaian et al. 2017). Antagonists
targeting IgE, IL-5, and IL-5 receptors are FDA
approved for use in severe persistent asthma
(Table 2). The challenge remains in identifying
the right patient for these therapeutic interven-
tions. Hanania et al. in a retrospective study used
biomarkers to identify possible responders to an
anti-IgE monoclonal antibody (Hanania et al.
2013). This was one of the first studies that sepa-
rated patients to T2-high versus T2-low inflam-
mation. Identification of biomarkers in T2-high
inflammation can help guide the choice of therapy
and assess responsiveness.
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11.3.3 Biomarkers in T2-High
Inflammation

Biomarkers have long been used as a surrogate for
diagnosis and to assess disease progression as
well as responsiveness to therapy. Examples of
biomarkers include hemoglobin A1C (HgA1C)
which is used to diagnose diabetes. In T2-low
asthma, the development of biomarkers is much
needed and is currently underway. A recent pub-
lication evaluated the role of sputum-to-serum
hydrogen sulfide ratio in neutrophilic airway

inflammation and association with asthma exac-
erbations (Suzuki et al. 2018). On the other hand,
in T2-high asthma, a few biomarkers have
been identified to help facilitate selection of
patients that would likely respond therapeutically
to FDA-approved biologics for severe persistent
asthma (Busse et al. 2013b). These include blood
and sputum eosinophils, periostin, IgE, and frac-
tional exhaled nitric oxide (FeNO). Unfortunately,
these biomarkers are not adequate for identifica-
tion of early-onset asthma, nor are they all avail-
able at bedside for clinical use. Nevertheless, they

Fig. 2 Avery complex interplay of various cytokines and
inflammatory cells is central in T2-high inflammation.
Airway epithelial cells activated by environmental stimuli
produce innate cytokines TSLP, IL-25, and IL-33. These
innate cytokines contribute to the expression of GATA-3, a
master regulator and transcription factor, in both Th2 and
ICL2, subsequently enhancing the production of type
2 cytokines. Secretion of IL-5 stimulates the production

of eosinophils in the bone marrow and elicits the migration
of eosinophils to the area of inflammation. IL-5 and IL-13
contribute to smooth muscle changes and remodeling
changes. IL-4 contributes to IgE class switching in B
cells. TSLP, thymic stromal lymphopoietin; PGD2,
prostaglandin D2; CRTH2, chemoattractant receptor-
homologous molecule expressed on TH2 cells; GATA-3,
transcription factor
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do provide some insight to the type of inflamma-
tion that might be involved.

11.3.3.1 Eosinophils
Several studies have illustrated that persistent or
poorly controlled asthma with increased exacer-
bation is associated with increased blood or spu-
tum eosinophils (Pavord et al. 2012; Berry and
Busse 2016). Clinically it is difficult to measure
eosinophils in the sputum; however, obtaining
peripheral blood eosinophils is relatively easy.
While peripheral blood eosinophilia is not an
optimal surrogate for airway eosinophils, it is
suggestive of T2-high inflammation. In a large
UK cohort, patients with peripheral blood eosin-
ophil counts of 400 cell/μl or greater had poor
asthma control and experienced worse asthma
exacerbation compared to those patients with
blood eosinophil counts less than 400 cells/μl
(Price et al. 2015). Current research is underway
for other markers of eosinophils that might be
useful. Eosinophil peroxidase (EPX), an eosino-
phil granule protein in the sputum, seems to
correlate with respiratory disease activity. Mea-
surement of nasal and pharyngeal EPX using a
bioactive paper strip is a promising tool to use at
bedside to measure the burden of eosinophils in the
lungs (Tabatabaian et al. 2017; Rank et al. 2016).

11.3.3.2 Fractional Exhaled of Nitric
Oxide (FeNO)

In the lung,the oxidation of amino acid L-arginine
via nitric oxide synthase produces nitric oxide
(NO). A variety of cells including epithelial
cells, macrophages, mast cells, neutrophils, and
endothelial cells produce various forms of nitric
oxide synthase. In particular, the epithelial cells
lining the airway and alveoli express a high quan-
tity of inducible nitric oxide synthase (iNOS).
Both IL-4 and IL-13, prominent in T2-high
inflammation, contribute to increased expression
of iNOS leading to production of NO. Hence, the
measurement of FeNO is a noninvasive biomarker
reflective of T2-high asthma that is easily obtain-
able (Hanania et al. 2013; Tabatabaian and
Ledford 2018). Current available analyzers for
the measurement of NO concentration in the
lungs include NIOX MINO, NIOX VERO

(Aerocrine, Stockholm, Sweden), and NO Breath
(Bedfront Scientific LtD, Kent, UK).

For clinical use, guidelines by the American
Thoracic Society propose FeNO <25 ppb in
adults and <20 ppb in children as normal (Dweik
et al. 2011). In adults, a FeNO >50 ppb is more
responsive to inhaled corticosteroids (ICS). A
decrease in FeNO is observed within 1 week of
therapy (Mehta et al. 2009). Non-compliance or
decreased corticosteroid responsiveness should be
considered if FeNO remains >50 ppb in adults
(>35 ppb in children) despite ICS use (Dweik
et al. 2011). In children, a FeNO >49 ppb within
4 weeks of ICS discontinuation is associated with
an increase in asthma exacerbations (Pijnenburg
et al. 2005). In a Cochrane review of adjustment
of asthmamedication based on FeNO levels in both
adult and children, a reduction in FeNO was not
associated with improvement of daily symptoms
but rather a reduction in asthma exacerbations
(Petsky et al. 2016). Several studies have demon-
strated that patients with severe persistent asthma
with higher FeNO had greater reduction in asthma
exacerbation with treatment of anti-IgE monoclo-
nal antibody (omalizumab) compared to those
with lower FeNO levels (Hanania et al. 2013;
Mansur et al. 2017). In a recent study observing
a biologic inhibiting IL-4 and IL-13, suppres-
sion of FeNO was observed in the treated group
compared to placebo by week 2 of therapy
(Rabe et al. 2018). Interestingly, the anti-IL-5
biologics have not demonstrated much effect
on FeNO (Haldar et al. 2009). A host of envi-
ronmental factors impact the level of FeNO
measured. Spirometry and exercise prior to mea-
suring FeNO contribute to transiently lower
levels. Use of ICS, systemic steroids, leukotriene
receptor antagonist, smoking, and obesity are
associated with lower FeNO. High-nitrate foods
falsely increase FeNO. In adults, males have
higher FeNO compared to females. In children,
FeNO increases at a rate of 5% per year attributed
to height increase (Berry and Busse 2016).
Despite the various factors that affect the mea-
surement of FeNO, it serves as a clinical bio-
marker in T2-high inflammation and potentially
predicts response to targeted T2-high asthma
biologics.
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11.3.3.3 Periostin
Periostin is another marker of T2-high inflamma-
tion secreted by airway epithelial cells and
fibroblast in response to IL-13. Periostin gene
expression is increased in the airway of those
with asthma (Corren et al. 2011). Hanania et al.
demonstrated a 30% reduction in asthma exacer-
bation in the high-periostin group (>50 ng/ml
at baseline) compared to 3% reduction in
low-periostin group (<50 ng/ml at baseline) of
those treated with anti-IgE monoclonal antibody
(Hanania et al. 2013). Treatment with IL-13
antagonist showed greater improvement in FEV1
in subjects with higher baseline periostin com-
pared to those with lower periostin (Corren et al.
2011). Serum periostin is a good biomarker of T2
inflammation; however, the assay to measure it at
bedside is not commercially available.

11.3.3.4 Serum IgE
Sensitization to aeroallergens and increased
serum total IgE is a risk factor for allergic asthma.
In pediatric cohorts, children with severe asthma
had higher serum IgE and increased aeroallergen
sensitization (Fitzpatrick et al. 2011). The pro-
cessing of antigens by dendritic cells and presen-
tation to naïve T cells shift the inflammatory
pathway toward T2-high inflammation (Fig. 2).
Th2 shift contributes to class switching of B cells
and production of specific IgE. IgE bound FcεRI,
the high-affinity IgE receptor, and cross-links the
receptors initiating a signaling cascade of mast
cell degranulation releasing histamine, leukotri-
enes, and other inflammatory factors. IgE also
activates eosinophils, basophils, macrophages,
and airway smooth muscles via FcεRI receptor
to produce pro-inflammatory cytokines involved
in tissue remodeling (Pelaia et al. 2017). Anti-IgE
monoclonal antibodies decrease blood eosino-
phils and asthma exacerbations.

11.3.4 Biologics Targeting T2-High
Inflammation

Early-onset asthma is a phenotype linked to atopy
and allergic sensitization. In fact, 70% of patients
with asthma have an allergic phenotype. IgE is

an integral part of allergic asthma. The first bio-
logic approved for asthma in the United states
was omalizumab (Xolair; Genentech USA, Inc.
and Novartis Pharmaceuticals Corporation).
Omalizumab is a humanized monoclonal anti-
body with specificity for the IgE molecule.
This drug also downregulates the high-affinity
IgE receptor (FCεRI) on eosinophils, basophils,
circulating dendritic cells, and mast cells (Fig. 3)
(Humbert et al. 2014). Treatment with omalizumab
reduces asthma exacerbation, use of ICS, and over-
all symptoms (Table 2). In clinical trials, improve-
ment of lung function is less evident with the use of
omalizumab (Humbert et al. 2014). Subjects with
elevated T2-high biomarkers, including blood
eosinophils and FeNO, seem to benefit most from
this therapy (Hanania et al. 2013). In one study,
peripheral eosinophil count of 300 cells/μl or more
predicts a favorable response to omalizumabwith a
60% drop in asthma exacerbations (Busse et al.
2013b). In the United States, omalizumab is
approved as add-on therapy for moderate-to-severe
persistent allergic asthma in children 6 years and
older (XOLAIR).

As described above, patients with elevated
peripheral and sputum eosinophils have increased
asthma exacerbations and overall poorly con-
trolled asthma. A key cytokine in T2-high inflam-
mation is IL-5. Eosinophils require the presence
of IL-5 for growth, differentiation, and migration
into the airways. To date, three monoclonal
antibodies have been FDA approved that effect
IL-5 which include mepolizumab, reslizumab,
and benralizumab (Table 2). Mepolizumab is a
humanized monoclonal antibody that binds to
IL-5. Flood-Page and colleagues, in an initial
double-blind, placebo-controlled study, evaluated
patients with uncontrolled moderate-to-severe
asthma despite an inhaled corticosteroid treatment
(Flood-Page et al. 2007). Those treated with
mepolizumab showed significant improvement
in rate of exacerbations, lung function, and overall
quality of life. The authors also found a drop in
the number of blood and sputum eosinophils in
the mepolizumab group. Ortega and colleagues,
in a randomized double-blind study, compared
mepolizumab 75 mg IV or 100 mg sub-q to pla-
cebo administered every 4 weeks for a total of
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32 weeks in subjects with recurrent asthma exac-
erbations and eosinophilic inflammation. Initial
entry did require subjects to have peripheral
eosinophil count of 150 cells/μl or greater than
300 cells/μl in the previous year. Compared to
placebo both active groups had an overall 50%
reduction in asthma exacerbation, 100 ml improve-
ment in FEV1, better asthma quality of life scores,
and a decrease in both peripheral blood and sputum
eosinophils (Ortega et al. 2014). Mepolizumab is
approved in the United States as an add-on therapy
for severe persistent asthma given as a 100 mg
sub-q injection every 4 weeks in patients 12 years
and older. Individuals with higher levels of periph-
eral blood eosinophils have the greatest benefit.
Most recently mepolizumab was approved for
eosinophilic granulomatosis with polyangiitis at a
higher dose of 300mg sub-q every 4weeks (Raffray
and Guillevin 2018; NUCALA). Reslizumab is also
a humanized anti-IL-5 monoclonal antibody that
was FDA approved in 2016 as add-on therapy for
severe eosinophilic asthma. Castro and colleagues,
in two double-blindmulticenter studies with patients
between the ages of 12 and 75 and eosinophil count
of 400 cells/μl or greater, illustrated a decrease in
asthma exacerbations and significant improvement
in FEV1 in those treated with IV reslizumab 3 mg/
kg compared to placebo. All of the patients enrolled
were on ICS plus another controller therapy and had
reversibility on spirometry with use of short-acting
beta-agonist (Castro et al. 2015). Several other

studies confirmed the clinical benefit of reslizumab
in a similar patient population (Bjermer et al. 2016;
Corren et al. 2016). Compared to the other IL-5
blocking agents, reslizumab may elicit the greatest
improvement in FEV1 (Castro et al. 2015; Bjermer
et al. 2016; Corren et al. 2016). Reslizumab is
administered IV at 3.0 mg/kg over a 20- to 50-min
infusion. It does have a black box warning for a
small risk of anaphylaxis (CINQAIR). The latest
biologic approved that targets IL-5 is benralizumab.
This drug binds to the alpha (α) chain of IL-5
receptor, enhancing the antibody-dependent cell-
mediated cytotoxicity leading to apoptosis of eosin-
ophils, basophils, and eosinophil progenitors in the
bone marrow (Laviolette et al. 2013). Eosinophils
can enter tissue independent of IL-5, making the
direct effect of benralizumab more attractive. In a
phase 2b trial, Castro et al. evaluated the impact of
variable doses of benralizumab compared to placebo
in subjects with uncontrolled eosinophilic asthma.
Benralizumab was administered every 4 weeks for
the first three doses and subsequently every 8weeks.
A decrease in exacerbation occurred in treated group
compared to placebo, and those subjects with eosin-
ophil count greater than 300 cells/μl had the greatest
improvement in FEV1 (Castro et al. 2014). A sub-
sequent small study illustrated a decrease of 50% in
asthma exacerbation with one dose of benralizumab
administered during an acute ER visit over the next
12 weeks (Nowak et al. 2015). This opens the door
for a novel use of biologics in the ER to prevent

Fig. 3 Omalizumab is
humanized monoclonal
antibody that binds to IgE
and decreases serum level
of IgE. Omalizumab also
downregulates the IgE
high-affinity receptor
(FcεR1) on mast cells,
basophils, and dendritic
cells. (Adapted from
Tabatabaian and Ledford
2018)
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readmission rates and subsequent associated cost.
Benralizumab is approved as an add-on therapy for
severe persistent asthma eosinophilic phenotype in
12 years and older. It is a sub-q injection of 30 mg
every 4 weeks for the first three injections and
subsequently every 8 weeks (Fasenra). Although
direct comparisons of the biologics targeting IL-5
do not exist, no clear superiority was elicited among
the three therapies in an indirect meta-analysis
(Cabon et al. 2017). All three biologics reduce
asthma exacerbations and improve quality of life
scores. To date, the ability to clearly identify the
best therapeutic choice among the three available
IL-5 inhibitors is lacking.

An attractive target for T2-high asthma is an
IL-4 and IL-13 inhibitor. IL-4 is important for
class switching of B cells and production of IgE.
IL-13 enhances mucus production in the airway,
induces airway hyperresponsiveness, stimulates
proliferation of bronchial fibroblast, and recruits
eosinophils and basophils. Biologics targeting
IL-13 initially showed some promise. IL-13 stim-
ulates epithelial cells to produce dipeptidyl
peptidase-4 (DPP-4) and periostin. Both periostin
and DPP-4 serve as good biomarkers to predict
response to the IL-13 antagonist (Corren et al.
2011). Unfortunately, phase 2b and 3 trials of the
two drugs targeting IL-13 did not prove to be
effective in reducing asthma exacerbation or
improving asthma control (Hanania et al. 2015).
Dupilumab, a fully humanized monoclonal anti-
body directed toward the α-subunit of IL-4 recep-
tor, blocks both IL-4 and IL-13 (Wenzel et al.
2013, 2016). This drug is FDA approved in the
United States for moderate-to-severe atopic der-
matitis (DUPIXENT). It is efficacious in nasal
polyposis. In phase 2b trials, subjects with
moderate-to-severe persistent asthma on high-
dose ICS plus a long-acting beta-agonist had
a significant decrease in asthma exacerbation.
Individuals with peripheral eosinophil counts of
300 cells/μl or greater showed the most benefit
(Wenzel et al. 2016). Castro et al. in a phase 3 trial
showed dupilumab as an add-on therapy in severe
uncontrolled asthma contributes to a 65% reduc-
tion in asthma exacerbation in patients 12 years of
age or older given as sub-q injection at home
bi-weekly (Castro et al. 2018). In another study,

Wenzel and colleagues show improvement of
asthma exacerbation and pulmonary function
regardless of pretreatment eosinophil count.
However, individuals with higher peripheral
eosinophils have the greatest benefit (Wenzel
et al. 2016). Several other targets in T2-high
inflammation are under investigational review.
The therapeutic efficacies of these drugs still
need to be established.

11.4 Conclusion

Asthma is a common medical condition seen rou-
tinely in the outpatient setting by physicians and
healthcare providers. Current guidelines recom-
mend a stepwise approach in management of
asthma. Clearly, educating patients on the appro-
priate use of inhalers and ensuring compliance are
key for optimal control. Many patients still utilize
urgent care systems, the ER and hospitals for
acute asthma symptoms, suggesting lack of con-
trol in this population. By obtaining a complete
history and physical exam, providers are able to
identify the phenotype of asthma and further
define prognosis of disease. Furthermore,
addressing comorbid conditions, smoking, obe-
sity, GERD, and OSA all contribute to asthma
control. Most importantly our advancement in
understanding of the molecular inflammation or
endotypes in asthma has paved a path toward
personalized medicine. Two main endotypes T2
high and T2 low have been defined to date.
T2-low asthma is phenotypically associated
with neutrophils in the sputum, adult-onset dis-
ease, and less corticosteroid responsiveness.
Patients with neutrophilic inflammation seem
to benefit from macrolide therapy. Those with
underlying paucigranulocytic inflammation
show therapeutic relief with the use of a long-
acting antimuscarinic antagonist. Biomarkers
reflecting T2-low asthma are not available for
use at the bedside. Despite early attempts,
targeting cytokines in T2-low asthma therapeu-
tic interventions remains limited and further
investigation is needed.

On the other hand, eosinophils in the sputum,
early-onset asthma, and prior history of atopic
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disease are the phenotype that correlates with
T2-high asthma. Clinically accessible biomarkers
reflecting T2-high inflammation include total
serum IgE, FeNO, and peripheral blood eosino-
phils. In the United States andEurope, omalizumab,
reslizumab, mepolizumab, and benralizumab are
commercially available for use in uncontrolled
asthma patients with T2-high inflammation. Unfor-
tunately, the ability to predict better response to a
specific T2-high targeted therapy is lacking. Current
biomarkers are suggestive of T2 inflammation with
clinical value, but they are limited in precision.
Many uncertainties exist with the growing reper-
toire of biologics. None of them modify disease or
induce remission. Furthermore, the optimal treat-
ment duration or approach to discontinuation is
not clearly defined. Nevertheless, emerging knowl-
edge of asthma phenotypes, endotypes, and associ-
ated biomarkers is the first step toward new
therapeutic intervention offering patients precision
medicine.
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