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with the patient is needed to optimize adherence, with special
attention to patient preference regarding outcomes, safety
concerns, and medication administration options. After a
biologic agent is initiated, sufficient time is needed to
monitor efficacy and response. For patients who do not
respond favorably, patient-, disease-, and medication-related
factors should be considered and remedied, if possible.
Persistent suboptimal responders necessitate a reexamination
of asthma phenotype, biomarkers, and the suspected immune
response pathways. For some patients, a change in biologic
therapy or other therapeutic options may be warranted. In
this review, we examine the clinical approach for choosing an
initial biologic for the treatment of asthma, the assessment of
response to biologics, and the process of troubleshooting and
adjusting biologic treatment for those patients with subop-
timal responses. � 2020 American Academy of Allergy,
Asthma & Immunology (J Allergy Clin Immunol Pract
2021;9:1081-8)

Key words: Severe asthma; Biologics; Omalizumab; Benralizu-
mab; Mepolizumab; Dupilumab; Reslizumab

INTRODUCTION
Asthma is a heterogeneous chronic respiratory disease char-

acterized by airway obstruction, inflammation, and hyper-
responsiveness. It affects 19.2 million adults and 5.5 million
children in the United Sates.1 Several unmet needs in asthma
management have been identified. Despite optimization of
standard therapies, including inhaled corticosteroids and long-
acting bronchodilators, approximately 3% to 10% and 17% of
patients with asthma have severe and difficult-to-treat disease,
respectively.2 In addition, varying mechanisms contribute to the
development and pathogenesis of asthma and there is a need for a
more personalized approach to this disease and to better un-
derstand which therapies may benefit individual patients. In
2020, the European Academy of Allergy and Clinical Immu-
nology published guidelines for the treatment of severe asthma
using biologics and identified key research needs including
comparative trials of different biologics that are thus far lacking.3

In this review, we examine the clinical decision-making process
that facilitates the initial choice of a biologic for the treatment of
asthma and the assessment of response to biologics. In addition,
we will discuss the process of troubleshooting and adjusting
biologic treatment for those patients with suboptimal responses.

THE INITIAL CHOICE OF A BIOLOGIC
As of September 2020, in the United States, 5 biologics have

been approved for the treatment of uncontrolled moderate to
severe asthma (Table I). All these biologics target type 2 (T2)
airway inflammation propagated by the TH2 and T2 innate
lymphoid cell response pathways (T2-high asthma).3-5 Direct
head-to-head comparison trials of these biologics are not avail-
able, and indirect meta-analyses often give discordant results.12-16
The choice of which biologic to initiate should be individualized
for each patient on the basis of several factors including asthma
severity, phenotype, age, biomarkers, treatment goals/outcomes,
comorbid conditions, safety, and cost.3 A shared decision-
making process should be used for each patient, including
medication administration preferences. Each of these factors will
be discussed in more detail below.

Asthma severity and phenotype

All biologics require a diagnosis of asthma that is not well
controlled on other controller medications.3 It is imperative that
the patient’s asthma severity is properly classified and other
causes of poor asthma control, such as inadequate inhaler tech-
nique and poor adherence, are addressed before adding on
biologic therapy (Table II).2 Omalizumab and dupilumab are
indicated for moderate to severe persistent asthma, whereas
benralizumab, mepolizumab, and reslizumab are approved for
severe persistent asthma only.7-11 For patients with allergic
asthma (elevated total IgE and sensitization to 1 or more
perennial aeroallergens), omalizumab is an approved op-
tion.10,17,18 Despite conditional recommendations for the use of
other biologics in allergic asthma by the European Academy of
Allergy and Clinical Immunology guidelines, other currently
approved biologics are approved for use in eosinophilic asthma
only.3 “Asthma with an eosinophilic phenotype” is difficult to
explicitly define because of variations in the pivotal clinical trial
inclusion criteria for each biologic. Some trials used a minimum
peripheral blood eosinophil count of 150 cells/mL, whereas
others used 300 or 400.19-25 Still others used fractional exhaled
nitric oxide (FENO) as a surrogate for eosinophilic inflammation
in the lower airways.21 Dupilumab is also separately approved for
oral corticosteroidedependent asthma.8

Age
All 5 approved biologics are a treatment option for adults.7-11

Reslizumab is approved for adults 18 years or older.11 Benralizu-
mab, dupilumab, mepolizumab, and omalizumab are approved for
use in adolescents 12 years or older.7-10 Only mepolizumab and
omalizumab are approved in children age 6 to 11 years.9,10The data
are most robust for omalizumab in the 6- to 11-year age group and
omalizumab and dupilumab in the adolescent age group.3,26

Biomarkers

Peripheral blood eosinophil count, FENO, and total and
allergen-specific IgE are important biomarkers to consider when
choosing an initial biologic agent for asthma treatment. Benra-
lizumab, mepolizumab, dupilumab, and reslizumab are all indi-
cated for “eosinophilic” asthma or, from a practical standpoint,
asthma with an elevated peripheral blood eosinophil count.
Mepolizumab and dupilumab have demonstrated efficacy in
patients with eosinophil counts greater than or equal to 150 cells/
mL.21 Reslizumab studies included patients with peripheral
eosinophil counts greater than or equal to 400 cells/mL and
benralizumab in patients with eosinophil counts greater than or
equal to 300 cells/mL. Because dupilumab targets the IL-13
pathway, it has demonstrated efficacy in patients with elevated
FENO (�25 parts per billion) due to the role of IL-13 in the
production of nitric oxide from airway epithelial cells.27 As
mentioned above, omalizumab has demonstrated efficacy in
patients with elevated total IgE (�30 IU/mL) and documenta-
tion of sensitization to at least 1 perennial aeroallergen. In gen-
eral, the efficacy of all the biologics, including omalizumab, is



TABLE I. US Food and Drug Administrationeapproved biologic agents for the treatment of asthma

Biologic Mechanism of action4-6 Indications and approved ages Dosing

2020 EAACI strong

recommendations3

Benralizumab7 Binds to IL-5 receptor alpha
subunit, blocking IL-5

signaling

Severe eosinophilic asthma*
at age �12 y

30 mg SC every 4 wk for first
3 doses, then every 8 wk

Reduces severe asthma
exacerbations in adults

Enhances ADCC of
eosinophils and

basophils

Reduces oral steroid use in
adults if eosinophil

counts �150 cells/mL
Dupilumab8 Binds to IL-4 receptor alpha

subunit, blocking IL-4
and IL-13 signaling

Moderate to severe
eosinophilic asthma†
or oral corticosteroide
dependent asthma at

age �12 y

Asthma: Initial dose of 400
mg SC then 200 mg SC
every 2 wk OR Initial
dose of 600 mg SC then
300 mg SC every 2 wk

Reduces severe exacerbations
in adults and adolescents

Others: Chronic rhinosinusitis
with nasal polyposis

(CRSwNP) at age �18 y

CRSwNP: 300 mg SC every
2 wk

Improves lung function for
adults and adolescents
with FENO �50 ppb or
eosinophil counts �300

cells/mL

Moderate to severe atopic
dermatitis (AD) at age

�6 y

AD: Adults: Initial dose of
600 mg SC then 300 mg

SC every 2 wk

Reduces oral steroid use in
adults and adolescents

Children:

�15 kg to <30 kg:

Initial dose of 600 mg
SC then 300 mg SC
every 4 wk

�30 kg to <60 kg:

Initial dose of 400 mg
SC then 200 mg SC
every 2 wk

�60 kg:
Initial dose of 600
mg SC then 300 mg
SC every 2 wk

Mepolizumab9 Binds to and neutralizes IL-5 Severe eosinophilic asthmaz
at age �6 y

Asthma: Adults and
adolescents �12 y: 100
mg SC every 4 wk

Reduces severe asthma
exacerbations in adults

Others: Eosinophilic
granulomatosis with

polyangiitis (EGPA) at age
�18 y

Children age 6-11 y: 40 mg
SC every 4 wk

Reduces oral steroid use in
adults

EGPA: 300 mg SC every 4
wk

Hypereosinophilic syndrome
(HES) for �6 mo

without an identifiable
nonhematologic

secondary cause at age
�12 y

HES: 300 mg SC every 4 wk

Omalizumab10 Binds to and neutralizes IgE Moderate to severe allergic
asthmax at age �6 y

Asthma: 75-375 mg SC every
2 or 4 wk based on body
weight and total IgE

Reduces severe asthma
exacerbations in

adolescents and adults
with moderate to severe

allergic asthma

(continued)
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TABLE II. Tactics to enhance asthma control before initiating
biologic therapy

Patient factors Teach and train proper inhaler technique

Ensure adherence to background asthma
therapies

Assess and treat comorbidities

Environmental factors Optimize control of triggers and sensitizers

Disease factors Ensure correct asthma diagnosis

Rule out vocal cord and upper airway
disorders, cardiac disorders, etc

Adapted from the Global Initiative for Asthma guidelines.2

TABLE I. (Continued)

Biologic Mechanism of action
4-6

Indications and approved ages Dosing

2020 EAACI strong

recommendations
3

Leads to downregulation of
FcεR1 on mast cells,

basophils, and dendritic
cells

Others: Chronic idiopathic
urticaria (CIU) at age

�12 y

CIU: 150 or 300 mg SC every
4 wk

Reduces severe asthma
exacerbations in adults
with FENO �24 ppb and
eosinophil counts �260

cells/mL

Reslizumab11 Binds to and neutralizes IL-5 Severe eosinophilic asthmak
at age �18 y

3 mg/kg IV every 4 wk Reduces severe asthma
exacerbations in adults

ADCC, Antibody-dependent cellular cytotoxicity; EAACI, European Academy of Allergy and Clinical Immunology; FcεR1, high-affinity IgE receptor; IV, intravenous; ppb,
parts per billion; SC, subcutaneous.
*Absolute eosinophil count of �300 cells/mL at initiation or �150 cells/mL for oral corticosteroidedependent patients.
†Absolute eosinophil count of �150 cells/mL or FENO �25 ppb.
zAbsolute eosinophil count of �150 cells/mL at initiation or �300 cells/mL in the past year.
xTotal IgE 30-700 IU/mL for adults and adolescents or 30-1300 IU/mL for children 6-11 y and sensitization to 1 or more perennial aeroallergens.
kAbsolute eosinophil count of �400 cells/mL at initiation.
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more pronounced with increasing levels of peripheral blood eo-
sinophils and, in some cases, other T2-high biomarkers. In
placebo-controlled clinical trials, omalizumab most effectively
reduced asthma exacerbations in patients with elevated blood
eosinophils and FENO, while real-world data indicate that its
effectiveness in severe allergic asthma is not dependent on blood
eosinophil levels.17,18,28

Outcomes
All approved biologics reduce asthma exacerbations in certain

patient populations. Reductions are highest for those with
T2-high biomarkers as noted above.3 Dupilumab significantly
improves lung function in patients with elevated FENO and
eosinophil counts, reaching clinically meaningful values when
greater than or equal to 50 parts per billion and greater than or
equal to 300 cells/mL, respectively, and in oral
corticosteroidedependent asthma.3,21,29 Statistically significant
improvements in lung function are also seen in patients with FENO

greater than or equal to 25 and less than 50 parts per billion with
dupilumab.21 Dupilumab, benralizumab, and mepolizumab
reduce oral corticosteroid use in patients with asthma with
elevated eosinophil counts, and dupilumab carries an indication
for oral corticosteroidedependent asthma.8,29-31 All biologics may
improve quality of life and asthma control, but the data are less
clear for these outcomes because minimal important differences
were not consistently met in the pivotal trials.3

Comorbid and coexisting conditions

For patients with asthma who suffer from certain comorbid
conditions, choosing a biologic that treats multiple underlying
disease processes is practical. Dupilumab is also approved for the
treatment of atopic dermatitis and chronic rhinosinusitis with
nasal polyposis.8 The utility of benralizumab, mepolizumab, and
omalizumab for nasal polyposis is being examined in clinical
trials, with omalizumab demonstrating improvement in objective
and subjective signs and symptoms of severe chronic rhinosinu-
sitis with nasal polyposis in phase 3 trials.32 Omalizumab is also
approved for the treatment of chronic idiopathic urticaria.10

Mepolizumab is approved, at higher doses, for the treatment of
eosinophilic granulomatosis with polyangiitis (EPGA) and some
types of hypereosinophilic syndrome.9 Reslizumab is dosed on the
basis of weight, which may be important in patients with asthma
and comorbid obesity.11 Omalizumab is also partially dosed on
weight, but dosing data are less robust for patients with higher
weights and total IgE.3,10 The effectiveness of these biologics for
other asthma comorbidities is listed in Table III, based on the
authors’ assessment of the available published evidence.33-39

Safety
All biologics have the potential to cause hypersensitivity re-

actions, but this was higher in the pivotal trials for omalizumab
and reslizumab, which led the US Food and Drug Administra-
tion to impose black box warnings for anaphylaxis risk.10,11

Mepolizumab may increase the risk of herpes zoster outbreaks
and patients should be immunized before initiation if appro-
priate.9 Dupilumab may cause conjunctivitis and keratitis
although these adverse effects are mainly seen in patients with
atopic dermatitis.13 Dupilumab, and possibly omalizumab, may
worsen or trigger hypereosinophilic conditions.8,10 A worsening
of or increased risk for helminth infections is a hypothetical
concern with all biologics. All also warn against discontinuing
oral or inhaled corticosteroids abruptly.3,6 The above safety
profile should be considered in choosing the appropriate biologic
agent when applicable.

Cost
All biologic agents approved for the treatment of asthma are

costly. In the United States, insurance plans occasionally dictate
specific coverage of biologics, which may, in turn, affect the
clinicians’ choice of which biologic to prescribe to a given
patient.40 For those patients without insurance or who cannot
get coverage for insurance, most pharmaceutical companies offer
patient assistance programs. These are unique to the biologic and
can change over time.



TABLE IV. Asthma biologic therapy administration details

Biologic Administration locations Administration devices

Benralizumab7 Health care setting or home Prefilled syringe or autoinjector

Dupilumab8 Health care setting or home for age �12 y Prefilled syringe or prefilled pen

Mepolizumab9 Health care setting or home for age �12 y Prefilled syringe or autoinjector

Omalizumab10 Health care setting only Prefilled syringe or lyophilized powder in a single-dose vial for reconstitution

Reslizumab11 Health care setting only Single-use vial(s)

TABLE III. Biologic effectiveness on asthma comorbidities

Comorbidity Omalizumab Mepolizumab Reslizumab Benralizumab Dupilumab

Atopic dermatitis þ/� � No data No data Indicated

CRSwNP þþþ þ þ þ Indicated

Food allergy þþ No data No data No data þ
Allergic rhinoconjunctivitis/allergic rhinitis þþ No data No data No data þ
ABPA þ þ No data þ/� No data

EGPA þ Indicated No data No data No data

ACO þ No data No data No data No data

þ, Favorable data from smaller clinical trials; þþ, favorable data from larger trials; þþþ, favorable date from phase 3 trials; þ/�, mixed data or case reports only;
e, unfavorable data from clinical trials; ABPA, allergic bronchopulmonary aspergillosis; ACO, asthma-COPD (chronic obstructive pulmonary disease) overlap; CRSwNP,
chronic rhinosinusitis with nasal polyposis; EGPA, eosinophilic granulomatosis with polyangiitis.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 9, NUMBER 3

PEPPER ETAL 1085
Dosing and shared decision making
If more than 1 biologic is a reasonable option for asthma treat-

ment, patient preference is also an important consideration,
especially regarding the method and frequency of administration. If
the patient prioritizes self-administration at home, this is offered for
benralizumab, dupilumab, and mepolizumab in the United
States.7-9 This may offer a clear advantage during the coronavirus
disease 2019 pandemic because some patients are reluctant to have
frequent visits to health care facilities. Omalizumab and reslizumab
must be administered in a health care setting, and reslizumab is
administered intravenously.10,11 Different devices for administra-
tion are also available. Benralizumab, dupilumab, mepolizumab,
and omalizumab all offer prefilled syringes, and benralizumab and
mepolizumab offer autoinjectors (Table IV).7-10 Dupilumab is
dosed the most frequently, every 2 weeks, whereas benralizumab is
dosed every 8 weeks after the first 3 doses (Table I).7,8 More or less
frequent dosing may be desirable for an individual patient. Patients
may also be concerned about certain potential side effects or pri-
oritize particular outcomes. Ideally, the initial biologic choice should
be guided by as much patient input as possible.
SUBOPTIMAL RESPONDERS: EVALUATION AND

MANAGEMENT
Once a biologic is initiated, it is important for clinicians to

monitor its effectiveness and safety by closely following the pa-
tient’s symptoms including asthma control, exacerbation history,
lung function, and other metrics (Figure 1).41 In addition,
monitoring for any adverse effects is imperative but rarely is the
reason to stop or switch therapy. Patients and physicians should be
cognitive that a 4- to 6-month treatment trial period is needed to
assess the optimal effect of biologics before contemplating stop-
ping or switching to another agent.3 Patients who show inter-
mediate response may need to be treated for a longer period of 6
to12 months for optimal response.2 The definition of suboptimal
response should be based on a composite of outcomes because
reductions in asthma exacerbations may not be apparent for more
than 1 year, especially for the patient who has 1 or less exacer-
bation per year. Indeed, the profile of all the approved biologics
indicate a reduction in exacerbations of approximately 50%,3

making it difficult to assess exacerbation reduction in some pa-
tients. In those patients who show a suboptimal response, several
patient-related, disease-related, and medication-related factors
should be considered (Figure 2).

Among the patient-related factors, the most important one
remains nonadherence to background controller therapy or to
the general management plan proposed to ensure asthma con-
trol.3 Many patients fail to realize that the use of a biologic
usually does not replace the need for other controllers, especially
inhalers. It has been reported that some patients may stop or
modify their background controller treatment following the first
administration of a biologic without sharing that decision with
their treating physicians.42 Adherence with the biologic itself is
also an issue, especially for those biologics that are self-
administered. The incremental cost of biologics may force
some patients to prioritize which medication to refill, which may,
in turn, influence their use of other controller medicines or lead
to less frequent dosing. To mitigate this risk, patient education
should be offered to all patients to optimize care. Adherence to
asthma therapies (including biologics, especially in the setting of
self-administration) should be monitored carefully by evaluation
of medication refills or by using smart inhalers with dose
counting. To optimize adherence to the overall management
plan, the European Academy of Allergy and Clinical Immu-
nology guidelines for the treatment of severe asthma using bi-
ologics underscore the importance of a shared decision-making
process at the start of the biologic treatment and establishment of
common goals following the administration of the drug.3

Other patient-related factors include inadequate inhaler tech-
nique and suboptimalmanagement of comorbidities.3 It is therefore
important to reassess such issues in the initial assessment of patients
who demonstrate suboptimal responses to biologics.



FIGURE 1. Assessment of response to biologic asthma therapy. OCS, Oral corticosteroid.
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Disease-related factors include the possibility that the patient’s
disease is driven by different mechanisms than those targeted by
the biologic being used, especially if airway eosinophilia and/or
T2 airway inflammation persist.3 In such cases, it is appropriate
to carefully phenotype the patient and consider switching to
biologics targeting another pathway involved in the persistence of
T2 airway inflammation.43 Reassessment of the biomarker pro-
file, including examining blood, sputum, and exhaled inflam-
matory markers, is advised.3 In addition, a holistic approach,
considering other treatable or nontreatable factors contributing
to the patient’s morbidity and exacerbations, is recommended.
Such factors may include obesity, deconditioning and dysfunc-
tional breathing, and recurrent lower airway infection.44

Medication-related factors include inadequate dosing of an
otherwise efficacious agent and neutralizing antidrug antibodies
(ADAs). Inadequate dosing may be due to the selection of a fixed
dose with some, but not all, marketed biologics. Alternatively,
using a different route of administration (intravenous vs subcu-
taneous) may be an option. Indeed, switching to an agent allowing
weight-adjusted therapy administered by a different route may
provide added benefits, as demonstrated by Mukherjee et al.45 It
has also been widely described that unwanted immunogenicity of
biologics may lead to the development of neutralizing ADAs,
which might in turn alter responses to biologics.46 In the
COLUMBA open-label long-term extension safety study of
mepolizumab (NCT01691859), the percentage of ADAs to
mepolizumab was 8%, a proportion that was consistent with
previous studies.47 Humanized and fully human mAbs can indeed
induce endogenous ADA formation, potentially producing inac-
tive immune complexes (mAb-ADA complex). Formation of
complexes accelerates mAbs’ clearance because binding of the
mAb to ADAs triggers lysosomal degradation.48 Nevertheless, the
exact clinical consequences of ADAs remain unclear in patients
with type 2 asthma treated with biologics. If careful evaluation of
biologic failure suggests that ADAs may be the cause, one should
consider switching to biologics targeting a different pathway or to
a biologic targeting the same pathway but with different mecha-
nism of action or route of administration. Rarely, other causes
could explain treatment failure, including immune dysfunctions
(T2 innate lymphoid cell activation, autoimmune mechanisms, or
IL-5-antieIL-5 complement activating immune complexes).3

These uncommon cases require referral to a specialized center
with multidisciplinary teams after all other causes have been
excluded.

In addition, no airway inflammation or neutrophil-rich
inflammation may be detected at reevaluation for suboptimal
response to a biologic. In that case, T2 inflammation is no longer
regarded as the dominant pathomechanism causing asthma
(T2-low asthma), the biologic should be interrupted, and mea-
sures such as macrolides or bronchial thermoplasty may be
proposed in select cases.3
CONCLUSIONS

Biologic therapies are a promising addition to the repertoire of
treatment options for patients with moderate to severe asthma.
The initial choice of a biologic agent should be personalized for
each patient as much as possible. Factors guiding this initial choice
include asthma severity, phenotype, age, biomarkers, treatment
goals/outcomes, comorbid conditions, safety, and cost. A shared



FIGURE 2. Suggested algorithm to assess suboptimal biologic response in asthma. Adapted from the 2020 EAACI guidelines for biologic
use in severe asthma.3 EAACI, European Academy of Allergy and Clinical Immunology; ILC2, T2 innate lymphoid cell.
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decision-making process is recommended. Patient preferences
regarding route, ease, and frequency of medication administration
as well as the outcomes and safety concerns prioritized by each
patient should be considered when choosing an initial biologic
agent. Adequate time is needed to fully assess clinical responses to
a biologic. For suboptimal responders despite a sufficient trial with
a biologic, patient-, disease-, and medication-related factors should
be investigated. Adherence to background asthma therapies and
the biologic itself are of utmost importance. Reassessment of
biomarkers and the patient’s asthma phenotype and endotype may
be necessary. Consideration of inadequate dosing or ADAs is also
warranted. Ultimately, persistent suboptimal responders may
require a change in biologic therapy to an agent targeting another
pathway or with a different route of administration. For those
patients who develop a T2-low inflammatory asthma profile, other
therapeutic options must be considered.
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