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KEY POINTS

� An overview is provided of the current status of therapy for outlined disease states and the
role for biologic therapy in treatment.

� Current literature is reviewed regarding studied patient characteristics and the effect on
outcome in patients with asthma and urticaria.

� The need for appropriate patient phenotyping is identified and guidance on evidence-
based biologic selection is provided.
INTRODUCTION

Progress in the understanding of disease processes has provided additional therapeu-
tic targets. This progress is best exemplified by the increasing role of biologics in the
clinical armamentarium. Biologic agents are therapeutics synthesized by living organ-
isms and directed against a specific determinant.1 This article provides a focused
review of current treatment paradigms and pathophysiology for asthma and urticaria.
A table highlighting the mechanisms of action of individual therapeutics is presented
after each section in which they are introduced. The goal is to elucidate for practicing
physicians the populations in which biologics were studied for the aforementioned dis-
ease states, emphasizing characteristics to consider when selecting therapy.
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ASTHMA

Asthma is an ongoing public health concern with more than 24 million individuals,
approximately 7.3% of the total population, affected in the United States and an in-
crease in prevalence between 2001 and 2010.2,3 Total incremental cost of asthma
in the United States was estimated to be $56 billion in 2007.4 Current National Heart
Blood and Lung Association and Global Initiative for Asthma guidelines recommend a
stepwise approach to therapy.5,6 Even with adherence to guideline therapy, including
combination inhaled corticosteroids (ICS) and long-acting beta-agonist (LABA) ther-
apy, as many as 50% of patients may continue to have suboptimal control.7,8 Subop-
timal control has been associated with lower physical and mental health–related
quality of life, increased health care use, lower overall work productivity, and activity
impairment.9

Studies show that a significant amount of uncontrolled asthma can be attributed to
lack of adherence to prescribed therapy. Although approximately 60% to 70% of pa-
tients evaluated in an acute care setting fill initial prescriptions for asthma medication,
one study suggests that only 14% to 16% of patients may maintain satisfactory
(�80% medication availability) adherence over a 6-month period.10,11 Beyond inten-
tional nonadherence, failure of medication delivery may affect as many as 40% to
80% of adherent asthmatics because of inappropriate inhaler technique (noninten-
tional nonadherence).12,13 Attaining control may also be impeded by obesity, active
smoke exposure, allergies, psychiatric conditions, low socioeconomic status, as
well as other underlying health conditions.14,15 Accounting for these comorbidities still
leaves approximately 10% or less of asthmatics on appropriate therapy who continue
to have severe refractory asthma.16 Severe asthma is classified as asthma that re-
quires treatment with high-dose ICS plus a second controller and/or systemic cortico-
steroids to prevent it from becoming uncontrolled or that remains uncontrolled despite
this therapy.17 Patients with severe or difficult-to-treat asthma have higher health care
use, with research showing as much as 3 times the direct medical costs and 10 times
greater indirect medical costs compared with mild asthma.18 Taken together, these
patients may account for approximately 50% of direct expenditure on asthma care.19

Advances in the understanding of the pathophysiology of asthma have revealed that
asthma is a heterogeneous disorder.20 Multiple subgroups have been identified within
the severe asthma population, which can further be stratified into specific phenotypes
and endotypes.21 The goal of phenotyping is to correlate cellular and clinical features
with individual patient disease characteristics in an attempt to improve the choice of
therapy.22 Coinciding with the better understanding of the pathophysiology of asthma,
the advent of immunomodulatory biologic therapy has emerged as a potential treat-
ment option for individuals with severe refractory asthma. Omalizumab was the first
monoclonal antibody approved for treatment in asthmatics in 2003, followed bymepo-
lizumab in 2015, and reslizumab in March 2016. Multiple additional biologics are under
study and are likely soon to be available for use in severe asthmatics. Choosing the
optimal individual biologic requires a thorough understanding of the severe asth-
matic’s clinical characteristics and correlating with the patient’s phenoendotype.

ASTHMA PHENOTYPING

The severe asthma phenotype characteristically has a reduced or refractory response
to corticosteroid therapy.23 Although there is no current biomarker to definitively delin-
eate this group of individuals and classification depends on clinical course, to optimize
the likelihood of clinical efficacy of biologic therapy additional phenotyping is required.
Many different phenotypes of asthma have been described, including classifications
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stratified by causal or trigger factor, type of airflow obstruction, severity and response
to treatments, radiological findings, or nature of airway inflammation.23 A definitive
method of classifying asthma phenotypes has not gained a consensus.24

Cluster analysis has been used in an attempt to classify underlying asthma pheno-
types because of its ability to quantify similarity between individuals and use these
metrics to create distinct populations in a less biased form.25 In a 2008 study by Haldar
and colleagues,25 4 clusters were identified in 187 refractory asthmatics receiving spe-
cialty care:

1. Early-onset atopic asthma with evidence of airway dysfunction and eosinophilic
airway inflammation.

2. Obese subgroup with female preponderance with evidence of asthma symptoms
but absence of eosinophilic airway inflammation.

3. Early-onset, symptom-predominant group with minimal eosinophilic disease.
4. Eosinophilic inflammation-predominant group with few symptoms, late-onset dis-

ease, and a greater proportion of men.

Cluster analysis was performed by Moore and colleagues26 in the Severe Asthma
Research Program (SARP) cohort, including 726 subjects diagnosed with severe re-
fractory asthma. In this group, 5 distinct clusters were identified:

1. Early-onset atopic asthma with normal lung function treated with 2 or fewer
controller medications.

2. Early-onset atopic asthma and preserved lung function but with increased use of
medication and health care use.

3. Older obese women with late-onset nonatopic asthma, frequent oral corticosteroid
use, and moderate reductions in forced expiratory volume in 1 second (FEV1).

4. and 5. Severe airflow obstruction with bronchodilator responsiveness is shared be-

tween the groups.
However, cluster 4 had more frequent childhood onset and atopic disease with an
equal gender distribution. Cluster 5 had the longest duration of asthma and a female
predominance with the most severe airflow limitation at baseline and retained obstruc-
tion even after use of a bronchodilator.
The prognostic value of cluster analysis in the phenotyping of severe asthma is

unclear. A subsequent analysis evaluating 4 of the SARP clusters showed no differ-
ence in asthma control–related outcomes, including exacerbation rate, time to first
exacerbation, and treatment requirements.27 The goal of identifying distinct groups
is to correlate these with unique pathophysiologic mechanisms of disease to guide
treatment decisions.22 Cluster analysis elucidates the marked heterogeneity of
phenotypes within the severe asthmatic population. When considering the use
of a biologic agent, correlation of patient clinical clustering with type 2 high
(Th2 high) biomarkers provides insight when determining anticipated response to
therapy.
ASTHMA ENDOTYPES

Th2 allergic inflammation is present in up to 80% of children and 50% of adults with
asthma.28 Suggested biomarkers of Th2 high asthma phenotypes include periostin,
fraction of exhaled nitric oxide, and sputum/blood eosinophils.29 Periostin stimulates
transforming growth factor-B, which leads to increased secretion of type 1 collagen by
airway fibroblasts.30 Periostin expression in airway epithelial cells is regulated by Th2
cytokines interleukin (IL)-4 and IL-13.31 IL-13 has also been identified as a stimulator of
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dipeptidyl peptidase-4 (DPP4) in bronchial epithelial cells. DPP4 has been shown to
increase proliferation of lung fibroblasts, bronchial smooth muscle cells, and the pro-
duction of fibronectin.32 Fractional excretion of nitric oxide (FeNO) is upregulated by
cytokines IL-4 and IL-13, which induce nitric oxide synthase.33 Besides its use as a
marker of Th2 inflammation, FeNO has also been suggested as a marker of eosino-
philic airway inflammation. Th2 cells release IL-5 and IL-13 into the airway epithelium
and submucosa leading to the consequent increase in airway and serum eosinophilia.
Genomic analysis of asthmatics has also associated increased immunoglobulin (Ig) E
levels with an underlying systemic Th2 upregulation.34 Noted that these markers in
isolation are unable to classify a specific phenotype. The correlation between FeNO
as a marker of a distinct eosinophilic phenotype and of Th2 inflammation has shown
conflicting results. Studies involving mepolizumab have shown a dissociation between
blood and sputum eosinophil counts and FeNO levels indicating that additional cyto-
kines are responsible for regulating nitric oxide synthase, separate from those that
control eosinophilia.35 Furthermore, eosinophilic inflammation is found in both allergic
as well as nonallergic patients with asthma, suggesting that eosinophilia is not the sole
result of atopic habitus.36 This suggestion is borne out by the cluster analysis fromHal-
dar and colleagues.25 These data suggest that further investigation is required to bet-
ter delineate the likely multiple pathways that are associated with severe refractory
asthma.
Data from SARP as well as prior cluster analysis have identified a distinct population

of severe refractory patients with asthma with a neutrophilic predominance.26 T-helper
(Th)-1 and Th17 cell responses have been associated with this phenotype.37 Th-1 cells
are characterized by increased production of interferon-gamma, whereas Th-17 cells
mediate neutrophil activation.38 Mechanistically, Th-17 cells are also thought to
contribute to steroid resistance in select populations based on mouse models.39 In
humans, bronchoalveolar levels of IL-17 have been found to correlate with disease
severity in neutrophil-predominant asthma.37 The identification of neutrophilic/Th-1
severe refractory asthma as a unique phenotype is reinforced by clinical evidence
of reduced improvement in pulmonary function testing following beta-agonist treat-
ment in this population, which is suggestive of airway remodeling.40

Although a significant amount of data suggests an overlap of Th-1 responses and
neutrophilic asthma, Th-1 cells have also been shown to induce airway hyperreactivity
independently of neutrophilic inflammation.41 Similarly, independent environmental
factors have a direct effect on neutrophilic asthma, with smoking, systemic inflamma-
tion, and infections increasing airway neutrophilia.42–44 This finding argues against a
direct correlation between an underlying Th-1 genoendotype and neutrophilic asthma
as a resultant phenotype. Furthermore, an association between obesity and late-onset
neutrophilic asthma has also been detected.45

Ultimately, sufficient data exist indicating that Th-1 and Th-17 pathways are
possible therapeutic targets in asthma therapy. It is likely that a strata of subtypes ex-
ists within the non–Th2-driven asthmatic population. However, the precise clinical
phenotype in which these agents offer maximal efficacy needs to be further identified.
THERAPEUTIC BIOLOGICS IN PATIENTS WITH ASTHMA
Anti–Immunoglobulin E

The first new biologic agent available for the treatment of asthma was omalizumab,
which was approved by the US Food and Drug Administration in 2003 for use in pa-
tients 12 years of age and older with moderate to severe atopic asthma, a total serum
IgE level between 30 and 700 IU/mL, and who are currently using ICS with incomplete
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control.46 Omalizumab is a recombinant monoclonal antibody that reduces circulating
IgE levels by binding to the constant region of the human IgE molecule.47 Initial
approval of omalizumab was based on 3 randomized, double-blind, placebo-
controlled, multicenter trials.46 In a trial by Busse and colleagues,48 525 subjects
with severe allergic asthma requiring daily inhaled ICS were randomized to receive
placebo or omalizumab. There were significantly fewer asthma exacerbations in the
omalizumab group, with approximately a 10% absolute reduction in frequency,
compared with placebo. However, similar study recruitment criteria and designs led
to equivocal results in trials by Soler and colleagues49 and Milgrom and colleagues.50

The EXTRA (Exploring the effects of omalizumab in allergic asthma) trial was a pro-
spective, multicenter, randomized, parallel-group, double-blind, placebo-controlled
study assessing omalizumab safety and efficacy in uncontrolled severe asthmatics.
Enrolled patients required a diagnosis of severe persistent allergic asthma for greater
than 1 year before trial screening and needed to remain inadequately controlled
despite high-dose ICS and LABA. Omalizumab dosing was consistent with the drug’s
dosing table from its package insert (based on the patient’s body weight and serum
IgE level). Initial results indicated that asthma exacerbation rates were significantly
lower during the trial period in the omalizumab group compared with the placebo
group (incidence rate of 0.66 compared with 0.88).51 Posthoc analysis divided the
850 enrolled subjects into Th2 high and low groups, with the Th2 high group having
an FeNO greater than or equal to 24 parts per billion, blood eosinophil level greater
than or equal to 260/mL, and serum periostin level greater than or equal to 50 ng/mL
at baseline. Comparing high versus low subgroups, the Th2 high group showed signif-
icant reductions of exacerbations in the high versus low group (53% vs 16% FeNO,
32% vs 9% eosinophils, and 30% vs 3% periostin). The difference between the
high and low groups has strong clinical implications reinforcing the importance of
appropriate phenotypic discrimination in current practice.
A retrospective case-control study assessed allergic asthmatics, comparing the ef-

ficacy of omalizumab on pulmonary function testing in 81 asthmatic subjects with
chronic rhinosinusitis and those without.52 Analysis was performed on patients at a
tertiary university clinic, analyzing outcomes of prescribed therapy over 7 years. An
average treatment duration of 25 months with omalizumab revealed improved FEV1,
forced vital capacity, FEV1/forced vital capacity ratio, and forced expiratory flow in
25% to 75% of subjects with chronic rhinosinusitis. Three of these parameters
showed significant improvement compared with patients without chronic rhinosinusi-
tis, who did not show a significant improvement in any of the study end points.
Current data indicate omalizumab to have anticipated clinical benefit in a Th2 high

population and that IgE may not be the best prognostic indicator of effectiveness
despite applicability criteria. Further data are required to delineate the effect of oma-
lizumab on severe refractory intrinsic asthma compared with improved outcomes
achieved from controlling exacerbating conditions, such as concomitant
rhinosinusitis.

Anti–Interleukin-5

Mepolizumab is currently approved for use in patients with severe eosinophilic
asthma.53 Mepolizumab is a humanized monoclonal antibody against IL-5 that in
turn reduces airway and systemic eosinophilia. Current prescribing parameters
necessitate a blood eosinophil threshold of greater than or equal to 150 cell/mL at
treatment initiation or blood eosinophil count of greater than or equal to 300 cells/
mL in the 12 months before treatment initiation. Patients must also have uncontrolled
asthma despite receiving maximal standard therapy with a high-dose ICS and at least
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1 additional controller medication. Initial trials with mepolizumab failed to show signif-
icant changes in clinical measures of asthma (airway hyperresponsiveness, FEV1, or
peak flow recordings) despite reductions in blood and sputum eosinophil counts.54,55

In the initial trial, 24 volunteers with mild atopic asthma controlled with short-acting
beta-agonists (SABA) were recruited. Following this, a dose-ranging trial of 362 sub-
jects enrolled subjects with persistent asthma symptoms despite the use of ICS ther-
apy (400–1000 g mg of beclomethasone or equivalent). Subjects received injections of
mepolizumab, either 250 mg, 750 mg, or placebo, at 4-week intervals for a total of 3
doses across 12 weeks. Although there was a trend toward improvement of exacer-
bation rates, SABA use, and quality of life in the 750-mg group, it did not reach statis-
tical significant compared with other groups.
A subsequent trial by Haldar and colleagues35 was conducted in a population of re-

fractory asthmatics with a sputum eosinophil count of more than 3% on at least 1
occasion (within 2 years before study enrollment) despite high-dose ICS treatment.
The study was a single-center, randomized, double-blind, placebo-controlled,
parallel-group clinical trial in which subjects were randomized to receive either mepo-
lizumab 750 mg or placebo. Subjects were treated monthly over the course of 1 year.
The mepolizumab group showed an exacerbation relative risk of 0.57 compared with
placebo, although there were no significant differences in change from baseline in
symptom scores or between-group differences in changes in FEV1 after bronchodi-
lator use.
The DREAM (mepolizumab for severe eosinophilic asthma) trial with mepolizumab

was a multicenter, double-blind, placebo-controlled trial evaluating subjects with a
history of refractory asthma previously requiring systemic corticosteroid treatment 2
or more times in the period before screening and with 1 of the following criteria: a
sputum eosinophil count of 3% or more, a FeNO of 50 ppb or more, serum eosinophil
count of 0.3� 109, or deterioration of asthma control following a 25% reduction or less
of inhaled or oral corticosteroids.56 Subjects were randomized in a 1:1:1:1 fashion to
75 mg, 250 mg, 750 mg of mepolizumab or placebo and received 13 infusions at 4-
week intervals. Compared with placebo, the mepolizumab groups showed significant
reductions in exacerbations per patient year, ranging from 39% to 52% risk reduction.
Reslizumab is a humanized monoclonal antibody composed of complementarity-

determining regions of a murine antibody to human IL-5, which prevents binding of
IL-5 to eosinophils.57 Current prescribing guidelines for reslizumab indicate use in pa-
tients greater than or equal to 18 years of age as add-on maintenance therapy in pa-
tients with an eosinophilic phenotype. An initial clinical trial was conducted with 106
subjects who had incompletely controlled asthma despite treatment with high-dose
ICS and at least 1 other agent.57 Subjects required a minimum of 3% eosinophils
on sputum analysis as part of recruitment criteria. The study was a randomized
(1:1), double-blind, placebo-controlled, multinational study with treatment of reslizu-
mab (3.0 mg/kg) or placebo every 4 weeks for 3 total doses. At study end, significant
improvements in the primary end point Asthma Control Questionnaire score was
found in the reslizumab group compared with placebo (59% compared with 40%).
Statistical improvements were also evident in FEV1 in the reslizumab group with an
associated reduction in sputum and blood eosinophil levels.
Further study of reslizumab was conducted in 2 duplicate, multicenter, double-

blind, parallel-group, randomized (1:1), placebo-controlled trials.58 Subjects were
aged 12 to 75 years with at least 400 eosinophils/mL in serum during the run-in period
of 2 to 4 weeks. During this time, subjects were required to have inadequately
controlled asthma while receiving at least medium-dose ICS (with or without another
controller medication). Placebo or reslizumab, at 3 mg/kg, were administered every
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4 weeks for a total of 13 doses, with 489 and 464 subjects randomly assigned in each
study respectively. In these populations reslizumab significantly reduced the annual
rate of exacerbations by 50% to 59% compared with placebo. Significant improve-
ments were also seen in FEV1, patient-reported quality of life, patient-reported symp-
toms score, and blood eosinophil count compared with placebo.
Benralizumab is a humanized monoclonal antibody that targets human IL-5 recep-

tor-a on eosinophils and basophils.59 Initial clinical study included adult asthmatics
requiring medium-dose to high-dose ICS in combination with LABA therapy for at least
1 year with 2 to 6 exacerbations during that time who were stratified by eosinophilic
phenotype. Eosinophilic phenotype was determined by FeNO (used as a surrogate
marker of eosinophilic status) or increased eosinophil/lymphocyte and eosinophil/
neutrophil index. Individuals with an eosinophilic phenotype were randomized
(1:1:1:1) to receive 2 mg, 20 mg, 100 mg of benralizumab, or placebo. Noneosinophilic
individuals were included in the study and randomized (1:1) to either 100 mg of ben-
ralizumab or placebo. Three-hundred and twenty-four individuals were randomized by
eosinophilic stratification with 285 randomized to the noneosinophilic group. In the
eosinophilic arm, significant reduction of annual exacerbations was found in the group
receiving 100 mg of benralizumab compared with placebo but not the 2-mg or 20-mg
groups. FEV1 and Asthma Control Questionnaire-6 score were also improved
compared with placebo in the eosinophilic group across all benralizumab doses. In
the noneosinophilic arm, no significant difference in exacerbation rates was evident
between benralizumab 100 mg and placebo but there was a trend toward reduced
exacerbation rates. Additional subgroup analysis was performed using 300 eosino-
phils/mL as a cutoff, finding exacerbation rates were significantly reduced by 40%
to 60% compared with placebo across benralizumab 20-mg and 100-mg groups. In
contrast, no significant reduction in exacerbations was noted with 20 mg or 100 mg
of benralizumab in the subgroup analysis in subjects with fewer than 300 eosino-
phils/mL. All doses of benralizumab decreased blood eosinophil counts compared
with placebo.
Overall, anti–IL-5 therapy seems to be most clinically effective in patients with an

eosinophilic phenotype. As previously mentioned, FeNO may not be a consistent
marker of an eosinophilic phenotype, as exemplified by the discrepancy in efficacy
seen in the benralizumab trial when comparing the eosinophilic study arm (stratified
by FeNO) with the subsequent subgroup analysis in which subjects were stratified
by serum eosinophil count (<300 or >300 eosinophils/mL). Furthermore, although
serum eosinophilia of greater than 150 cells/mL is sufficient in certain circumstances
to warrant mepolizumab administration, accounting for the data from anti–IL-5 agents
as a whole best supports the use of these agents in asthmatics with greater than or
equal to 300 eosinophils/mL.

Anti–Interleukin-13

Lebrikizumab is a humanized monoclonal antibody that binds to soluble IL-13.60 IL-13
has been implicated in the Th2 pathway of asthma pathogenesis, has been shown to
induce B-cell production of IgE, and has been strongly correlated with production of
periostin.61,62 Lebrikizumab was studied in 218 asthmatics using low-dose to high-
dose ICS for 6 months before screening with evidence of uncontrolled asthma on
day of randomization.60 Subjects were allowed to continue LABA and other controller
medications if already prescribed. Lebrikizumab 250 mg or placebo was given once
per month for 6 total doses in this double-blind, placebo-controlled, parallel-group,
multicenter study. Baseline FEV1 was greater by 5.5% by week 12 in the lebrikizumab
group compared with placebo, with effect maintained throughout the study duration.
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Although not initially defined at study onset, subsequent subgroup analysis revealed a
change in the baseline FEV1 of the subjects of 8.2% in the periostin high group and
1.6% in the periostin low group compared with placebo. No significant effect was
noted in exacerbation rate or asthma control scores in either the primary lebrikizumab
group or analyzed subgroups. This finding highlights the importance of appropriate
phenotypic discrimination and the effect it can have on therapeutic efficacy.
Subsequently a dose-ranging, randomized (1:1:1:1), double-blind, placebo-

controlled study by Noonan and colleagues63 evaluated efficacy and safety of lebriki-
zumab at varying doses (125 mg, 250 mg, 500 mg) in 212 subjects. Subjects were
asthmatics not receiving ICS who received 4 total doses of lebrikizumab or placebo
dosed every 4 weeks. Stratification across treatment arms was based on baseline
IgE levels (> or <100 IU/mL) and peripheral blood eosinophil count (> or
<0.14 � 109). No statistically significant change in FEV1 was noted in subjects in
any treatment group compared with placebo, including subsequent subgroup analysis
stratified by periostin. Significant reduction of protocol-defined treatment failure and
FeNO was identified in the lebrikizumab group but there was no differential response
by periostin level. Discrepancy between these results and those reported earlier were
attributed by the investigators to either insufficient power or IL-13 possibly having a
greater role in steroid-insensitive subjects (subjects in this trial were mild asthmatics
on no ICS).
Additional data regarding lebrikizumab efficacy are available in LUTE and VERSE

(Lebrikizumab in moderate-to-severe asthma: pooled data from two randomized pla-
cebo-controlled studies) trials, which were replicate, randomized, double-blind, pla-
cebo-controlled studies evaluating 463 subjects.64 Study populations were
uncontrolled adult asthmatics receiving medium-dose to high-dose ICS and a second
controller. Randomization occurred in a 1:1:1:1 ratio between doses of 37.5 mg,
125 mg, 250 mg of lebrikizumab, and placebo. Median duration of treatment was
24.1 weeks with dosing of study drug or placebo occurring every 4 weeks. Prespeci-
fied subgroup analysis was conducted based on periostin levels (periostin high
[>50 ng/mL]) versus periostin low [<50 ng/mL] groups). There was a significant reduc-
tion in asthma exacerbations of 60% in the periostin high group compared with pla-
cebo and a nonsignificant (5% reduction) in exacerbation rates in the periostin low
group. No clear dose-response relationship was observed. Mean relative change in
baseline FEV1 was 9.1% and 2.6% for the pooled periostin high and periostin low leb-
rikizumab groups respectively compared with placebo.
Anti–IL-13 agents have the greatest data supporting efficacy in patients with an

increased periostin level (>50 ng/mL). Data are present to account for reduced exac-
erbation rates and improved FEV1 in this population. Earlier studies with lebrikizumab
highlight the importance of identifying appropriate candidates before initiating
treatment.

Anti-Interleukin-4 and Interleukin-13

Dupilumab is a fully human monoclonal antibody to the IL-4 receptor-a, which inhibits
both IL-4 and IL-13 signaling pathways.65 IL-4 and IL-13 share redundancy in signaling
and additional benefit may be seen from blocking both pathways. One-hundred and
four adult moderate to severe asthmatic subjects were studied in a randomized
(1:1), double-blind, placebo-controlled study. Eligible subjects required a blood eosin-
ophil count of greater than or equal to 300 cells/mL or an increased sputum eosinophil
level (�3%) with poorly controlled symptoms despite the use of medium-dose to high-
dose ICS and LABA therapy at study screen. Dupilumab 300 mg or placebo was
administered once weekly for 12 weeks. A significant reduction in exacerbations of
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87% was evident in the dupilumab group compared with placebo. Secondary end
points, including lung function metrics, asthma symptoms, and beta-agonist rescue
use, also were significantly improved compared with placebo. Although both FeNO
and IgE levels were decreased in the dupilumab group, there was notably no decrease
in peripheral blood eosinophils compared with placebo.
Similar to the other biologics described, dupilumab targets asthmatics with a Th2-

driven response. The dual inhibition of both IL-4 and IL-13 pathways may account for
what can initially be considered a more robust response compared with agents that
target solely IL-4 or IL-13. More data are required to confirm its efficacy but preliminary
data suggest a use in patients with an eosinophilic phenotype including increased
serum or sputum eosinophil levels.

Anti–Interleukin-17

Brodalumab is a human anti–IL-17 receptor-A immunoglobulin monoclonal antibody
that blocks activity of both IL-17 and IL-25.66 Brodalumab was studied in 315 adult
subjects with physician-diagnosed moderate to severe asthma who at screening
were stable on ICS with or without additional LABA. Subjects were evaluated in a ran-
domized, double-blind, placebo-controlled, dose-ranging study with randomization
occurring 1:1:1:1 to receive brodalumab 140 mg, 210 mg, 280 mg, or placebo. Admin-
istration was performed subcutaneously at 7 visits across 10 weeks. No statistical sig-
nificance was found in either the primary end point of improved Asthma Control
Questionnaire score or in any secondary end points of lung function or asthma symp-
toms. The lack of clinical efficacy was suggested to be secondary to the heteroge-
neous nature of asthma and selective mechanism of action of monoclonal
antibodies. A prespecified subgroup analysis showed a significant change in Asthma
Control Questionnaire score in a subpopulation that best fit clusters 2 and 4 from the
Moore and colleagues26 cluster analysis (early-onset atopic asthma and preserved
lung function and severe airflow obstruction with bronchodilator responsiveness).
Study investigators hypothesized that additional study of brodalumab targeting a
phenotype similar in characteristics to the aforementioned clusters may result in
more significant clinical efficacy. This study highlights the importance of using pheno-
typic discriminators to carefully choose an optimal target population and without
which a potential clinical utility may be missed.

Anti–Tumor Necrosis Factor

Infliximab is a recombinant human-murine monoclonal antibody that binds and
neutralizes soluble tumor necrosis factor-alpha (TNF-a).67 Infliximab was studied in
a population of 38 adult subjects with moderate to severe persistent asthma in a
double-blind, placebo-controlled, parallel-group study. Subjects underwent 1:1
randomization and received 3 infusions over a 6-week period with 5 mg/kg of inflixi-
mab or placebo. A significant increase was found in the primary end point of morning
peak expiratory flow in the infliximab group. A significant difference was also found in
the number exacerbations experienced in the infliximab and placebo groups, with
72% of patients in the placebo group experiencing exacerbations compared with
29% in the infliximab group. No significant difference was found between groups
regarding SABA use, asthma symptom scores, or FEV1.
Increased neutrophilia in sputum and airway responsiveness has also been

observed in response to inhalation of TNF-a in normal individuals.68 A subset of the
SARP phenotype had neutrophilic-predominant asthma, suggesting a possible role
for TNF-a inhibition and an effect on airway neutrophilia/inflammation. Evaluation of
a TNF-a blocking agent was performed using golimumab in the uncontrolled severe
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asthma population.69 The study population was limited to subjects who showed
asthma symptoms on more than a third of days for at least 3 months before screening
despite being on high-dose ICS and LABA therapy. Assessment was conducted in a
phase 2, multicenter, randomized, double-blind, dose-ranging, placebo-controlled
study. Dosing was every 4 weeks for a total of 52 weeks with either 50 mg, 100 mg,
200 mg of golimumab, or placebo based on 1:1:1:1 randomization. No significant dif-
ference was found between placebo and golimumab for exacerbations or FEV1 during
study protocol, although a trend was noted toward reduced exacerbations in the
higher dose groups. However, unfavorable risk-benefit data led to discontinuation
of the study because an increased number of severe adverse effects, primarily infec-
tions, were noted in the treatment arms. Of greatest concern is a significant safety
signal concerning malignancy seen with the use of TNF-a blockade. In a study by
Wenzel and colleagues,69 8 malignancies were seen in the active group of one study
of 309 subjects compared with none in the placebo group.
Anti-TNF-a agents are best classified as targeting asthmatics with a Th-1 response,

whereas previous biologic therapies focus on an underlying Th2 phenotype. However,
safety data preclude use in this population at this time (Table 1).
URTICARIA

Chronic spontaneous urticaria (CSU) is the spontaneous appearance of wheals,
angioedema, or both for greater than 6 weeks.70 CSU is a significant public health
concern with an annual population prevalence of approximately 0.5% to 1% and an
annual lifetime prevalence of 20%.71,72 Although most CSU resolves within 5 years,
as many as 20% of cases can persist for longer.72 Wheals are characterized by a peri-
vascular nonnecrotizing infiltrate, primarily composed of mononuclear cells and neu-
trophils 60 minutes after wheal onset.73,74 Disease activity is associated with reduced
quality of life as well as increased health care use.75

The mechanism of CSU remains to be elucidated, although current evidence sug-
gests that mast cells are important contributors.70 It has been identified that as
many as 30% to 40% of patients with CSU have autoimmune involvement with a circu-
lating antibody directed to the alpha subunit of the high-affinity type I IgE recep-
tor(FceR1) on mast cells.76 The result of this antibody binding is degranulation of
Table 1
The mechanisms of action of individual therapeutics

Drug Name Mechanism of Action

Omalizumab Reduces circulating IgE by binding to the constant region of the human IgE
molecule47

Mepolizumab
Reslizumab

Binds free IL-5, which reduces airway and systemic eosinophilia53,57

Benralizumab Binds IL-5 receptor-alpha on eosinophils and basophils59

Lebrikizumab Binds to circulating IL-13, reducing airway periostin and DPP4 levels60

Dupilumab Inhibits both IL-4 and IL-13 signaling pathways by binding to IL-4 receptor-
alpha65

Brodalumab Anti–IL-17 receptor-A, which blocks IL-17 and IL-25 pathways

Infliximab
Golimumab

Binds and neutralizes soluble TNF-a, a key regulator of innate immunity and
the Th-1 response67,69
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the mast cell and histamine release.77 Attempts to further classify patients with CSU
include a study in which subjects were stratified into 5 groups:

� Immunoreactive histamine-releasing anti-FceR1 autoantibodies
� Immunoreactive anti-FceR1 autoantibodies without histamine-releasing activity
� Anti-IgE–like autoantibodies
� Serum with a mast cell–specific histamine-releasing factor
� Others that remain unidentified78

Classification of patients into these categories has direct clinical significance
because patients with serum histamine-releasing activity typically have greater num-
ber, larger size, and more frequent wheals.79

Current guidelines recommend confirmation of CSU with the exclusion of other
possible causes, including physical urticarias, drugs, foods, and infectious agents.70

Initial therapy is with second-generation H1-antihistamines, which may be increased
up to 4-times the recommended dose. In patients who fail H1-antihistamine therapy,
guidelines recommend the use of either cyclosporine, montelukast, or the biologic
omalizumab. Additional therapeutics have been studied either with the rationale of
limiting histamine-releasing autoantibodies or reducing inflammation and coagulation
biomarkers.80
THERAPEUTIC BIOLOGICS IN PATIENTS WITH CHRONIC SPONTANEOUS URTICARIA
Omalizumab

Omalizumab has been approved for use in patients with refractory chronic sponta-
neous urticaria despite high-dose H1 antihistamines since March 2014 in both the
United States and Europe. The known mechanism of IgG binding to the high-affinity
IgE receptor in a significant proportion of patients with chronic autoimmune urticaria
prompted investigation of the use of omalizumab in these patients.
The initial proof-of-concept study of omalizumab was performed by Saini and col-

leagues81 in 2011. The study was a prospective, double-blind, placebo-controlled,
dose-ranging study evaluating the use of omalizumab in subjects 12 to 75 years of
age with an Urticaria Activity Score of greater than 12 over 7 days despite antihista-
mine therapy. Ninety subjects were randomized 1:1:1:1 to receive either placebo,
75, 300, or 600mg of omalizumab in addition to standard antihistamine therapy. Onset
of effect was apparent within 1 to 2 weeks with a significant decrease in the Urticaria
Activity Score in both the 300-mg and 600-mg groups with omalizumab.
Additional trials included several phase 3, multicenter, randomized, double-blind

studies evaluating 323 subjects with moderate to severe chronic idiopathic urticaria
who were symptomatic despite use of antihistamines.82 Subjects were required to
have a history of at least 6 months of chronic idiopathic urticaria and hives associated
with itching for at least 8 consecutive weeks at a time despite use of antihistamines.
Subjects with physical urticarias were excluded from these studies. Subjects were
randomized to receive 3 injections every 4 weeks of either 75 mg, 150 mg, 300 mg,
or placebo. Significant reductions in itch-severity score, the primary outcome mea-
sure, was evident in the 150-mg and 300-mg group at week 12 compared with base-
line itch scores. Improvements were also seen in all prespecified secondary end
points, including change from baseline Urticaria Activity Score, weekly number of
hives, angioedema-free days over 8 weeks, and improvement in Dermatology Life
Quality Index.
Subsequently a trial was performed assessing the effect of 300 mg of omalizumab in

subjects aged 12 to 75 years who remained symptomatic despite treatment with H1-
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antihistamines at up to 4 times the approved dose plus H2-antihistamines, leukotriene
antagonists, or both.83 Subjects were enrolled from multiple centers in a 3:1 ratio to
either omalizumab (n 5 252) or placebo (n 5 84) with dosing at 4-week intervals for
a total of 24 weeks. Subjects were required to have active disease with an Urticaria
Activity Score of 16 or greater over the week before randomization. Omalizumab
was effective irrespective of the combination of concomitant medications, including
angioedema-free days over an 8-week period, and proportion of patients who were
itch and hive free. In the omalizumab group, 34% of subjects were completely itch
and hive free compared with 5% in the placebo group at 12 weeks. Clinical trials sup-
port the use of omalizumab in patients with chronic spontaneous urticaria who are re-
fractory to initial treatment with antihistamines or leukotriene antagonists. Additional
phenotypic descriptors are unavailable at this time and it should be noted that, unlike
its use in asthma, studies did not stratify by IgE level. Note also that the efficacy of
omalizumab exceeds the initial postulated 30% to 40% of CSU thought to be caused
by chronic autoimmune urticaria. Also, efficacy is fairly robust but heterogeneous with
34% of subjects in one trial achieving complete disease remission but with 66% with
residual symptoms. Initial dose-ranging studies do not suggest that this is a dose-
dependent effect and further study is warranted to better determine the patients
most likely to respond to therapy.

Intravenous Immunoglobulin

Intravenous immunoglobulin (IVIG) is a polyvalent antibody product derived from
pooled plasma of healthy donors that is thought to act through blockade of the Fc
portion of IgG molecules.84 It has also been suggested that IVIG may have direct in-
hibitor effects on B-cell and T-cell function.85,86 One study evaluated the efficacy of
IVIG 2 g/kg over 2 days in 6 subjects (aged 16–72 years) with recurrent severe CSU
with daily symptoms requiring high-dose corticosteroids. Infusions were given every
4 to 6 weeks. Five of the 6 subjects had a significantly improved Urticaria Activity
Score after the first 3 cycles.
O’Donnell and colleagues84 also studied the effect of IVIG in 10 patients (aged 24–

75 years) with CSU. All subjects had severe CSU that was poorly responsive to con-
ventional treatment with antihistamines. Subjects all had evidence of serum histamine-
releasing activity, as shown by a positive autologous intradermal serum test. Subjects
were treated with 0.4 g/kg of IVIG over 5 days. Although subjects had a varied
response to therapy, 9 subjects had improvement of urticaria. The mean Urticaria Ac-
tivity Score improved from baseline of 24.6 to 12.6 at 2 weeks and 7.8 at 6 weeks after
treatment. These data suggest a possible benefit of IVIG in patients with refractory ur-
ticaria. There are insufficient data to classify which patients will best respond or to
identify a unique phenotypes. Nonetheless, the varied response of patients to IVIG
suggests a potential underlying phenotype of responders (Table 2).

Rituximab

Rituximab is a chimeric murine/human recombinant monoclonal antibody that binds to
CD20. Rituximab treatment results in B-cell depletion with a resultant decrease in the
Table 2
The mechanism of action of intravenous immunoglobulin

Drug Name Mechanism of Action

IVIG Circulating immune globulin G binds to act the Fc portion of IgGmolecules84
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production of IgG antibodies. Application in CSU is targeted at reducing antibody
binding to the FceR1. The use of rituximab in patients with CSU is limited to case re-
ports.87,88 In a case report by Chakravarty and colleagues,87 the investigators evalu-
ated the use of rituximab in a patient in whom other causes of urticaria had been
excluded and who had positive IgG autoantibodies to FceR1 on skin biopsy of an ur-
ticarial lesion. The patient had been previously treated with oral antihistamines, cyclo-
sporine, mycophenolate mofetil, and even oral steroids. Four weekly infusions of
rituximab were given at 375 mg/m2 concurrently with methotrexate administration of
15 to 25 mg/wk subcutaneously. Resolution of symptoms was seen within
6 weeks of completion of rituximab therapy. A case report by Steinweg and Gaspari88

evaluated a 38-year-old woman with a 1-year history of CSU refractory to fexofena-
dine, ranitidine, hydroxyzine, and even high-dose (60-mg) prednisone therapy. During
a breakthrough episode requiring hospitalization the subject was infused with 1 g of
rituximab followed by 1 g of rituximab 2 weeks later with complete remission of symp-
toms for 10 months.
Insufficient data are available at this time for any recommendations involving ritux-

imab therapy. It may be considered in patients who are refractory to other, more
established therapies.

Tumor Necrosis Factor-Alpha

TNF-a promoter polymorphisms have been associated with susceptibility to CSU.89

Despite the recognition of genetic polymorphisms, conflicting data exist regarding
the significance of a correlation between TNF-a levels and CSU.90,91 Excluding phys-
ical urticarias and urticarial vasculitis, a total of 21 documented cases exist in which
TNF-a inhibitors were used in cases of refractory chronic autoimmune urticaria or
CSU.92,93 The course of disease in the case series by Wilson and colleagues93 was
varied but there was a generalized improvement with initial treatment, although further
pulses of therapy were occasionally needed for relapse. Sand and Thomsen92 re-
ported the results of TNF-a inhibitor therapy using adalimumab or etanercept in pa-
tients who had failed high-dose antihistamines with the addition of an
immunosuppressive agent. Improvement was noted in 15 of the 18 patients studied
with a diagnosis of CSU or chronic autoimmune urticaria. Complete resolution was
seen in 12 of these 15 patients. Response to therapy was frequently seen in the first
month but patients generally relapsed within a few weeks following discontinuation.
This group needs much more research to aid in determining the best phenotypes for

therapy. There seems to be some indication of efficacy of TNF-a in patients with auto-
immune disease. When the practice parameter for urticaria was examined, investiga-
tors concluded that the best data regarding biologic agents were for
omalizumab.94–116 However, there is a paucity of data regarding the group most likely
to respond to therapy.
SUMMARY

Most biologics currently approved and in phase II and III clinical trials for use in asth-
matics have shown benefit in a common Th2 high phenoendotype. Studies with these
biologics have suggested that response can be predicted based on surrogate bio-
markers of Th2 activity, including serum periostin levels, total IgE, sputum and blood
eosinophil count, as well as FeNO. Further data are required to determine the optimal
biologic based on clinically individualized patterns of these markers. There remains a
lack of therapeutic options for patients with neutrophilic asthma expressing a Th2 low,
Th-1, or Th-17 phenotype. The mixed results of both brodalumab and the TNF-a
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inhibitors suggests there is a phenotype that may benefit from these options but this
population is yet to be characterized. In the case of urticaria and atopic dermatitis,
there are much less robust data regarding phenotypic discriminators of the patients
most likely to benefit from therapy. It is anticipated that further phenoendotypes
may be identified as the underlying mechanism of these diseases becomes better un-
derstood. The population that benefits from biologic therapy in hereditary angioedema
is well characterized but the subpopulations that may respond best to respective
treatments remain to be identified.
Determining those patients most likely to benefit from therapy is of critical impor-

tance because clinicians must consider the pharmacoeconomic and societal costs
of these new therapeutics. Average wholesale prices vary from tens to more than
$100,000 per year. Regardless of indication, there is a surprising paucity of data
regarding the pharmacoeconomics of these therapies. Although clinicians focus on
controlling their patients’ disease, often their response to lack of disease control
can be simply to add further medicines. It can easily be seen that, in a health care sys-
tem that has limits, clinicians must begin to take into account costs and try to optimize
less expensive medicines and institute biologic agents only in patients who are most
likely to benefit from their use.
The cost of long-term prophylaxis with C1 inhibitor concentrate in patients with he-

reditary angioedema has been estimated to be as high as V182,000 per year in
Denmark.117 In contrast, the cost of treating attackswith icatibant on an as-needed ba-
sis would be approximately V93,000 euros per year assuming an average of 4 attacks
permonth. Furthermore, the price of long-term prophylaxis with danazol has been esti-
mated to be asmuch as 370 times less thanC1 inhibitor concentrate. On-demand ther-
apy does not necessarily equate to cost-effective care in America, with icatibant
carrying a cost of approximately $6800 per dose and other therapies for acute attacks
priced similarly.118 Prophylactic treatment of hereditary angioedema with C1-esterase
inhibitor is estimated to cost approximately $487,000per year in theUnitedStates. Esti-
mating 6000 patients with this diagnosis actively seeking treatment per year in the
United States prices the annual societal cost of therapy at $2.9 billion dollars.
Although hereditary angioedema therapy raises significant concerns regarding

cost-effectiveness of therapy, the diagnosis affects a fairly small number globally.
The current and anticipated use of biologics in asthma, atopic dermatitis, and urticaria
do not benefit from a similar low prevalence of disease. Despite omalizumab being
approved in the United States for use in asthma since 2003 and for use in urticaria
since 2014, few data are available regarding cost-effectiveness in America. The esti-
mated direct cost of omalizumab prescriptions is between $15,000 and $44,000 in
asthmatics.119 Most studies regarding omalizumab cost-effectiveness are model
based and do not represent material cost savings.120,121

It has never been of greater importance to correctly estimate patient outcome
before starting therapy based on cost analysis. The significant cost of therapy com-
bined with the growing indications for biologics implies that a trial-by-error model
would be unsustainable. Treatment decisions need to be guided by appropriate pa-
tient stratification based on an understanding of each individual’s underlying
phenotype.
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