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PERSPECTIVES IN TYPE 2 INFLAMMATION

Evolving Treatment Strategies in  
Type 2 Inflammatory Disease

TREATMENT OF ATOPIC CONDITIONS, such as atopic 
dermatitis (AD), asthma, and chronic rhinosinusitis with 
nasal polyps (CRSwNP), has traditionally encompassed 
several treatment modalities and delivery mechanisms to 
reduce inflammatory response. In recent years, increased 
knowledge regarding the role of type 2 inflammation in 
these conditions has coincided with the development 
of therapies that target specific inflammatory media-
tors and pathways. These targeted therapies provide new 
opportunities to optimize care and reduce adverse events 
(AEs). Specifically, agents targeting various interleukin (IL) 
pathways offer the potential to halt the type 2 inflamma-
tory process. This article reviews the current treatment 
paradigms for AD, asthma, and CRSwNP, with an emphasis 
on the role of IL-based therapies in their management. 

Atopic Dermatitis
AD is a skin disease defined by chronic and pruritic 
inflammation; it follows a relapsing course. It is associ-
ated with elevated serum immunoglobulin (IgE) levels 
and a genetic and environmental history of type I aller-
gies, allergic rhinitis, and asthma.1,2 AD occurs most 
frequently in children, with a prevalence of 10% to 20% 
in the United States. Children with AD often present with 
symptoms within the first year of life.1 

Treatment Overview
Multiple guidelines are available for the treatment of 
atopic dermatitis, the broader goals of which are to 
provide symptom relief and decrease the severity of 
itching.1-3 In addition to potentially improving quality of 
life, appropriate therapy can also help prevent signifi-
cant complications, such as infection, sleep disturbance, 
behavioral problems, and growth impairment.1-3

Topical Agents
Topical agents are used frequently in the treatment of AD, 
even in severe cases, in which they are used in combi-
nation with systemic therapy or phototherapy.2 Topical 
corticosteroids are recommended in adult and pediatric 
patients with AD who have not responded to proper skin 
care regimens and regular use of emollients.2 Topical 
corticosteroids act on different immune cells, including 
T lymphocytes, monocytes, macrophages, and dendritic 
cells. Moreover, these agents have been employed to 
manage active inflammatory disease and prevent relapse 
in AD for 60 years.2

Topical calcineurin inhibitors (TCIs) are second-line 
antiinflammatory therapies used to treat AD. TCIs can 
be used in more sensitive areas or as an alternative to 
steroids, such as in situations of steroid recalcitrance 
or steroid-induced atrophy. TCIs inhibit calcineurin-
dependent T-cell activation and block the production 
of proinflammatory cytokines and of mediators of the 
AD inflammatory reaction. Topical tacrolimus ointment 
(0.03% and 0.1% strengths) and pimecrolimus cream (1% 
strength) have shown to be effective in adults and chil-
dren with active disease in the short term (3-12 weeks) 
and long term (up to 12 months).2

Patients with AD have a compromised physical barrier 
on the skin and thus are prone to infections. If an infec-
tion is present, the use of topical antimicrobials may be 
warranted. For instance, bleach baths and intranasal 
mupirocin may be used in patients with moderate to 
severe disease who have signs of a secondary bacterial 
infection to reduce the severity of the AD.2

Phototherapy and Systemic Immunomodulatory Agents
According to guidelines from the American Academy of 
Dermatology, phototherapy is a second-line treatment 
and can be used in maintenance therapy of chronic 
disease.4 Several factors affect the utility of phototherapy 
as a viable modality in AD, such as availability, cost, 
patient skin type, skin cancer history, and patient use of 
photosensitizing medications.4 Phototherapy treatments 
must be administered under the guidance of a physician 
who has knowledge of phototherapy.

Systemic immunomodulatory agents are reserved 
for the subset of adult and pediatric patients who 
have uncontrolled disease that is having a signifi-
cant negative physical, emotional, or social impact. 
These agents are best used for limited time periods, 
such as for acute, severe exacerbations of the disease, 
or as short-term bridge therapy to other systemic, 
steroid-free therapy.4

IL Inhibitors
Many of the available treatment options for AD offer 
symptom relief rather than addressing the core pathways 
through which the inflammatory cascade takes place. 
The FDA approval of the IL-4/IL-13 inhibitor dupilumab 
in 2017 for the treatment of adults with AD repre-
sented a new step in the management of AD, prompting 
the development of multidisciplinary consensus 
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recommendations focused on novel therapies for the 
diagnosis and treatment of disease.3 

Dupilumab binds to the α subunit of the IL-4 receptor, 
which modifies the signaling of both the IL-4 and IL-13 
pathways.5-7 It is currently the only monoclonal antibody 
approved for the treatment of AD. The initial approval 
of dupilumab in adults with moderate to severe AD 
was based on findings from three phase 3 trials: SOLO 
1, SOLO 2, and CHRONOS.5,6 SOLO 1 and SOLO 2 were 
identical in design and enrolled adults with moderate to 
severe AD whose disease was inadequately controlled 
by topical treatment. Patients with AD were randomized 
1:1:1 and received 300 mg doses of weekly dupilumab 
subcutaneously, placebo weekly, or a 300-mg dose of 
dupilumab every other week alternating with placebo 
for 16 weeks. The proportion of patients who had both 
an Investigator’s Global Assessment (IGA) score of 0 or 
1 (clear or almost clear) and a score that had gone down 
at least 2 points between baseline and week 16 was the 
primary outcome of the study.5

Totals of 671 and 708 patients were enrolled in SOLO 
1 and SOLO 2, respectively. At 16 weeks, 38% of patients 
in SOLO 1 and 36% in SOLO 2 who received dupilumab 
300 mg every 2 weeks achieved clear or almost clear skin.5 
Among patients who received either regimen of dupil-
umab, 51% and 44% in SOLO 1 and SOLO 2, respectively, 
achieved 75% or greater reduction in the Eczema Area 
and Severity Index (EASI) score. Patients who received 
dupilumab saw such improvements as reduction in 
pruritus, decreased symptoms of anxiety or depression, 
and improvement in quality of life. However, patients in 
the dupilumab group saw more injection-site reactions 
and conjunctivitis than those in the placebo group.5 

The CHRONOS study examined the use of dupilumab 
with topical steroids in patients with AD.6 At 16 weeks, 
39% of patients receiving dupilumab 300 mg every 2 
weeks, along with topical corticosteroids, achieved clear 
or almost clear skin, and 69% of patients receiving that 
combination achieved EASI-75. Additionally, 59% of 
patients receiving the dupilumab/topical corticoste-
roid combination achieved a ≥4-point improvement in 
patient-reported daily itch intensity. At 52 weeks, 36% 
of patients receiving the dupilumab/topical cortico-
steroid combination every 2 weeks achieved clear or 
almost clear skin. 

Findings from the LIBERTY AD SOLO trials, presented 
in March 2018, indicated that dupilumab was effec-
tive for adults with AD, even those with comorbid 
asthma.8 Results from a 16-week study showed that more 
patients with comorbid asthma receiving dupilumab 
300 mg once or twice weekly achieved IGA 0/1 versus 
placebo (34.1%/31.9% vs 9.3%), EASI-75 (50.0%/47.4% 
vs 13.7%), and Peak Pruritus Numerical Rating Scale 

(NRS) improvement ≥4 (37.9%/37.8% vs 9.3%; P <.0001 
for all). Patients without comorbid asthma showed 
similar results. The investigators noted that dupilumab-
treated patients with and without comorbid asthma had 
comparable and significant improvements in AD signs 
and symptoms. More studies are needed to evaluate the 
benefits of dupilumab in patients with severe AD with 
comorbid type 2 inflammatory conditions.

Although the 2017 FDA approval of dupilumab for 
adults with moderate to severe AD was significant, an 
unmet need for new monotherapies in the pediatric 
population persisted until March 2019, when dupil-
umab was approved to treat children aged 12 to 17 years 
with moderate to severe AD.7 Prior to that approval, 
a multicenter, randomized, double-blind, placebo-
controlled, phase 3 trial included patients of those ages 
with moderate to severe AD. Eligible patients also had an 
Eczema Area Severity Index score of at least 16 (on a scale 
of 0 to 72), a minimum of 10% body surface area involve-
ment, and previous inadequate response to topical 
medication. Patients in the study with a baseline weight 
of less than 60 kg received an initial dose of 400 mg 
followed by doses of 200 mg for 16 weeks. Those with a 
baseline weight of at least 60 kg received an initial dose of 
600 mg, followed by weekly doses of 300 mg for 16 weeks. 
Patients were considered nonresponders if they received 
rescue treatment at the discretion of the investigator. The 
primary outcome was the proportion of participants with 
an IGA score of clear or almost clear and at least a 2-point 
improvement from baseline to week 16. Other end points 
were the proportion of subjects with EASI-75 or EASI-90 
and a reduction in itch as measured by the Peak Pruritus 
NRS (≥4-point improvement). 

After 16 weeks, results were similar to those evaluating 
dupilumab in adults with AD. Average improvement 
in EASI was 66% in those treated with dupilumab, 
compared with 24% for placebo.7 Additionally, 42% 
of patients treated with dupilumab achieved at least 
a 75% improvement in skin improvement, compared 
with 8% of those receiving placebo. Also of note, 24% of 
patients with an IGA score of clear or almost clear who 
received dupilumab based on their weight reached the 
primary outcome, compared with 2% of the placebo arm. 
Dupilumab was also shown to significantly reduce itch in 
37% of those treated, compared with 5% for placebo.

Long-term safety and efficacy of the drug in adoles-
cents was assessed in an open-label extension study. 
These results were consistent through 52 weeks, with 
common AEs being injection-site reactions, eye and 
eyelid inflammation, throat pain, and cold sores in or on 
the mouth and lips.7

The new indication for dupilumab for adolescents 
aged 12 to 17 years represents a significant step in 
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the trajectory of AD care. Additionally, investigations 
continue for a potential indication in patients aged 6 to 
11 years with severe AD not well controlled by topical 
medications9; in 2016, dupilumab was granted break-
through designation by the FDA for this indication. See 
Table 1 lists ongoing clinical trials evaluating dupilumab 
in atopic dermatitis.9-13

 
Investigational IL Inhibitors for Atopic Dermatitis
Several IL inhibitors are in development for the treatment 
of AD. Lebrikizumab, which targets the IL-13 pathway, 
has shown promising results in a phase 2, randomized, 
placebo-controlled, double-blind study.14 Eligible adults 
with AD were required to use topical corticosteroids for 
2 weeks and were then randomized 1:1:1:1 into 4 arms: 
a single 125-mg lebrikizumab dose; a single 250-mg 
lebrikizumab dose; 125-mg doses of lebrikizumab every 
4 weeks for 12 weeks; or placebo every 4 weeks for 12 
weeks. The primary end point was achievement of an 
EASI-50 score. Of the patients who received lebrikizumab, 
82.4% achieved the primary end point with 125 mg doses 
every 4 weeks (P = .026). In the placebo arm, 62.3% of 
patients reached the primary end point. Patients who 
received a single dose of the drug experienced no signifi-
cant improvement.14

In March 2019, lebrikizumab manufacturer Dermira 
revealed results of a 16-week phase 2b trial showing that 
33.7% of patients treated with lebrikizumab every 4 weeks 
achieved clear or near-clear skin, compared with 15.3% 
of those receiving placebo. Additionally, 56.1% of patients 
in this group achieved a reduction of at least 75% from 
baseline in EASI score, while 36.1% of patients achieved a 
90% reduction. Safety data were consistent with those of 
previous studies. The company is expected to initiate its 

phase 3 clinical trial program by the end of 2019.15

Tralokinumab is another agent in development that 
targets IL-13. In a phase 2b study, adults (N = 204) with 
moderate to severe AD were randomized 1:1:1:1 to receive 
45 mg, 150 mg, or 300 mg of subcutaneous tralokinumab, 
or placebo, every 2 weeks for 12 weeks, along with 
topical glucocorticoids.16 The primary end point was the 
percentage of participants with a reduction of >2 grades 
from the baseline in the EASI score and with an IGA 
response (0/1 score) at week 12. At 12 weeks, patients 
receiving 300 mg of tralokinumab were significantly 
improved from baseline in EASI score versus placebo 
(adjusted mean difference, –4.94; 95% CI, –8.76 to –1.13; P 
= .01), and a greater percentage of participants achieved 
an IGA response (26.7% vs 11.8%). Those with increased 
IL-13 activity experienced greater responses.16 Phase 3 
trials for tralokinumab are currently underway.

Several other agents are being evaluated that target 
IL pathways in AD, including IL-12, IL-23, IL-17A, 
IL-31/31R, TLSP, and anti-OX40. Additional areas of 
research, beyond IL pathways, may involve various 
immune and nonimmune mediated responses.17

 
Asthma
Asthma is typically characterized by airway inflam-
mation, structural changes to the bronchial wall, and 
bronchial hyperresponsiveness with clinical episodes of 
wheeze, shortness of breath, chest tightness, and cough.18

Treatment Overview
Guidelines from the National Asthma Education and 
Prevention Program for initial diagnosis and treatment of 
asthma involve controlling the disease with appropriate 
medication for long-term management and making 

Table 1. Current Ongoing US Clinical Trials for Dupilumab for the Treatment of Atopic Dermatitis9-13a

Name NCT# Status Estimated Completion Date
Immunogenetic Profiling of Dupilumab for the 
Treatment of Atopic Dermatitis

NCT03293030 Recruiting October 2019

Study to Investigate the Efficacy and Safety 
of Dupilumab Administered With Topical 
Corticosteroids (TCS) in Participants ≥6 to <12 
Years With Severe Atopic Dermatitis (AD)

NCT003345914 Active, not recruiting June 2020

The Impact of Dupilumab on Quality of Life in 
Moderate to Severe Atopic Dermatitis Patients

NCT03667014 Recruiting October 2020

A Study to Compare Safety and Efficacy of 
Upadacitinib to Dupilumab in 
Adult Participants With Moderate to Severe  
Atopic Dermatitis

NCT03738397 Recruiting September 2020

Study to Assess the Long-Term Safety of 
Dupilumab Administered in Participants ≥6 Months 
to <18 years of Age With Atopic Dermatitis (AD)

NCT02612454 Enrolling by invitation November 2023

aNot a complete list of trials.
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therapy adjustments as necessary on an individual basis. 
Initial visits consist of diagnosis, assessment of severity, 
initiating and demonstrating medication use, devel-
oping a treatment plan, and scheduling a follow-up visit. 
Follow-up appointments are recommended to assess how 
the patient is responding to treatment and to determine 
whether adjustments are needed to the asthma therapy 
plan and/or medication.19

The existing goal of asthma therapy is to provide long-
term management and improve overall symptom control. 
To successfully achieve disease control, it is essential to 
do the following to reduce impairment and risk19:

• Avoid exacerbations.
• Prevent chronic symptoms.
• Decrease use of short-acting β2 agonists.
• Maintain lung function and normal activities.
• Minimize the need for emergency department 

visits and hospitalizations.
• Reduce AEs.
• Prevent loss of lung function.

Additionally, patient education, environmental control, 
and management of comorbidities play an important role 
in asthma management.19

Several therapeutic options are available to help 
control disease symptoms and reduce exacerba-
tions. Often, treatment selection is dependent on 
disease severity.20

Corticosteroids
Two types of corticosteroids are indicated for the treat-
ment of asthma. Inhaled corticosteroids (ICS) provide 
the most effective long-term control for persistent 
asthma, because they reduce inflammation and prevent 
symptoms when administered daily (recommended 
use).19 ICS have shown activity on multiple inflam-
matory cell types, including mast cells, eosinophils, 
neutrophils, macrophages, and lymphocytes, as well as 
inflammatory mediators (eg, histamines, eicosanoids, 
leukotrienes, cytokines). The benefits of ICS are not 
immediate; it may take 1 to 2 weeks or longer for benefits 
to be completely present.21 Oral corticosteroids may be 
given as a short-course treatment if a patient is having 
an acute exacerbation or in cases of uncontrolled severe 
disease. Regardless of delivery mechanism, chronic use of 
systemic oral corticosteroids is associated with a signifi-
cant occurrence of AEs.22

β2 Agonists and Leukotriene-Receptor Antagonists
Short-acting β2 agonists (SABAs) are used for quick relief 
of asthma symptoms to manage acute exacerbations. This 
medication class is indicated for the treatment of bron-
chospasms in patients with obstructive airway disease 

and exercise-induced bronchospasms.23 Long-acting β2 
agonists (LABAs) may be added to the treatment plan for 
patients who are not well controlled on ICS or for those 
whose disease calls for both an ICS and a LABA. As SABAs 
do, LABAs exert their effects by agonizing β2 receptors, 
leading to the relaxation of bronchial smooth muscle.24 
LABAs should not be used as monotherapy for long-
term control.19

Leukotriene-receptor antagonists (LTRAs) are indicated 
for the treatment of chronic asthma and for prophylaxis. 
The most commonly used LTRAs for asthma treatment 
are montelukast and zafirlukast. Zafirlukast was the 
first LTRA to receive FDA approval to prevent exercise-
induced bronchospasms in both adults and children 
with asthma.25-27

Monoclonal Antibodies
Not all cases of asthma can be appropriately treated 
with ICS, β2 agonists, and LTRAs. For patients with 
severe asthma, monoclonal antibodies can reduce 
airway inflammation and address underlying type 2 
inflammation.28 One agent that targets this pathway is 
omalizumab, an anti-IgE antibody that has been shown 
to slow airway responses to inhaled allergens. Approved 
by the FDA in 2003, omalizumab has also been shown to 
reduce exacerbation rates and maintenance doses of oral 
corticosteroids.29 

Targeting Type 2 Inflammation With Interleukin 
Inhibitors
For subgroups of patients who have severe asthma, in 
whom standard treatment options are not successful, 
treatment may be needed to target specific inflammation 
pathways.30 Targeting various IL pathways and receptors 
directly has been shown to offer important benefits. 

IL-5
The first IL-based agents approved for the treatment of 
asthma were IL-5 inhibitors. As described in the previous 
article (p. 4), IL-5 is a crucial cytokine in multiple asthma 
phenotypes and places selective action on eosinophils, 
which in turn worsens asthma symptoms, inflammation, 
and overall severity of the disease. As add-on mainte-
nance therapies, drugs that target IL-5 or IL-5Ra (the IL-5 
subunit) have shown benefits in patients with refractory 
asthma with an eosinophilic phenotype who continue to 
have inadequate asthma control or exacerbations despite 
corticosteroid use. Three IL-5 inhibitors have been 
approved for asthma.31

Mepolizumab, approved by the FDA in 2015, is an IL-5 
receptor antagonist indicated as an add-on maintenance 
treatment for patients aged ≥12 years with severe asthma 
and eosinophilic phenotype.32 MUSCA, a randomized, 
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double-blind, placebo-controlled, parallel-group, multi-
center phase 3b trial evaluated mepolizumab and its 
effect on health-related quality of life (HRQoL) in patients 
aged ≥12 years with severe eosinophilic asthma, with 
a history of ≥2 exacerbations that required treatment 
within the year prior to the study.33 Enrolled patients 
received 100 mg mepolizumab (n = 274) or placebo (n = 
277). The mepolizumab group had significant improve-
ments, versus the placebo arm, from baseline to week 
24 in St George’s Respiratory Questionnaire total scores 
(mean least squares change –156 [1.0] vs –7.9 [1.0]). 
More patients who received placebo reported 1 or more 
on-treatment AEs compared with those who received 
mepolizumab (74% vs 70%). Investigators also found that 
mepolizumab contributed to significant HRQoL improve-
ments in patients with severe eosinophilic asthma.33

In 2016, the FDA approved the IL-5 inhibitor resli-
zumab as an add-on maintenance treatment for use in 
patients aged ≥18 years who have severe asthma with 
an eosinophil phenotype.34 Results from a phase 3 study 
testing reslizumab in patients with poorly controlled 
asthma and eosinophils demonstrated efficacy and 
good tolerability in patients with high eosinophils, 
and the agent was well tolerated.35 In patients who 
had baseline eosinophils <400 cells/μL, there was no 
significant improvement in forced expiratory volume in 
1 second (FEV1) in either patient population. However, 
those with eosinophils ≥400 cells/μL who were treated 
with reslizumab, compared with placebo, experienced 
considerable improvements in FEV1, Asthma Control 
Questionnaire-7 responses, SABAs used, and forced vital 
capacity. The reslizumab cohort also experienced fewer 
AEs than the placebo group.35

Benralizumab, FDA approved in 2017, is indicated as 
an add-on maintenance treatment for patients aged ≥12 
years with severe asthma and eosinophilic phenotype.36 
In SIROCCO, a randomized, double-blind, parallel-
group, placebo-controlled phase 3 study, researchers 
assessed the safety and efficacy of benralizumab at 374 
sites in 17 countries.37 Of 2681 recruited patients aged 
12 to 75 years, 1205 participants met the study criteria. 
Patients were randomized to receive either placebo, 
benralizumab 30 mg every 4 weeks, or benralizumab 
30 mg every 8 weeks (n = 398). Results showed that 
when given every 4 or 8 weeks, benralizumab reduced 
the annual asthma exacerbation rate. At week 48, both 
benralizumab dosing regimens considerably improved 
prebronchodilator FEV1 compared with placebo. 
Common AEs were worsening asthma (observed in 
13% and 19% of patients receiving benralizumab and 
placebo, respectively) and nasopharyngitis (observed 
in 12% of patients treated in the 2 benralizumab groups 
and the placebo group).37

In CALIMA, a randomized, double-blind, placebo-
controlled phase 3 trial, investigators evaluated 
benralizumab as an add-on treatment in patients 
with severe, uncontrolled asthma and high eosinophil 
counts.38 The trial was conducted at 303 sites in 11 coun-
tries with patients aged 12 to 75 years; each had severe 
asthma, uncontrolled on medium-to-high ICS plus LABA, 
and a history of ≥2 exacerbations within the year prior 
to randomization. Of 2505 patients who were enrolled, 
1306 were randomized; 425 were assigned to 30 mg 
benralizumab every 4 weeks, 441 to 30 mg benralizumab 
every 8 weeks, and 440 to placebo. The primary analysis 
population consisted of 728 patients. Annual exacerba-
tion rate ratio for benralizumab versus placebo was the 
study’s primary end point. Patients administered benrali-
zumab every 4 or 8 weeks experienced significantly lower 
exacerbation rates compared with those on placebo. Also, 
benralizumub was found to be a well-tolerated medica-
tion for patients with uncontrolled asthma with blood 
eosinophils ≥300 cells per μL.38

IL-4/13
Although the IL-5 pathway plays a significant role in 
asthma, the utility of the currently available IL-5 inhibi-
tors is limited to a particular subset of patients with 
severe disease and high eosinophil counts. IL-13, another 
active pathway in the type 2 inflammatory process that 
contributes to multiple aspects of asthma, has also 
been the focus of therapeutic development in recent 
years.39 Lebrikizumab and tralokinumab, both IL-13 
inhibitors, were evaluated for potential indications for 
asthma. Lebrikizumab met its primary end point in 1 
of 2 phase 3 trials,40 and tralokinumab missed its phase 
3 trial end points.41 Despite the challenges in targeting 
IL-13 in asthma, however, IL-13 was revealed to be a 
more promising pathway when targeted together with 
IL-4 via dupilumab.

In a phase 2 trial, the safety and efficacy of dupilumab 
was evaluated in patients with moderate to severe asthma 
with a blood eosinophil count of ≥300 cells/μL or sputum 
eosinophil level of ≥3% who had used medium-to-high 
doses of ICS plus LABAs. Patients were either adminis-
tered 300 mg dupilumab (n = 52) or placebo (n = 52) once 
weekly. They were also given instructions to discontinue 
LABAs starting at week 4 and ICS from weeks 6 to 9. The 
primary end point was occurrence of asthma exacerba-
tion. An 87% reduction in asthma exacerbation occurred 
with dupilimab (odds ratio, 0.08; 95% CI, 0.02-0.28; P 
<.001) and significant improvements were found in 
multiple measures of lung function and asthma control. 
Twenty-three patients (44%) with placebo and 3 patients 
(6%) with dupilumab experienced asthma exacerba-
tion. AEs were more frequent in patients given dupilmab 
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compared with placebo (eg injection-site reactions, naso-
pharyngitis, nausea, and headache).42

In 2018, the FDA approved dupilumab as an add-on 
maintenance treatment in patients aged ≥12 years 
with moderate to severe asthma and eosinophilic 
phenotype or corticosteroid-dependent asthma.7 The 
approval was based on results from 3 clinical trials 
showing that dupilumab reduced severe exacerbations 
and ICS use for improved lung function. It is the only 
FDA-approved biologic agent for patients with moderate 
to severe asthma. 

In the first trial that led to FDA approval, patients were 
randomly assigned to receive subcutaneous dupilumab 
200 mg, dupilumab 300 mg, or placebo every 2 or 4 weeks 
for 24 weeks. The trial had 2 subsets of patients: those 
with eosinophils >300 cells/μL and those with eosino-
phils <300 cells/μL. Increases in FEV1 were seen across 
all groups. Patients receiving dupilumab every 2 weeks 
experienced reductions in annualized rates of exacer-
bation of 71.2%-80.7% (patients with eosinophils >300 
cells/μL) and 59.9%-67.6% (patients with eosinophils 
<300 cells/μL).43

In the second trial, lasting 52 weeks, participants 
received add-on subcutaneous dupilumab at doses 
of 200 mg or 300 mg, or placebo, every 2 weeks.44 
Annual severe exacerbation rates and FEV1 change 
from baseline to week 12 were the primary end points. 
In the 200-mg group, there was a 47.7% lower rate of 
exacerbations with dupilumab compared with placebo 
(P <.001). The total rate of severe asthma exacerba-
tions in patients who received 200 mg of dupilumab 
every 2 weeks was 0.46 (95% CI, 0.39-0.53); it was 0.87 
in the placebo group (95% CI, 0.72-1.05). In patients 
with eosinophils >300 cells/μL, dupilumab reduced 
severe exacerbations 65.8% and 67.4% more than with 
placebo, in the lower- and higher-dose groups, respec-
tively. In patients with eosinophil counts <300 cells/

μL, dupilumab reduced severe exacerbations 35.6% 
and 44.3% more than with placebo, in the lower- and 
higher-dose groups, respectively. Across groups, dupi-
lumab also improved FEV1 by 29% to 33%, compared 
with 14% to 16% for placebo.44 Post intervention, 52 
patients who were administered dupilumab experi-
enced blood eosinophilia, compared with 4 patients 
who were given placebo. Participants who were given 
dupilumab compared with placebo had overall better 
lung function and asthma control and considerably 
lower rates of severe asthma exacerbation.44

The third trial that led to dupilumab’s approval evalu-
ated the effect of dupilumab in patients dependent on 
oral corticosteroids.45 Findings indicated that dupilumab 
reduced average daily oral corticosteroid use by 70%, 
compared with 42% for placebo. In the overall popula-
tion, dupilumab resulted in a 59% reduction in severe 
exacerbations compared with the placebo group.45 Table 
2 includes more information about ongoing trials evalu-
ating dupilumab in asthma.46-49

Investigational IL Inhibitors for Asthma
Given the promise of therapeutic inhibition of IL path-
ways in asthma, research into inhibition of additional 
inflammatory pathways is underway. IL-17, for instance, 
has shown promise. Patients with severe asthma have 
been found to have IL-17A/F in their bronchoalveolar 
lavage fluid and airway tissue, correlating with disease 
severity and neutrophil inflammation.50 Several drugs 
have been tested to target this pathway, including broda-
lumab and secukinumab. Both of these agents have been 
approved for the treatment of psoriasis, but in these 
asthma investigations, both were found to either lead 
to severe mental health issues or did not demonstrate 
significant changes in Asthma Control Questionnaire 
Scores.50 Currently, CJM112, an anti–IL-17A agent, is 
being evaluated in a phase 2 clinical trial in patients with 

Table 2. Current Ongoing US Clinical Trials for Dupilumab for the Treatment of Asthma46-49

Name NCT# Status Estimated Completion Date
Assessment of the Safety and Efficacy of 
Dupilumab in Children With Asthma (Liberty 
Asthma Excursion)

NCT03560466 Recruiting April 2026

Evaluation of Dupilumab in Children With 
Uncontrolled Asthma (VOYAGE)

NCT02948959 Recruiting July 2021

Long-Term Safety Evaluation of Dupilumab 
in Patients With Asthma (LIBERTY ASTHMA 
TRAVERSE)

NCT02134028 Active, not recruiting November 2019

Effect of IL-4RαR576 Polymorphism on Response 
to Dupilumab in Adolescents and Adults With 
Asthma (I-DAG)

NCT03694158 Not yet recruiting October 2023
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inadequately controlled moderate to severe asthma who 
have low IgE and blood eosinophil levels. Results are 
expected in July 2019.51

Predicting patient response to therapy remains a chal-
lenge for type 2 inflammation in asthma.52 Nevertheless, 
significant opportunity remains for the utilization of IL 
inhibitors as monotherapies and potentially in combi-
nation with other agents, to target type 2 inflammatory 
pathways and offer relief to patients with asthma.

Chronic Rhinosinusitis With Nasal Polyps
Traditional treatment options for CRSwNP include 
topical corticosteroids, nasal saline, short-term antibi-
otics (if infection is present), oral corticosteroids (for 
acute exacerbations), and surgery (after all other options 
have been attempted).53,54 Currently, no monoclonal anti-
bodies are FDA approved for the treatment of CRSwNP, 
but several have been evaluated. For example, trial results 
have shown potential benefit for omalizumab in patients 
with CRSwNP and comorbid asthma.55 Additionally, drugs 
with a higher affinity for and increased ability to suppress 
free IgE are currently being developed.56

Treating Type 2 Inflammation With  
Interleukin Agents
Among other monoclonal antibodies, IL inhibitors 
have shown efficacy in the treatment of CRSwNP.54 In 
March 2019, dupilumab was granted Priority Review 
by the FDA for a Supplemental Biologics Application as 
add-on maintenance treatment for adults with severe, 
inadequately controlled CRSwNP. Data from the phase 3 
SINUS-24 and SINUS-52 trials were presented at the 2019 
American Academy of Allergy, Asthma & Immunology 
annual meeting in San Francisco.57 Results showed 42% 
and 27% improvement in sinus opacification at 24 weeks 
among dupilumab-treated patients with CRSwNP in 
SINUS-24 and SINUS-52, respectively, versus 4% and 0% 
with placebo. Treatment with dupilumab was also associ-
ated with 146% and 108% improvement in the ability to 
identify different smells at 24 weeks in SINUS-24 and 
SINUS-52, respectively, versus 19% and 7% with placebo. 
With dupilumab, improvements in HRQoL of 60% and 
51% in SINUS-24 and SINUS-52, respectively, were also 
observed, along with improvements in lung function. 
Moreover, both trials showed reductions of 73% and 
76% in rescue treatment with systemic corticosteroids 
and in nasal polyp surgery, in SINUS-24 and SINUS-52, 
respectively. The reduction in the use of corticoste-
roids extended to patients with comorbid asthma, 
as well (58.3% and 59.6% in SINUS-24 and SINUS-
52, respectively).

IL-5 inhibitors are also under consideration for the 
treatment of CRSwNP. For instance, mepolizumab is a 

targeted anti–IL-5 monoclonal antibody that is currently 
in phase 3 trials. In the SYNAPSE study, participants are 
receiving mepolizumab or placebo every 4 weeks for  
52 weeks. The patients are receiving standard-of-care 
treatments consisting of mometasone nasal spray, saline 
nasal douching, and occasional short courses of anti-
biotics and/or systemic corticosteroids. The study is 
ongoing and no results have yet been published.58 

The IL-5 inhibitor reslizumab is also under consid-
eration for treatment of CRSwNP. Post hoc results from 
phase 3 trials found that add-on reslizumab treatment 
reduced frequency of asthma exacerbations by 83% 
versus placebo.59 

Future Directions
Significant advances regarding the inhibition of IL-4/13 
within the past year alone suggest the broader impor-
tance of type 2 inflammation across atopic conditions. 
In asthma, following the FDA approval of dupilumab 
as an add-on maintenance treatment in patients aged 
≥12 years with moderate to severe asthma and eosino-
philic phenotype or corticosteroid-dependent asthma, 
the Global Initiative for Asthma recognized the role of 
type 2 inflammation in its April 2019 Pocket Guide for 
difficult-to-treat and severe asthma. The guidelines 
provide a blueprint for care that incorporates various 
IL-based therapies if type 2 inflammation is present.60 
The guidelines also note several factors that should 
be considered when selecting an appropriate therapy, 
including local payer eligibility criteria, predictors of 
response, cost, dosing frequency, deliver route, and 
patient preference.

In AD, the recent approval of dupilumab in adolescent 
patients aged between 12 and 18 years with moderate 
to severe AD, coupled with FDA breakthrough designa-
tion and ongoing trials evaluating dupilumab in patients 
with severe AD as young as 6 years, suggest the potential 
for dupilumab to offer benefit to patients in various age 
populations and stages of disease. Also promising is the 
FDA priority review for dupilumab in adult patients with 
inadequately controlled severe CRSwNP. 

Given the rapid rate of these developments, the 
broader utility of IL inhibition in atopic diseases is 
increasingly evident. This may be particularly relevant 
given the frequency of comorbid conditions in patients 
with these diseases.61 Thus, results from the LIBERTY 
AD SOLO trials showing the benefits of dupilumab in 
patients with AD and comorbid asthma offer the hope 
to broadly modify the course of type 2 inflammatory 
diseases. Ongoing research and development will likely 
provide greater clarity regarding the etiology of type 2 
inflammatory disease, with the possibility of yielding 
additional efficacious targeted interventions. ◆
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