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Objective: Five biologic therapies have FDA-approved indications for difficult-to-control 

asthma. The clinical trials that proved the efficacy and safety of these biologics were 

often similar in their inclusion criteria, study designs, and endpoints. Many of these 

trials have been re-analyzed post-hoc to identify subsets of subjects considered to be 

enhanced responders. As a result, it has become increasingly difficult to keep up with 

the literature and decide on the most appropriate biologic for our patients. This review 

summarizes and compares trial designs, patient cohorts and study results of the major 

trials involving these therapies. 

 

Data Sources: Included are basic science articles, online FDA applications, and all 

the published reports of phase II and phase III clinical trials for FDA-approved asthma 

biologics. 

 

Study Selections : Included are the major phase II and phase III clinical trials of 5 

asthma biologics. 

 

Results : Due to variations in inclusion criteria and natural variations in enrolled 

cohorts, the baseline clinical traits and severity of study populations in asthma biologic 

trials differed significantly, which is important since baseline annualized exacerbation 

rates and blood eosinophilia are both strong predictors of a biologic’s success. 

Notwithstanding, the trial results, when considered together, can help guide care 

providers in choosing the most appropriate biologic for our patients. 

 

Conclusion: Understanding the details and differences in asthma biologic trial designs, 

patient cohorts, and in study results will help care providers make more informed 

decisions when choosing a biologic. We are hopeful this review will serve as reference 

to care providers for this purpose. 
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INTRODUCTION 1 

 Affecting roughly 8% of the U.S. population, asthma costs an estimated $82 billion annually related 2 

to medication use, missed work and school days, urgent healthcare utilization, and early deaths [1-3]. 3 

Severe asthma (SA) is defined as asthma requiring high dose inhaled corticosteroids (ICS) plus a second 4 

maintenance medication and/or systemic steroids to prevent becoming uncontrolled or remaining 5 

uncontrolled despite this therapy [4]. SA affects 10% of asthma patients, but accounts for 50% of all 6 

healthcare costs [5]. In children, poor asthma control increases the risk of hospitalization, ED visit, or 7 

systemic steroid burst by six-fold [6].  8 

 Asthma is diagnosed by a clinical history of cough, shortness of breath, and chest tightness with 9 

confirmatory pulmonary function tests showing increased airway hyper-reactivity and/or reversible 10 

airflow limitation. There exists a diverse array of asthma phenotypes [7], although it is common practice 11 

to characterize asthma patients by the presence or absence of Type 2 (T2) inflammation in the airways. 12 

T2 inflammation is driven by cytokines IL-4, IL-5 and IL-13, which are secreted by CD4+ Type 2 (Th2) 13 

lymphocytes and innate lymphoid type 2 (ILC2s) cells [8]. The presence of T2 inflammation in the 14 

airways can be identified by a specific airway epithelial cell (AEC) mRNA gene expression signature [9-15 

11], which when detected, correlates clinically with atopy, eosinophilia, and high fractional exhaled 16 

nitric oxide (FeNO) [10, 11].  This T2 gene expression signature was identified by measuring global mRNA 17 

gene expression changes in AECs (in an air liquid interface cell culture) following in vitro IL-13 18 

stimulation [9, 10]. The signature was then validated in ex vivo AECs derived from the lower airways of 19 

asthmatic and healthy control subjects [9, 10]. Subsequent studies, although performed primarily in 20 

cross-section, have indicated that roughly 50% of asthma patients have T2 ‘high’ disease [9-11].  21 

 T2 inflammation and eosinophilia are highly connected. A gene included in the AEC T2 gene 22 

signature is eotaxin-3 (CCL26), a major eosinophil chemokine [11]. Its presence indicates that IL-13 23 

upregulates CCL26 gene expression in AECs, which ultimately increases eotaxin-3 protein secretion and 24 
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trafficking of eosinophils into the airways. In agreement, treatment of AECs in vitro with IL-13 has shown 25 

to induce eotaxin-3 protein expression [12]. IL-5, which is required for eosinophil maturation and their 26 

release from the bone marrow, also connects T2 and eosinophilic inflammation [13]. Eosinophils amplify 27 

airway inflammation, worsen exacerbations, and likely contribute to the chronic airway changes in 28 

asthma [14]. Approximately 50% of patients with severe asthma have persistent airway tissue 29 

eosinophils [4, 15]. 30 

 The disease mechanisms in T2 ‘low’ asthma are largely unknown. Some proposed drivers of 31 

inflammation in T2 low asthma include innate cytokines (IL-1, IL-6, IL-8), interferons, TNF-α [16, 17], 32 

thymic stromal lymphopoietin (TSLP) [18-20], IL-25 [20, 21], and IL-33 [20, 22]. TSLP and IL-33 likely also 33 

promote T2 inflammatory responses [23, 24]. 34 

 Five biologic therapies have FDA-approved indications for moderate-to-severe allergic asthma 35 

(omalizumab), moderate-to-severe asthma with an eosinophilic phenotype or with oral corticosteroid 36 

dependent asthma (dupilumab), or severe eosinophilic asthma (mepolizumab, reslizumab, 37 

benralizumab). These biologics target either T2- or eosinophilic-driven inflammation (See Table 1), which 38 

as mentioned, are often connected. The clinical trials that proved the efficacy and safety of these 39 

biologics were similar in their inclusion criteria, study protocols, and measured outcomes (i.e. 40 

annualized exacerbation rates, forced expiratory volume in 1 second (FEV1), standardized asthma 41 

symptoms scores, and ability to wean systemic steroids). Initial trial results are now being re-analyzed 42 

and re-interpreted in subsets of asthma patients that demonstrate enhanced responses. As a result, it 43 

has become increasingly difficult to keep up with the growing body of literature surrounding asthma 44 

biologic therapy. The aim of this review is to summarize and compare trial designs, patient cohorts and 45 

the study results of all major trials involving asthma biologics. To maintain a clinical focus, we limit our 46 

discussion to FDA-approved therapies only, and unless specified, only statistically significant study 47 

results are reported in our review.  48 
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BODY 49 

Mechanisms of Action (See Figure 1) 50 

Anti-IgE therapy (omalizumab): Omalizumab is a recombinant, DNA-derived humanized IgG1 κ antibody 51 

that binds to the Fc region of IgE and blocks its binding to the high-affinity IgE receptor, FcεR1 [25]. 52 

Omalizumab reduces free IgE by 96% [26, 27], although total IgE levels increase after the first injection 53 

due to the formation of omalizumab:IgE complexes. In a Type 1 allergic reaction, allergens cross link IgE 54 

bound to surface FcεRI receptors on mast cells, which in turn triggers their degranulation and the 55 

release of potent preformed mediators such as histamine [28]. Following degranulation, activated mast 56 

cells continue to secrete pro-inflammatory cytokines and arachidonic acid metabolites [28, 29]. 57 

Omalizumab downregulates the FcεRI receptor on mast cells and basophils, reducing their ability to 58 

degranulate [30]. As a result, omalizumab reduces wheal and flare reactions (i.e. mast cell 59 

degranulation) as well as late allergic asthma responses [31].  60 

 Omalizumab also reduces fall season asthma exacerbations in children, which are more likely to be 61 

driven by respiratory viral infections [32]. Discussed in further detail below, the PROSE study showed 62 

that starting omalizumab in inner-city children and adolescents prior to starting school prevented fall 63 

asthma exacerbations [32]. One hypothesis, supported by in vitro studies, is that IgE receptor activation 64 

decreases the generation of IFN-α from plasmacytoid dendritic cells, thereby increasing host 65 

susceptibility to viruses [33].  66 

Anti-IL-5 therapy (mepolizumab, reslizumab, benralizumab): The IL-5 cytokine has several known, and 67 

likely yet to be elucidated, effects on the airway [34]. IL-5 secretion by Th2 lymphocytes, ILC2s, and AECs 68 

induces airway inflammation and mediates recruitment, activation, and maturation of eosinophils [35]. 69 

Monoclonal antibodies mepolizumab and reslizumab bind and systemically deplete the IL-5 cytokine, 70 

which reduces peripheral eosinophil counts and tempers airway inflammation through mechanisms not 71 

entirely understood [36]. Alternatively, benralizumab irreversibly binds to the IL-5 receptor alpha chain 72 
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(IL-5Rα), which triggers NK cell cytotoxic killing of eosinophils. Benralizumab treatment results in nearly 73 

complete systemic depletion of the body’s eosinophils [37, 38]. Interestingly, baseline blood eosinophilia 74 

prior to treatment predicts a positive response to IL-5-blocking antibodies better than sputum 75 

eosinophilia [39].  76 

Anti-IL-4 and IL-13 therapy (dupilumab): The dupilumab monoclonal antibody binds the IL-4 receptor α 77 

chain (IL-4Rα), blocking both IL-4 and IL-13 receptors and their signaling [40]. The inhibition of either IL-78 

4 or IL-13 cytokines alone was proven to be ineffectual in asthma, likely due to the biological 79 

redundancy of these two signaling pathways [40-42]. IL-4 and IL-13 are major drivers of airway 80 

inflammation in asthma with multiple effects on the airway. These effects include epithelium thickening, 81 

goblet cell hyperplasia with mucous overproduction, subepithelial fibrosis, smooth muscle hypertrophy 82 

with increased contractility, B cell isotype switching with increased IgE production, and increased 83 

eosinophil trafficking into the airways [43]. 84 

Reduction in Exacerbation Rates Across Biologics 85 

 Omalizumab: In two seminal phase III trials, omalizumab was evaluated in asthma subjects aged 12 86 

to 75 years with symptomatic asthma despite treatment with medium-to-high dose ICS therapy [31, 44].  87 

To determine the ability of omalizumab to reduce ICS use, both studies included a 4-month steroid-88 

stable phase followed by a 2 to 3-month steroid-reduction phase. In study 1 with 525 subjects, 89 

omalizumab enabled a reduction in ICS dose, but also reduced the number of exacerbations by 48% and 90 

41% relative to placebo during the steroid stable and reduction phases, respectively. In study 2 with 546 91 

subjects, exacerbation reductions were 58% and 52% relative to placebo during the steroid-stable and 92 

reduction phases, respectively, and a similar reduction in ICS use as study 1. Baseline prebronchodilator 93 

FEV1 % predicted was reported at ~68% and ~70% among the treatment arms of study 1 and study 2, 94 

respectively. No patients were using daily oral steroids.  A third phase III trial (study 3), which was 95 

reported in the FDA drug application, had a comparable study design as trials 1 and 2 but also included 96 
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patients on long-acting beta agonists (LABAs), a subset of patients on oral steroids (~27%), and subjects 97 

with a baseline prebronchodilator FEV1 predicted > 80%. Study 3 found that exacerbation rates were 98 

similar between the omalizumab-treated and placebo treatment arms [45]. A lack of efficacy in study 3 99 

was likely due to the inclusion of subjects with a prebronchodilator FEV1 > 80% predicted. 100 

 A recent post-hoc analysis including trials 1 and 2 showed that omalizumab reduced asthma 101 

exacerbations by 67% and 74% relative to placebo in subgroups of subjects with a baseline eosinophil 102 

count ≥ 300 and ≥ 400 cells/µl, respectively [46].  Enhanced responses to omalizumab were also seen in 103 

patients using higher doses of ICS (defined as beclomethasone ≥600 μg/day) or a long-acting beta 104 

agonist (LABA), and in those with a history of hospitalization, a history of ED visit, or FEV1 < 65% 105 

predicted.  106 

 In disagreement, a real-world observational study (PROSPERO) comparing pre- vs. post-treatment 107 

exacerbation rates found that blood eosinophils, fractional exhaled nitric oxide (FeNO) and total IgE 108 

levels did not predict a positive response to omalizumab [47]. In PROSPERO, the exacerbation rate 109 

improved from a mean of 3.0 in the 12 months before treatment to 0.8 through month 12 of treatment 110 

(relative reduction = 74%). Roughly 24% (191 of 801) of patients had a baseline total IgE outside the 111 

lower (< 30 IU/mL) or upper limit (> 700 IU/mL) of the dosing table. Most of these patients (n=120; 63%) 112 

had an IgE greater than 700 IU/mL. In subjects with an IgE above the standard dosing table, 113 

exacerbation rates were similarly decreased from 3.2 at baseline to 0.7 post-treatment (a 78% relative 114 

reduction). Another real-world retrospective study performed in Europe (STELLAIR) found that 115 

omalizumab’s effectiveness, which was determined by a physician’s evaluation or a > 40% improvement 116 

in annualized exacerbation rates, was similar in eosinophil high (> 300 cells/uL) and eosinophil low (< 117 

300 cells/uL) subgroups of subjects [48].  118 

 In another phase III clinical trial (INNOVATE), omalizumab was evaluated as an add-on therapy in 119 

419 patients with difficult-to-control SA, defined as >2 exacerbations requiring steroids despite the use 120 
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of a high dose ICS and a LABA [49]. Omalizumab reduced exacerbation rates by 26% relative to placebo 121 

during a relatively short (7-month) intervention period, although the detection of this improvement 122 

required a post hoc adjustment for differences in the baseline exacerbation history among treatment 123 

arms. Specifically, the authors made an adjustment to the primary efficacy variable (i.e. annualized 124 

exacerbation rate) based on an unexpected between-group difference in pretreatment exacerbation 125 

history. In comparison to trials 1 and 2 mentioned above, the INNOVATE cohort was arguably more 126 

severe, with a lower FEV1 at 61 to 62% predicted, 2.1 asthma exacerbations in the prior year, and with 127 

20 to 23% of subjects using daily oral steroids.  128 

 In the EXTRA trial, omalizumab was evaluated as an add-on therapy in 850 patients who had ≥ 1 129 

exacerbation in the past year and uncontrolled asthma symptoms despite the use of a high dose ICS and 130 

a LABA [50]. Like INNOVATE, there was a ~25% reduction in exacerbation rates relative to placebo with 131 

omalizumab treatment. A follow-up reanalysis of the EXTRA data showed that reductions in asthma 132 

exacerbations were enhanced for subgroups of patients with high FeNO measurements (53% reduction 133 

in FeNO high subgroup versus 16% in FeNO low) and high blood eosinophils (32% in eosinophil high 134 

versus 9% in eosinophil low) [51]. The EXTRA cohort had a FEV1 of 64 to 65% predicted, 1.9 to 2.0 135 

exacerbations in the prior year, and 16 to 17% of subjects were on oral steroids. Including adults and 136 

children with moderate asthma, a Cochrane review (n= 25 trials) showed that 16 out of 100 people on 137 

omalizumab versus 26 out of 100 people on placebo were likely to have an asthma exacerbation, a 38% 138 

relative reduction [52].  139 

 In the PROSE trial, children and adolescents aged 6 to 17 years were enrolled to receive placebo, ICS 140 

boost treatments (definition: effectively doubled ICS dose at 100 or 250 µg fluticasone propionate twice 141 

daily) or omalizumab therapy starting before the fall season [32]. After a 4- to 9-month run-in period, 142 

the intervention period started 4 to 6 weeks before, and ended 90 days after, the start of school. Among 143 

participants with an asthma exacerbation during the 4- to 9-month run-in phase, omalizumab was 144 
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significantly more effective than both placebo (6.4 vs 36.3%) and ICS boost (2.0 vs 27.8%) at preventing 145 

asthma exacerbations.  146 

Mepolizumab: In a phase II trial (DREAM), mepolizumab was evaluated at three intravenous (IV) doses 147 

(75, 250, and 750 mg) in 621 patients aged 12 to 74 years with ≥2 exacerbations in the previous year 148 

despite high dose ICS use and one or more of the following: sputum eosinophil ≥3%, FeNO ≥50 ppb, 149 

blood eosinophils ≥300 cells/µL, or deterioration of asthma control after a ≤25% reduction in 150 

maintenance inhaled or oral steroids [53]. The 3 mepolizumab-treated arms demonstrated reductions in 151 

asthma exacerbations by 48%, 39%, and 52%, respectively, relative to placebo. Both baseline eosinophil 152 

counts and the number of exacerbations in the prior year associated with a positive response to 153 

mepolizumab. Among the 4 study arms, baseline prebronchodilator FEV1 % predicted ranged from 59% 154 

to 61%, annualized exacerbation rates were high at 3.4 to 3.7, 29 to 33% used oral steroids daily, and 155 

the geometric mean on loge scale of blood eosinophils varied from 230 to 280 cells/µL.  156 

 In a subsequent phase III trial (MENSA), mepolizumab was evaluated at two doses (75 mg IV or 100 157 

mg subcutaneous (SC)) in 576 subjects aged 12 to 82 years with a baseline peripheral eosinophil count ≥ 158 

150 cells/µL, or ≥300 cells/µL at some point in the year prior, and ≥2 exacerbations in the year prior 159 

despite the use of a high dose ICS [54]. Over a 32-week treatment phase and 8-week follow-up safety 160 

phase, mepolizumab SC and IV doses reduced annualized exacerbation rates by 47% and 53%, 161 

respectively, relative to placebo. The SC dose reduced hospitalizations by 69% and a cumulative 162 

endpoint including ED visits and hospital admissions by 61%. In patients with a peripheral eosinophil 163 

count ≥500 cells/µL, mepolizumab reduced exacerbation rates by 74 and 79% relative to placebo with 164 

SC and IV doses, respectively. Similar to DREAM, baseline prebronchodilator FEV1 % predicted ranged 165 

from 59 to 62%, annualized exacerbation rates were high at 3.5 to 3.8, and the geometric mean on loge 166 

scale of blood eosinophils varied from 280 to 320 cells/µL across treatment arms. In comparison to 167 

DREAM, a higher percentage of subjects were using daily oral steroids at 44 to 52%.  168 
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 In a small cohort of 135 patients with uncontrolled eosinophilic asthma despite the use of 169 

maintenance oral steroids (SIRIUS trial), as a secondary outcome, annual asthma exacerbation rates 170 

were lowered by 32% relative to placebo despite a higher reduction of steroids in the treatment arm  171 

[55]. This high severity cohort had a baseline prebronchodilator FEV1 of 58 to 60% predicted, at least 6 172 

months of oral corticosteroid maintenance therapy, and the geometric mean on loge scale of blood 173 

eosinophils varied from 230 to 250 cells/µL.  174 

 A 2015 Cochrane review of 8 trials compared mepolizumab’s efficacy to placebo and included 1,707 175 

participants in the analysis [56]. There was a wide variance in the severity of asthma among participants, 176 

which ranged from mild atopic to SA subjects with recurrent exacerbations. In those with eosinophilic 177 

asthma (2 studies), a significant reduction of exacerbation rates was confirmed (risk ratio=0.52, n=690). 178 

In 4 studies with non-eosinophilic asthma, no statistically significant reduction was found in 179 

exacerbations (n=468).   180 

 Reslizumab:  Reslizumab was evaluated in two independent phase III trials with a total of 953 181 

subjects aged 12 to 75 years with a blood eosinophil count ≥400 cells/µL and ≥1 exacerbation in the year 182 

prior despite medium-to-high doses of ICS [57]. Over a 1-year treatment period, reslizumab reduced 183 

annualized asthma exacerbation rates by 50% (study 1) and 59% (study 2) relative to placebo. It was 184 

particularly effective in subjects with high blood eosinophils despite the use of oral steroids, who had a 185 

relative reduction of 68% compared to the placebo. Reductions of 34% (study 1) and 31% (study 2) were 186 

seen in a cumulative endpoint including hospital admissions and ED visits, but neither were statistically 187 

significant.  Among all four treatment arms, the baseline prebronchodilator FEV1 ranged from 64 to 70% 188 

predicted, annualized exacerbations were moderate at 1.9 to 2.1, and the mean blood eosinophil counts 189 

was 610 to 696 cells/µL. Subjects receiving oral corticosteroid at enrollment ranged from 12 to 19%. 190 

 Benralizumab: In a phase IIb trial, benralizumab was evaluated in 609 subjects aged 18 to 75 years 191 

with 2 to 6 exacerbations in the prior year despite the use of medium-to-high dose ICS and LABA therapy 192 
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[58]. In eosinophilic individuals, annual exacerbation rate reduction for patients receiving benralizumab 193 

2 mg, 20 mg, and 100 mg were -9% (p=0.78), 36% (p=0.17), and 41% (p=0.096), respectively, compared 194 

to placebo. In participants with a baseline blood eosinophil cutoff >300 cells/μL, exacerbation rates were 195 

significantly reduced by 57% and 43% for the benralizumab 20 mg and 100 mg groups, respectively, in 196 

comparison to placebo. A dose of 30mg SC was chosen for subsequent phase III studies. 197 

 Two phase III trials (CALIMA and SIROCCO) subsequently evaluated benralizumab in both eosinophil 198 

high (≥300 cells/μL) and eosinophil low (<300 cells/μL) asthma patients [59, 60]. In CALIMA, 199 

benralizumab treatment was studied over 56-weeks in 1,306 patients aged 12 to 75 years with ≥2 200 

exacerbations in the last year despite high dose ICS and LABA therapy. Benralizumab reduced asthma 201 

exacerbations by 36% and 28% relative to placebo in the eosinophil high population with every 4-week 202 

(q4w) and 8-week (q8w) dosing, respectively. SIROCCO reported stronger results. In SIROCCO, 203 

benralizumab therapy in 1,205 adolescents and adults reduced exacerbation rates by 45% and 51% 204 

compared to placebo in the eosinophil high population with q4w and q8w dosing, respectively. In the 205 

eosinophil low population, benralizumab reduced exacerbation rates by only 17% relative to placebo 206 

with the q8w dosing.  207 

 The study populations for these two trials were very similar.  Baseline prebronchodilator FEV1 % was 208 

low and ranged from ~56 to 59% among the treatment arms.  Exacerbations in the past year were 209 

moderately high at ~2.6 to 3.1, and the median blood eosinophil counts were high at ~370 to 400 210 

cells/µL for all participants, and ~500 cells/µL for the eosinophil high groups. Oral steroid use was 13 to 211 

16%.   212 

 In a smaller cohort of 220 patients with uncontrolled eosinophilic asthma despite maintenance oral 213 

steroids (ZONDA trial), as a secondary endpoint, there was a 70% reduction in asthma exacerbations 214 

relative to placebo with q8w dosing despite a higher reduction of steroids in the treatment arm [61]. 215 

This high severity cohort had a baseline prebronchodilator FEV1 of 57 to 62% predicted, at least 6 216 
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months of oral corticosteroid maintenance therapy, and a median blood eosinophil count of 440 to 540 217 

cells/µL.  218 

 A 2017 Cochrane review evaluated 13 randomized trials including 6,000 participants comparing the 219 

efficacy of mepolizumab, reslizumab, and benralizumab to placebo. An exacerbation was defined as 220 

worsening asthma symptoms that required treatment with systemic corticosteroids for 3 days or more. 221 

The review concluded that all of the anti-IL5 treatments reduced rates of exacerbation by approximately 222 

half in participants with severe eosinophilic asthma [62]. 223 

 Dupilumab: In a phase IIa study, dupilumab was evaluated in 104 adults aged 18 to 65 years with 224 

blood eosinophils levels ≥ 300 cells/µL or sputum eosinophil levels ≥ 3% and at least one exacerbation 225 

within 2 years despite medium-to-high dose ICS and LABA therapy [63]. In an innovative study design, 226 

subjects were instructed to discontinue LABA therapy at week 4 and then taper inhaled steroids in 227 

weeks 6 to 9. Thus, moderate-to-severe asthma subjects were tapered off maintenance medications, 228 

increasing the likelihood of asthma exacerbations in a short period of time. Over a 12-week treatment 229 

and 8-week follow period, dupilumab treatment resulted in an 87% relative reduction in asthma 230 

exacerbation rates relative to placebo.  231 

 In a subsequent phase III trial (QUEST), dupilumab was evaluated at two SC doses every 2 weeks 232 

(200 mg and 300 mg) in 1,902 patients aged 12 years of older with ≥1 exacerbation in the last year 233 

despite medium-to-high dose ICS and up to 2 additional controllers (e.g. LABA and leukotriene receptor 234 

antagonists), regardless of blood eosinophil count [64]. In subjects with higher eosinophils (≥300 235 

cells/µL), there were 66% and 67% reductions in exacerbation rates relative to placebo with the 200mg 236 

and 300mg doses, respectively. In the eosinophil-medium (150 to 300 cells/µL) group, there was a 237 

significant reduction only in the 300mg dosage group at 44.3% relative to placebo. In this large cohort, 238 

FEV1 % predicted was 58% among treatment arms, with 2.1 exacerbations in the past year, and a mean 239 
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of blood eosinophils of 360 cells/µL (median = 255 cells/ µL). As an exclusion criterion, no oral steroids 240 

were allowed for 1 month prior to the screening visit.  241 

 In a study of 210 patients that used dupilumab at 300 mg to reduce oral steroid use (LIBERTY 242 

ASTHMA VENTURE), as a secondary endpoint, there was a reduction in severe exacerbation rates by 243 

59% relative to placebo [65]. Among patients with blood eosinophils ≥300 cells/µl, there was a 71% 244 

lower rate of exacerbations compared to placebo. This cohort had 2.1 exacerbations in the past year, 245 

FEV1 % predicted of 52%, and a mean blood eosinophil count of 350 cells/µL.  246 

Improvements in Lung Function and Symptom Scores 247 

Omalizumab: In both study 1 and 2 mentioned above, FEV1 improved from baseline in both the 248 

omalizumab-treated and placebo groups [31, 44]. The treatment groups of both studies had slightly 249 

better improvements from baseline in FEV1 % predicted in comparison to placebo, as FEV1 improved 250 

from 68 to 72.5% in the treatment group vs. 68 to 69% in the placebo group [44]. Using 2 customized 251 

scores to assess daytime and nighttime asthma symptoms (scale 1 range: 0-4; scale 2 range: 0-9), both 252 

trials demonstrated a small, but statistically significant (~0.5 point) differential improvement with 253 

treatment compared to placebo [31].  254 

 In the PROSPERO observational study, lung function remained relatively unchanged over the study 255 

period, although a sub-analysis of adolescents showed a 170 mL improvement in FEV1 from baseline, 256 

which was not reported as statistically significant. Overall, ACT scores improved by ~4 points from 257 

baseline during the study period with treatment, whereas a 3-point change is considered the minimally 258 

important difference (MID).  259 

 In INNOVATE, FEV1 showed a differential improvement from baseline by ~100 mL in the 260 

omalizumab-treated patients compared to placebo (190 vs 96 mL) [49]. Omalizumab-treated patients 261 

showed a 0.45 differential improvement in Juniper AQLQ compared to placebo (0.91 vs 0.46), with 262 
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60.8% vs. 47.8% (p = 0.008) achieving a clinically meaningful ≥0.5-point improvement from baseline for 263 

treatment and placebo arms, respectfully [49].  264 

 In EXTRA, it was not reported whether or not there were changes in lung function with treatment 265 

[50]. There were small but significant differential improvements in AQLQ (+0.29) and total asthma 266 

symptom scale (TASS; -0.26) in the treatment group compared to placebo. The 2014 Cochrane review 267 

for omalizumab versus placebo demonstrated a significant improvement in asthma symptoms and 268 

patients’ health-related quality of life with treatment [52]. 269 

Mepolizumab: In MENSA, SC and IV treatment groups demonstrated prebronchodilator FEV1 270 

improvements from baseline of +98 mL and +100 mL, respectively, in comparison to placebo [54]. SC 271 

and IV groups had a stronger improvement in postbronchodilator FEV1, which improved in comparison 272 

to placebo by +146 mL and +138 mL, respectively. Results were better in patients with an eosinophil 273 

count ≥500 cells/µL, which improved by +185 and +132 mL (prebronchodilator), and by +318 and +222 274 

mL (postbronchodilator) relative to placebo.  275 

 In DREAM, there were nonsignificant increases in prebronchodilator FEV1 relative to placebo of +61 276 

mL, +80 mL, and +55 mL with the 75 mg, 250 mg and 750 mg doses, respectively [53].  In SIRIUS, there 277 

was a nonsignificant trend toward improvement in the FEV1 before and after bronchodilation in the 278 

mepolizumab group, with differences of +114 (p=0.15) and +128 mL (p=0.06), respectively, compared to 279 

placebo. ACQ-5 scores improved by ~0.4 points (MID=0.5 points) in both treatment arms relative to 280 

placebo. St. George’s Respiratory Questionnaire (SGRQ; quality of life) scores showed 7.0 and 6.4 point 281 

(MID=4 points) reductions (i.e. improvements in quality of life) in comparison to placebo [54].  282 

 The MUSCA trial assessed the change in quality of life with mepolizumab therapy as the primary 283 

endpoint [54]. This randomized, placebo-controlled trial included 551 patients 12 years and older and 284 

measured the change in the St. George’s Respiratory Questionnaire (SGRQ) score after 24 weeks of 285 

therapy. As a secondary endpoint, there was an improvement of +120 mL from baseline in 286 
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prebronchodilator FEV1 relative to placebo at week 24. Mepolizumab treatment significantly improved 287 

SGRQ total score from baseline compared to placebo at week 24 from baseline (-15.6 vs. -7.9, a 288 

treatment difference of -7.7; minimal clinically important difference (MCID) = 4 points)).  289 

Reslizumab: In its two major phase III trials, reslizumab treatment improved prebronchodilator FEV1 290 

from baseline in comparison to placebo by +126 mL for study 1, +90 mL for study 2, and +100 mL for the 291 

pooled data [57]. In a subgroup analysis, there were increasing FEV1 improvements that tracked with 292 

worsening disease severity on the basis of background medication, with the highest improvement seen 293 

in those on maintenance oral steroids. Pooled data of studies 1 and 2 showed changes of +0.23 in the 294 

AQLQ, -0.25 in the ACQ-7, and +0.05 in the asthma symptoms utility index (ASUI; MID=0.09) relative to 295 

placebo. In a separate phase III trial featuring 492 total adult patients, reslizumab showed no statistical 296 

improvement in FEV1 compared to placebo in a population unselected for blood eosinophils. A post-hoc 297 

analysis attempted to detect any further improvement in the eosinophil-high group ( ≥ 400 cells/µL), but 298 

was not sufficiently powered [66]. 299 

Benralizumab: In the CALIMA trial, the eosinophil-high group demonstrated prebronchodilator FEV1 300 

improvements of +125 and +116 mL with the q4w and q8w dosing regimens, respectfully, relative to 301 

placebo [59]. The eosinophil-high group showed a TASS reduction of -0.23 with the q8w dose in relation 302 

to placebo. In SIROCCO, the eosinophil-high patients had prebronchodilator FEV1 increases of +106 and 303 

+159 mL in the q4w and q8w regimens, respectfully, compared to placebo [60].  304 

 A long-term extension trial featuring participants of CALIMA and SIROCCO, the BORA trial, showed 305 

that improvements in prebronchodilator FEV1 were roughly maintained after 1 year [67]. The 306 

eosinophil-high group showed a comparable improvement of -0.25 relative to placebo with the 8-week 307 

dose on the TASS.  308 

 In the ZONDA trial, as a secondary outcome, prebronchodilator FEV1 improved by +256 and +222 mL 309 

relative to placebo with the q4w and q8w dosing regimens, respectively, at week 20. Yet, by week 28 310 
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there was no significant difference between treatment and placebo groups [61]. In the q8w treatment 311 

arm, ACQ-6 and AQLQ improved by -0.55 and +0.45 points, respectively, in relation to placebo.  312 

 In a 2017 Cochrane review looking at all three anti-IL5 therapies, the health-related quality of life in 313 

non-eosinophilic participants treated with benralizumab was not statistically significant. In patients with 314 

severe eosinophilic asthma, all the anti-IL5 agents showed some improvement in the health-related 315 

quality of life scores [62]. 316 

Dupilumab: In the phase 2A study, dupilumab improved prebronchodilator FEV1 by +270 mL and 317 

reduced ACQ-5 by 0.73 points, both relative to placebo [63]. The Sino-Nasal Outcome test (SNOT-22) 318 

showed an -8.5-point change relative to placebo (MCID = -8.9; higher scores indicate poorer outcome) 319 

[68].  320 

 In QUEST, prebronchodilator FEV1 improved by +140 and +130 mL compared to placebo in the low 321 

and high doses, respectively [64]. Results were better in those with blood eosinophil counts ≥ 300 322 

cells/µL, which demonstrated +210 and +240 mL improvements with the low and high doses, 323 

respectively. Patients with the higher baseline FeNO (≥ 25 to < 50 ppb or ≥ 50 ppb) showed a further 324 

beneficial effect in FEV1 improvement relative to the overall study population. In LIBERTY ASTHMA 325 

VENTURE, FEV1 was +220 mL higher in the dupilumab group than in placebo at week 24.  326 

Compared to placebo, dupilumab-treated patients showed improvements in AQLQ (+1.3, +1.3) and ACQ-327 

5 (-0.15, -0,16) at week 52 in the low and high dose treatment arms, respectively [64]. 328 

Ability to Reduce Steroids with Biologics 329 

Omalizumab: Both studies 1 and 2 showed an increased ability to stop ICS use in those on omalizumab 330 

relative to placebo (Study 1: 40 vs. 19%; Study 2: 43 vs. 19%) [31, 44]. Reductions in ICS dose were 38 to 331 

75% in treatment groups vs. 13 to 25% in placebo. A Cochrane meta-analysis showed that omalizumab 332 

treatment resulted in a significant reduction of ICS use, with improved ability to completely withdraw 333 

ICS (OR 2.50) [52].  334 
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Mepolizumab: Bel et al. showed in 135 patients on maintenance oral steroids (SIRIUS trial) that 335 

mepolizumab enabled a 50% reduction in oral steroids compared to no change in placebo [55]. 336 

According to the dose titration schedule, patients receiving doses of ≤20 mg/day of prednisone at the 337 

end of the run-in/optimization phase were eligible to wean completely off steroids. A higher percentage 338 

on mepolizumab had a 90 to 100% dose reduction in comparison to placebo (23% vs. 11%). Participants 339 

were required to have a blood eosinophil level ≥150 cells/µl during the optimization phase (or ≥300 340 

cells/µl in the last year), to be treated with a high dose ICS plus another controller, and at least 6 months 341 

of oral steroids use prior to enrollment. FEV1s ranged from 58 to 60% predicted, annualized 342 

exacerbation rates 2.9 to 3.3, and the geometric mean on loge scale of blood eosinophils varied 343 

from 230 to 250 cells/µl. The median oral steroid dose was 10 and 12.5 mg/day during the optimization 344 

phase for the placebo and mepolizumab arms, respectively.  345 

Benralizumab: Nair et al. showed in 220 patients on oral steroids (ZONDA trial) that benralizumab 346 

enabled a 75% reduction in oral steroids compared to 25% in the placebo group [61]. In comparison to 347 

19% in the placebo group, 56% and 52% of patients on benralizumab therapy, on q4w and q8w doses, 348 

respectively, had 100% reductions in oral steroid use. According to the dose titration schedule, only 349 

patients receiving doses of ≤ 12.5 mg/day of prednisone at the end of the run-in/optimization phase 350 

were eligible to wean completely off steroids. Subjects were required to have a blood eosinophil level 351 

≥150 cells/µl and to be treated with high dose ICS plus LABA plus oral steroids for 6 months. FEV1s were 352 

59 to 62% predicted, annualized exacerbation rates 2.5 to 3.1, and median blood eosinophils were 437 353 

to 535 cells/µl. The median oral steroid dose following the run-in phase was ~10 mg/day for all arms of 354 

the study.  355 

Dupilumab: Rabe et al. showed in 210 patients on oral steroids that dupilumab (300 mg subcutaneously 356 

every 2 weeks) enabled a 70.1% reduction in oral steroids compared to 41.9% in placebo [65]. In 357 

comparison to 25% on placebo, 48% of patients on treatment discontinued oral steroid use altogether. 358 
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According to the dose titration protocol, patients receiving doses of ≤30 mg/day of prednisone at the 359 

end of the run-in/optimization phase were eligible to wean completely off steroids Subjects were 360 

required to be treated with high dose ICS plus LABA plus 1 to 2 controllers for 3 months and oral steroids 361 

for 6 months. FEV1s were 52 to 53% predicted, annualized exacerbation rates ~2, and mean blood 362 

eosinophils ranged from 325 to 370 cells/µl. The median oral steroid dose following the run-in phase 363 

was ~11 to 12 mg/day for all arms of the study. 364 

Biomarkers that Predict Response or Change with Biologics 365 

Omalizumab: Omalizumab reduces free IgE by 89-99% [31, 44], but pre-treatment total IgE levels do not 366 

necessarily predict a response to omalizumab. A comparable positive response to omalizumab has been 367 

demonstrated in patients with a baseline total IgE levels outside the dosing table [47]—i.e. patients with 368 

a low baseline IgE (< 30 IU/ml) and very high IgE (> 700 IU/ml) level. High exhaled nitric oxide (eNO; > 369 

19.5 to 25 ppb) and a high blood eosinophils (> 260 to 300 cells/µL) likely predict a likely positive 370 

response to omalizumab [47, 50].  371 

Mepolizumab and Reslizumab: In DREAM (mepolizumab), FeNO levels did not change with treatment or 372 

predict response to therapy [53].  Similarly, neither total IgE nor atopic status (defined as a positive 373 

radioallergosorbent test for any of four specified aeroallergens) was associated with a positive response 374 

to mepolizumab. The MENSA trial showed that blood eosinophil counts decrease 83 to 86% on 375 

mepolizumab [54]. Haldar et al. subsequently showed that blood eosinophils return to pre-treatment 376 

levels after discontinuing therapy, along with exacerbation rates [69]. Similarly, reslizumab reduced 377 

eosinophils ~93% on therapy [57]. As expected, pre-treatment blood eosinophil counts predict a positive 378 

response to both anti-IL-5 agents.   379 

Benralizumab: A post hoc analysis including pooled data from CALIMA and SIROCCO showed that 380 

maintenance oral steroid use, nasal polyposis, prebronchodilator FEV1 <65% predicted, ≥3 381 

exacerbations in year prior to enrollment, and age of onset ≥18 years all associated with enhanced 382 
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responsiveness to benralizumab (in patients with elevated blood eosinophils) [70]. Benralizumab 383 

reduces blood eosinophil counts to nearly zero [62]. 384 

Dupilumab: In the phase IIa trial, there were decreases in eoxtaxin-3 (eosinophil chemokine), total IgE 385 

and FeNO on treatment [63]. Four of 52 subjects on treatment experienced increases in blood 386 

eosinophils. In QUEST, reductions were again seen with eotaxin-3, IgE and FeNO [64]. A small 387 

percentage of patients showed a transient increase in blood eosinophils. A sub-analysis showed a 388 

greater treatment benefit in those with blood eosinophils ≥150 cells/µL and FeNO ≥25 ppb.   389 

Differences in Safety Concerns 390 

Omalizumab: In study 1 and study 2, omalizumab-treated subjects had higher incidences of local 391 

injection site reactions (9 to 12% treatment vs. 7 to 8% in control in the 2 studies) [31, 44]. Omalizumab 392 

caused anaphylaxis at a frequency of 0.1% (1:1000). Initial reports suggested a slight increase in 393 

malignancy (0.5 vs. 0.2%), although a 5-year observational study found that rates on treatment were 394 

similar to placebo [71]. The same observational safety study found a slight increased risk of 395 

cardiovascular and cerebrovascular events (13.4 vs. 8.1 events/1000 patient-years), but there was a 396 

disparity in both asthma severity and cardiovascular disease at baseline. The long-term safety data in 397 

omalizumab has been reassuring [71]. 398 

Mepolizumab: Similar to omalizumab, mepolizumab-treated patients had higher incidences of local 399 

injection site reactions (8% vs. 3%). In a total of 1,327 subjects evaluated in phase III trials, 2 400 

mepolizumab treated patients, while no placebo treated patients, developed herpes zoster. In the 2017 401 

Cochrane review looking at all anti-IL5 therapies, there was a reduction of adverse effects with 402 

mepolizumab that was considered possible due to the beneficial effect on asthma-related adverse 403 

effects [62].  404 

 In children ages 6 to 11 with severe eosinophilic asthma, mepolizumab SC at 40 or 100mg doses 405 

(based on a body weight <40 kg or ≥40 kg, respectively) was used for 12 weeks and no new safety 406 
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concerns were observed [72]. Mepolizumab drug exposures were higher and apparent clearance was 407 

lower than predicted. A positive clinical effect was observed, although the study was not designed to 408 

evaluate efficacy outcomes.  409 

 The long-term safety data for mepolizumab has been reported on 347 participants enrolled for an 410 

average of 3.5 years (COLUMBA study) [73]. The safety profile of long-term SC mepolizumab treatment 411 

was similar to that seen in the previous randomized placebo-controlled trials. The most common on-412 

treatment adverse events (AEs) were respiratory tract infections (67%), headache (29%) and asthma 413 

worsening (27%). The most common serious AEs included asthma worsening (10%) and pneumonia 414 

(2%). Eight subjects (2%) experienced allergic/hypersensitivity reactions, although none met diagnostic 415 

criteria for anaphylaxis. Eight subjects (17 events per 1000 patient-years) experienced a herpes zoster 416 

infection. No parasitic infections were reported. Given the concern for herpes zoster, care providers are 417 

advised to consider vaccination when appropriate. For all the new biologics, there is a theoretical risk of 418 

helminth infections. The advice given for all biologics is to treat any pre-existing helminth infections 419 

prior to therapy.   420 

Reslizumab: Two patients (0.3%) in phase III trials across both studies had anaphylactic reactions 421 

attributed to reslizumab [57, 66]. In general, IV administration of medications increases the risk of 422 

anaphylaxis. Per prescribing information, 6/1028 (0.6%) patients receiving reslizumab had at least 1 423 

malignant neoplasm reported compared to 2/730 (0.3%) patients in the placebo group. The long-term 424 

safety data has been reported on 1,051 patients that received > 1 reslizumab dose at 3.0 mg/kg 425 

intravenously every 4 weeks for up to 24 months (median exposure = ~330 days) [74]. The most 426 

common AEs included worsening asthma (29%), nasopharyngitis (14%), respiratory tract infections 427 

(10%), and headache (7%). The incidence of serious AEs was 8%. There were 2 drug 428 

allergy/hypersensitivity reactions, but no cases of anaphylaxis. Three patients were diagnosed with skin 429 

basal cell carcinomas. Twelve other patients were diagnosed with a malignancy, although 5 of these 430 
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subjects had a history of malignancy prior to enrollment. No parasitic or suspected opportunistic 431 

infections were reported.  432 

Benralizumab: Hypersensitivity reactions have occurred with benralizumab. Injection site reactions have 433 

been low at 2.2% compared to 1.9% in placebo. There has been a recent case report of disseminated 434 

herpes zoster on benralizumab [75]. Significantly more patients discontinued benralizumab than placebo 435 

when comparing adverse effects leading to discontinuation, but the absolute numbers for this finding 436 

were small (36/1599 benralizumab versus 9/998 placebo) [62].  437 

 The long-term safety has been recently reported on 1,576 patients that received benralizumab q4w 438 

and q8w for up to 2 years (BORA study). An additional 633 subjects that received placebo during the 439 

clinical trials were randomly reassigned to receive benralizumab q4w and q8w in BORA.  The safety 440 

profile of benralizumab was similar to that seen in the previous clinical trials. The most common on-441 

treatment AEs were viral respiratory tract infection (14 to 16% among all groups), worsening asthma (8 442 

to 10%), upper respiratory tract infection (6 to 8%), and headache (3 to 6%). The most common serious 443 

AEs included worsening asthma (3 to 4%) and pneumonia (~1%). One patient had an anaphylactic 444 

reaction.  No parasitic or suspected opportunistic infections reported, including no reports of herpes 445 

zoster. 446 

Dupilumab: Compared to the other biologics, injection site reactions were relatively higher with 447 

dupilumab, reported in 15 to 18% of treated subjects compared to 5 to 10% in placebo [64]. Eosinophilia 448 

(>3,000 cells/µL) occurred in 4.1% of dupilumab patients compared to 0.6% in placebo. In QUEST, the 449 

mean percent change in blood eosinophilia from baseline peaked at week 20. It returned to normal and 450 

showed no difference between treatment arms by week 52. There was no significant difference in the 451 

median percent change in blood eosinophilia between treatment arms throughout the trial. A blood 452 

eosinophil >1,500 cells/µL at baseline was an exclusion criterion for both dupilumab phase III trials. Of 453 

2,888 total subjects in dupilumab trials, there were a few cases of blood eosinophilia associated with 454 
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symptoms. A 50-year-old male had an atypical hypersensitivity reaction several hours after his second 455 

scheduled dose, with symptoms including chills, fever, myalgia, arthralgia and slight worsening of 456 

asthma. Subsequently, he had an eosinophil count of 10,280 cells/µL and discontinued treatment. Other 457 

diagnoses or symptoms associated with high blood eosinophilia included chronic eosinophilic 458 

pneumonia, myositis plus radiculopathy, pneumonitis of moderate intensity, and a likely case of 459 

eosinophilic granulomatosis with polyangiitis (EGPA).  460 

 In the smaller steroid-sparing trial, 13% on treatment vs. 1% in placebo developed significant 461 

peripheral eosinophilia, but none developed any associated symptoms. In summary, care providers 462 

should be wary of patients presenting with a vasculitic-appearing rash, worsening pulmonary or cardiac 463 

symptoms, and/or neuropathy with peripheral eosinophilia. Closer monitoring may be warranted in 464 

those with an eosinophil count that’s high at baseline, especially during the first 5 to 6 months of 465 

treatment.  466 

A Descriptive Comparison of Baseline Characteristics in Phase III Trials (See Table 2).  467 

 For almost all biologics, the number of baseline exacerbation rates in the months to years prior to 468 

enrollment correlate proportionally to the clinical response to therapy. High eosinophil counts prior to 469 

treatment also correlate strongly with positive clinical responses. Other likely predictors of positive 470 

response include lower baseline lung function, oral steroid use, and nasal polyposis. Thus, the severity of 471 

the cohort prior to enrollment should be considered during our interpretation of the trial results 472 

involving asthma biologics.  473 

 Of note, it is difficult to compare baseline eosinophil counts across these study trials since they were 474 

reported differently. Blood eosinophils were reported according to the geometric mean on loge scale 475 

(mepolizumab studies), mean (reslizumab), and median (benralizumab). QUEST reported the baseline 476 

eosinophils by mean and median, but only included values for those with a high blood eosinophil counts 477 

(> 300 cells/µL). It can be said that reslizumab had the highest blood eosinophils since an eosinophil 478 
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count ≥ 400 cells/µL was an inclusion criterion, which is above the geometric mean, mean or median of 479 

the other biologic trials.  480 

 The omalizumab trials 1 and 2 had likely the least severe cohorts of any phase III biologic trial, with 481 

relatively high lung function (FEV1 = ~68% and ~70% in studies 1 and 2, respectively) and with no LABA 482 

or oral steroid use. The INNOVATE and EXTRA cohorts were more severe with lower lung functions 483 

(FEV1 = 61 to 62% and 64 to 65%, respectively) and more oral steroid use (20 to 23% and 16 to 17%, 484 

respectively). Exacerbation rates were similar at ~1.9 to 2.1 per year. Eosinophil counts were not 485 

reported.  486 

 Excluding the three steroid-sparing trials, the MENSA trial (mepolizumab) had arguably the most 487 

severe cohort, marked by the highest baseline exacerbation rates of any trial (3.5 to 3.8), low lung 488 

function (FEV1 = 59 to 62% predicted), and the highest percentage using daily oral steroids at 44 to 52%. 489 

According to the inclusion criteria, the CALIMA and SIROCCO eosinophil high cohorts should have had 490 

comparable baseline characteristics to MENSA, as these studies all required ≥ 2 exacerbations in the 491 

year prior, treatment with high dose ICS, and high blood eosinophilia. Although the lung function was 492 

slightly lower (FEV1s = 55 to 60% predicted), both severe exacerbation rates (2.7) and oral steroid use 493 

were notably lower (13-16%). Although the reslizumab trials had the highest blood eosinophils at 494 

baseline (~600 to 700 cells/µL), they also had relatively high lung function (FEV1 = 64 to 70%), relatively 495 

low oral steroid use (12 to 19%), and the lowest exacerbation rates (1.9).  496 

 The QUEST (dupilumab) trial had the largest cohort (n=1902), was similar to SIROCCO’s 497 

(benralizumab) and MENSA’s (mepolizumab) in lung function (FEV1 = ~58%), but none of the patients 498 

were on oral steroids. While QUEST enrolled participants regardless of eosinophil count, the primary 499 

outcomes focused on those with a high blood eosinophil counts (> 300 cells/µL). Since we do not have a 500 

report of baseline exacerbations per year or blood eosinophils in the eosinophil high group, a descriptive 501 

comparison with other biologic studies is more difficult. For all subjects, including eosinophil high or low 502 
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subsets, there were relatively lower exacerbations per year (2.0 to 2.3) and eosinophils were moderate 503 

(mean = 349 to 391 cells/µL) at baseline.  504 

 505 

When to Start a Biology and Which One to Choose 506 

  Biologic therapy is started when symptoms remain uncontrolled and/or exacerbation risk is high 507 

despite Global Initiative for Asthma (GINA) Step 4 therapy [76]. The GINA 2019 guidelines provide basic 508 

guidance regarding the appropriate initiation of a biologic therapy [76]. First, any patient on 509 

maintenance oral steroids for asthma should be considered for dupilumab, mepolizumab, or 510 

benralizumab therapy. Inclusion criteria for biologic studies have typically included a) prebronchodilator 511 

FEV1 between 40 to 80 % predicted, and b) ≥1 exacerbation in the year prior despite treatment with a 512 

moderate-to-high dose ICS. Thus, ensuring compliance with Step 4 therapy, obtaining full lung function 513 

testing, and verifying a course of oral steroid use (≥ 3 days) in the past year are important initial steps. 514 

Identification and treatment of comorbid factors, particularly gastroesophageal reflux and sinus disease, 515 

is necessary. It is also important to consider or rule out other conditions that may mimic asthma, such as 516 

vocal cord dysfunction, chronic obstructive pulmonary disease, bronchiectasis, tracheobronchomalacia, 517 

atypical or “walking” pneumonia, or bronchiolitis obliterans.  518 

 Choosing the most appropriate biologic for an individual is a topic of debate that lacks head-to-head 519 

comparisons. An objective for this review was to provide the reader with the tools to weigh and 520 

consider the evidence without our biases, over-interpretation and speculation. Nonetheless, we will 521 

provide our general thoughts and guidance when choosing a biologic while aiming for objectivity. To 522 

start, please see Figure 2 for our general conceptualization of asthma phenotypes as they relate to 523 

severity, eosinophilia and Type 2 inflammation.  524 

 For children under 12 years, omalizumab and mepolizumab are the only biologics that are FDA-525 

approved. Unfortunately, there have been limited pediatric patients enrolled in asthma biologic trials, 526 
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underscoring the need for new studies and careful post-marketing safety monitoring in this population. 527 

Omalizumab has the most safety data in children, although recent safety data of mepolizumab in 528 

children 6 to 11 has also been reassuring [72, 77]. Both therapies have demonstrated a strong ability to 529 

reduce exacerbations with lesser effects on lung function observed. Omalizumab has shown to reduce 530 

inhaled ICS doses.  Mepolizumab has demonstrated an ability to reduce oral steroid use in adults, 531 

although chronic oral steroid use for asthma in children is rare. 532 

 For adolescents and adults without peripheral eosinophilia and not on treatment with maintenance 533 

steroids, omalizumab is likely the first choice, particularly if there has been ≥1 severe exacerbation in 534 

the last 8 months or exacerbations are related to viral infections. As indicated by the PROSPERO study, 535 

omalizumab should be considered even if IgE levels are less than 30 or greater 700 IU/ml [47]. Although, 536 

it must be stated that there is little data to support the use of omalizumab if total IgE is low and there is 537 

no sensitization to perennial allergens. The omalizumab data indicates that these patients should have a 538 

reduction in the number of clinically significant exacerbations and an improvement in quality of life. 539 

Omalizumab has the most long-term safety data and is typically less expensive than the newer agents 540 

[78, 79].  541 

 For adolescents and adults with blood eosinophilia, any of the biologics are reasonable choices, 542 

noting that reslizumab is FDA-approved only for adults older than 18 years of age. If a care provider’s 543 

aim is to reduce clinically significant exacerbations, it is our opinion that dupilumab, mepolizumab and 544 

reslizumab have the strongest supporting data. Mepolizumab has also demonstrated an ability to reduce 545 

ED visits and hospitalizations. 546 

 If the goal is to improve lung function, dupilumab therapy has demonstrated the largest numeric 547 

improvements in prebronchodilator FEV1 % predicted compared to placebo, with consistent results 548 

across all phase II and phase III trials, including the steroid-sparing trial (QUEST LIBERTY VENTURE). As 549 

discussed above, this is likely because of the known structural changes in the airway due to chronic IL-4 550 
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and IL-13 stimulation. Benralizumab also demonstrated improvements in lung function in two phase III 551 

trials (SIROCCO, CALIMA) and its long-term safety trial (BORA). In the benralizumab steroid-sparing trial 552 

(ZONDA), there was an improvement in FEV1 at week 20, but by week 28 there was no significant 553 

difference between treatment and placebo groups. Reslizumab showed improvements in lung function 554 

in both of phase III trials. Mepolizumab showed improvements in lung function in MENSA, but not 555 

DREAM or SIRIUS.  556 

 If the objective is to reduce daily oral steroids, benralizumab and dupilumab have the strongest 557 

supporting data, with roughly 50% of subjects in both trials demonstrating an ability to stop steroids 558 

altogether. Of note, there was a strong difference across studies in the ability to reduce steroids among 559 

the placebo groups, which makes comparisons between these three steroid-sparing trials challenging. 560 

There were also differences, according to protocol, in the percent of patients that were eligible to be 561 

completely weaned off steroids. E.g. in the benralizumab study, only patients on ≤12.5 mg/day of 562 

prednisone at the end of the run-in/optimization phase were eligible to wean completely off steroids vs. 563 

30 mg in the dupilumab study. 564 

 It is our preference that patients with aspirin exacerbated respiratory disease (AERD) or atopic 565 

dermatitis (AD) are treated with dupilumab, which is likely to treat each of these comorbid conditions. 566 

AERD is known for markedly high Type 2 inflammation in upper and lower airways (See Figure 2), while 567 

dupilumab has demonstrated an ability to improve nasal congestion and symptom scores, reduce polyp 568 

size, reduce steroid use and surgery in patients with chronic rhinosinusitis with nasal polyps (CRSwNP; 569 

SINUS-24 trial phase III trial) [80]. Patients with atopic dermatitis and asthma should be treated on the 570 

300 mg dose of dupilumab, which is the approved treatment dose for AD. Although dupilumab is the 571 

only biologic that is currently FDA-approved for the treatment of nasal polyposis, two recent phase II 572 

studies showed that mepolizumab therapy reduced nasal polyp score and the need for surgery in 573 

subjects with severe bilateral nasal polyposis [81, 82]. Although the results of phase III studies of 574 
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mepolizumab in nasal polyposis are pending, it is likely that either mepolizumab or dupilumab are 575 

reasonable choices for these patients. 576 

 Benralizumab, dosed SC only every two months after an initial loading phase, has the easiest dosage 577 

regimen, followed by mepolizumab (SC monthly), dupilumab (SC twice monthly), and reslizumab (IV 578 

monthly). Dupilumab appears to cause more injection site reactions. For patients with very high severity 579 

and inadequate response to one biologic, some physicians are trialing combinations of biologics, such as 580 

a Type 2 (e.g. dupilumab) plus one of the IL-5 pathway agents. This practice is without supporting 581 

evidence or safety data. For obese patients, a common clinical practice is to consider reslizumab in place 582 

of the other IL-5 agents since it is dosed based on weight. This practice is also speculative at this point.  583 

CONCLUSION 584 

 Understanding the details and differences in asthma biologic trial designs, patient cohorts, and in 585 

study results will help care providers make more informed decisions when choosing a biologic. We are 586 

hopeful this review will serve as reference to care providers for this purpose. 587 
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Figure 1. Mechanisms of FDA-Approved Asthma Biologics. Illustrative representation of the pathways 

targeted by all five asthma biologics. 

    

 
 
  



Figure 2. Relationships of Common Asthma Phenotypes to Severity and Eosinophilia.  

 

 



Table 1. Indications and Dosing for FDATable 1. Indications and Dosing for FDATable 1. Indications and Dosing for FDATable 1. Indications and Dosing for FDA----Approved Asthma BiologicsApproved Asthma BiologicsApproved Asthma BiologicsApproved Asthma Biologics    

DRUG INDICATION DOSING 

OMALIZUMAB 

Add-on maintenance treatment for moderate-to-

severe persistent asthma in those aged 6 years 

or older with a positive skin test or in vitro 

reactivity to a perennial aeroallergen, and 

symptoms that are inadequately controlled with 

inhaled corticosteroids. 

75 to 375 mg SC every 2 

or 4 weeks* 

MEPOLIZUMAB 

Add-on maintenance treatment of patients with 

severe eosinophilic asthma, and for the 

treatment of adult patients with eosinophilic 

granulomatosis with polyangiitis (Churg-Strauss 

syndrome).  

 

Newly approved as an add-on maintenance 

treatment of patients with severe eosinophilic 

asthma aged 6 years or older. 

100 mg SC every 4 weeks 

(bodyweight > 40 kg);  

40 mg SC every 4 weeks 

(bodyweight < 40 kg) 

 

RESLIZUMAB 

Add-on maintenance treatment of patients with 

severe asthma, aged 18 years and older and with 

an eosinophilic phenotype. 

3 mg/kg IV every 4 weeks 

BENRALIZUMAB 

Add-on maintenance treatment of patients with 

severe asthma aged 12 years and older, and with 

an eosinophilic phenotype. 

30 mg SC every 4 weeks X 

3 doses, then every 8 

weeks 

DUPILUMAB 

Add-on maintenance treatment in patients with 

moderate-to-severe asthma aged 12 years and 

older with an eosinophilic phenotype or with oral 

corticosteroid dependent asthma. 

400 or 600* mg (two 

injections) SC followed by 

200 or 300** mg every 

other week 

* Dose and frequency is determined by serum total IgE level (IU/mL) pre-treatment & body weight (kg). 

** 300 mg (600 mg initial) dose is indicated for those with oral corticosteroid dependent asthma or with atopic dermatitis. 

Abbreviations: IV: intravenous, kg: kilogram, mg: milligram, SC: subcutaneous 

 
  



Table 2. Comparison of Biologics by Seminal StudiesTable 2. Comparison of Biologics by Seminal StudiesTable 2. Comparison of Biologics by Seminal StudiesTable 2. Comparison of Biologics by Seminal Studies    

BIOLOGIC AGENT POPULATION EXACERBATION 

RATES 

LUNG 

FUNCTION 

SYMPTOM 

SCORES 

REF. 

 

OMALIZUMAB 

 

Severe, allergic asthma 

 

Size: 525 

Age, mean: 39.0-39.3; 

range: 12-74 

Pre-treatment FEV1:  

67.7-68.2%  

Time: 28 weeks 

 

 

Exacerbations per 

patient 

(during trial) 

SSP: -48.1% 

SRP: -40.9% 

 

 

 

Pre-BDR FEV1 

(% predicted) 

+2.93% 

 

 

 

N/A 

 

 

Busse et 

al. 

Phase III 

[31] 

 

OMALIZUMAB 

 

Stable, moderate-

severe allergic asthma 

 

Size: 546 

Age, mean: 39.0-40.0; 

range: 12-76 

Pre-treatment FEV1:  

69.8-69.9% 

Time: 28 weeks 

 

 

Exacerbations per 

patient 

(during trial) 

SSP: -57.6%  

SRP: -52.0% 

 

 

 

 

N/A 

 

N/A 

 

Solèr et al. 

[44] 

 

OMALIZUMAB 

 

Severe, poorly 

controlled asthma 

 

Size: 419 

Age, mean: 43.3-43.4; 

range: 12-75 

Pre-treatment FEV1:  

61.0-61.6% 

Time: 28 weeks 

 

 

Rate of 

exacerbations 

(during trial) 

-26%
*
 

 

Rate of severe 

exacerbations 

(during trial) 

-50% 

 

Pre-BDR FEV1 

+0.094 

 

 

FEV1 % predicted 

+2.8% 

 

 

AQLQ 

+0.45 

 

 
INNOVATE 

Phase III 

[49] 

 

OMALIZUMAB 

 

Severe, poorly 

controlled, allergic 

asthma 

 

Size: 850 

Age, mean: 43.7-45.3; 

range: 12-75 

Pre-treatment FEV1:  

64.4-65.4% 

Time: 48 weeks 

 

Rate of exacerbations 

(during trial) 

----25%25%25%25%    

 

N/A 

 

AQLQ(S) 

+0.29+0.29+0.29+0.29    

    

Asthma 

Symptom Score 

-0.26
 

 

 

EXTRA 

[50]  



 

MEPOLIZUMAB 

 

Severe, uncontrolled, 

eosinophilic asthma 

 

Size: 616
 

Age, mean: 46.4-50.2, 

range: 12-74 

Initial FEV1: 59-61%  

Time: 52 weeks 

 

 

Exacerbations 

(per patient per year) 

75mg: ----48%48%48%48% 

250mg: ----39%39%39%39% 

750mg: ----52%52%52%52%    

    

 

 

 

Pre-BDR FEV1
 

75mg: +0.061L 

250mg: +0.081L 

750mg: +0.056L 

 

 

ACQ-6
 

75mg: -0.16 

250mg: -0.27 

750mg: -0.20 

 

AQLQ
 

75mg: +0.08 

250mg: +0.05 

750mg: +0.22 

 

DREAM 

Phase II 

[53] 

 

MEPOLIZUMAB 

 

Severe, uncontrolled, 

eosinophilic asthma 

 

Size: 576 

Age, mean: 49-51 years, 

range: 12-82 years 

Initial FEV1: 59-62%  

Time: 32 weeks 

 

Exacerbations 

(per patient per year) 

IV: ----47%47%47%47% 

SC: ----53%53%53%53% 

 

 

 

 

 

 

 

Pre-BDR FEV1 

IV: +0.100L+0.100L+0.100L+0.100L 

SC: +0.098L+0.098L+0.098L+0.098L 

 

Post-BDR FEV1 

IV: +0.146L+0.146L+0.146L+0.146L 

SC: +0.138L+0.138L+0.138L+0.138L 

 

ACQ-5 

IV: -0.420.420.420.42 

SC: ----0.440.440.440.44 

    

SGRQ 

IV: ----6.46.46.46.4    

SC:    ----7.07.07.07.0 

 

MENSA 

Phase III 

[54] 

 

RESLIZUMAB 

 

Moderate-severe, 

uncontrolled, 

eosinophilic asthma 

 

Size: 953 

Age: median: 48-49,  

range: 12-75 

Pre-treatment FEV1:  

63.6-70.4%  

Time: 52 weeks 

 

 

 

Exacerbations 

(per patient per year) 

Study 1: ----50%50%50%50% 

Study 2: ----59%59%59%59% 

 

Pooled Data: 

-54%54%54%54% 

 

 

Pre-BDR FEV1
**

 

Study 1: +0.126L+0.126L+0.126L+0.126L 

Study 2: +0.090L+0.090L+0.090L+0.090L 

 

Pooled Data: 

+0.11L+0.11L+0.11L+0.11L 

 

AQLQ 

+0.23+0.23+0.23+0.23    

 

ACQ-7 

----0.250.250.250.25    

 

ASUI 

+0.05+0.05+0.05+0.05    

    
Pooled Data

**
 

 

Castro et 

al. 

Phase III 

[57] 

 

BENRALIZUMAB
+ 

 

Severe, uncontrolled, 

eosinophilic asthma 

 

Size: 1306 

Age, mean: 48.8-50.0; 

range 12-75 

Pre-treatment FEV1:  

57.7-58.9% 

Time: 56 weeks 

 

 

 

Annual Rate Ratio 

Q4w: ----36%36%36%36% 

Q8w: ----28%28%28%28% 

 

 

 

 

 

Pre-BDR FEV1
**

 

Q4w:
 
+0.125L+0.125L+0.125L+0.125L 

Q8w: +0.116L+0.116L+0.116L+0.116L
 

 

 

 

 

Total Asthma 

Symptom 

Score
**

 

Q4w: -0.12 

Q8w: ----0.230.230.230.23 

 

ACQ-6 Scores
**

 

Q4w: -0.190.190.190.19 

Q8w: ----0.250.250.250.25 

 

AQLQ(S) +12 

Scores
**

 

Q4w: +0.16
 

Q8w: +0.24+0.24+0.24+0.24 

 

 

CALIMA 

Phase III 

[59] 



 

BENRALIZUMAB
+
 

 

Severe, uncontrolled, 

eosinophilic asthma 

 

Size: 1205 

Age, mean: 47.6-50.1; 

range: 12-75 

Pre-treatment FEV1: 

56.1-57.4% 

Time: 48 weeks 

 

 

Annual Rate Ratio 

Q4w: ----45%45%45%45% 

Q8w: ----51%51%51%51% 

 

 

 

 

Pre-BDR FEV1
**

 

Q4w: +0.106L+0.106L+0.106L+0.106L    

Q8w: +0.159L+0.159L+0.159L+0.159L 

 

 

 

 

Total Asthma 

Symptom 

Score
** 

Q4w: -0.08 

Q8w: ----0.250.250.250.25 

 

ACQ-6
**

 

Q4w: -0.15 

Q8w: ----0.290.290.290.29 

 

AQLQ[S]+12
**

 

Q4w: +0.18 

Q8w: +0.30+0.30+0.30+0.30 

 

 

SIROCCO 

Phase III 

[60] 

 

BENRALIZUMAB 

 

Severe, uncontrolled, 

eosinophilic and oral 

glucocorticoid-

dependent asthma 

 

Size: 220 

Age, mean 49.9-52.9; 

range: n/a 

Pre-treatment FEV1:  

57.4-62.0%  

Time: 28 weeks 

 

 

Annual Exacerbation 

Rate 

Q4w: -55% 

Q8w: -70% 

 

 

 

Pre-BDR FEV1
*** 

(week 20) 

Q4w: +0.256L 

Q8w: +0.222L 

 

 

 

 

 

ACQ-6 

Q4w: -0.24 

Q8w: -0.55 

 

AQLQ(S)+12 

Q4w: +0.23
 

Q8w: +0.45 

 

ZONDA 

[61] 

 

DUPILUMAB 

 

Persistent, moderate-

severe, eosinophilic 

asthma 

 

Size: 104 

Age: mean: 37.8-41.6, 

range: 18-65 

Pre-treatment FEV1: 

72.0%  

Time: 12 weeks 

 

Occurrence of 

asthma exacerbation 

(during trial) 

-87% 

 

 

Pre-BDR FEV1 

+0.270L 

 

 

 

 

 

 

ACQ-5 

-0.73 

 

Asthma 

symptom 

scores 

-0.7 

 

SNOT-22 

-8.49 

 

 

 

Wenzel et 

al. 

Phase IIA 

[63] 



 

DUPILUMAB 

 

Uncontrolled, 

moderate-to-severe 

asthma 

 

Size: 1902 

Age: mean: 47.9, range: 

12+ 

Pre-treatment FEV1: 

58.43%  

Time: 52 weeks 

 

 

Adjusted annualized 

rate of severe 

exacerbations 

 

Overall: 

200mg: -47.7% 

300mg: -46.0% 

 

Eos-high: 

200mg: -65.8% 

300mg: -67.4% 

 

 

Pre-BDR FEV1
 

 

Overall: 

200mg: +0.14L 

300mg: +0.13L 

 

Eos-high: 

200mg: +0.21L 

300mg: +0.24L 

 

 

AQLQ 

200mg: +1.28 

300mg: +1.29 

 

ACQ-5 

200mg: -0.15 

300mg: -0.16 

 

 

Castro et 

al. 

Phase 3 

[64] 

 

DUPILUMAB 

 

Severe, oral 

glucocorticoid-

dependent asthma 

 

Size: 210 

Age: mean: 50.7-51.9, 

range: ≥12 

Pre-treatment FEV1: 

51.64-52.69%  

Time: 24 weeks 

 

Annualized rate of 

severe exacerbation 

events 

 

Overall: -59% 

Eos-high: -71% 

Eos-low: -60% 

 

 

Pre-BDR FEV1
** 

 

Overall:
 
+0.22L

 

Eos-high: +0.32L 

Eos-low:
 
+0.24L

 

 

ACQ-5
** 

 

Overall: -0.47 

 

 

 

 

Rabe et 

al. [65]. 

 

Index 

Abbreviations: SSP: steroid-stable phase, SRP: steroid-reduction phase, IV: intravenous, SC: subcutaneous, Exac.: exacerbation, Sx: symptoms, 

Dx: diagnosis, OGCs: oral glucocorticoids, FOE: fluticasone or equivalent, BPD: beclomethasone dipropionate, HD: high dose, mo: months, 

adoles: adolescents, maint: maintenance, Q4w: Q4 weeks, Q8w: Q8 weeks. Eosinophil-high: ≥300 cells/µL. Eosinophil-low: <150 cells/µL. 

Exacerbation rate column: values are reported as “rate reduction versus placebo”, unless otherwise noted. Lung function and symptom column: 

values are reported as “difference from placebo”, unless otherwise noted. Un-bolded values demarcate results that did not meet statistical 

significance. 

Key: 

*
 Post-hoc analysis 

** 
LS mean ∂ vs placebo 

***
 No significant difference by week 28 (end of study) 



 1

Key Messages 1 
 2 
• While five biologic therapies have FDA-approved indications for difficult-to-control asthma, the 3 

clinical trials that proved the efficacy and safety of these biologics were similar in their inclusion 4 
criteria, study protocols, and measured outcomes. Initial trial results are now being re-analyzed and 5 
re-interpreted in subsets of asthma patients that demonstrate enhanced responses. As a result, it 6 
has become increasingly difficult to keep up with the growing body of literature surrounding asthma 7 
biologic therapy. This review summarizes and compares trial designs, patient cohorts and study 8 
results of the major trials involving these therapies. 9 
 10 

• Due to variations in inclusion criteria and natural variations in enrolled cohorts, the baseline clinical 11 
traits and severity of study populations in asthma biologic trials differed significantly. E.g. baseline 12 
annualized exacerbation rates in the year prior to enrollment and blood eosinophilia, which are both 13 
strong predictors of a biologic’s success, differed strongly among populations. 14 
 15 

• Early omalizumab efficacy trials did not stratify subjects by blood eosinophils or include patients on 16 
long-acting beta agonists or oral steroids but showed relative reductions in exacerbation rates 17 
comparable to the newer asthma biologics among less severe cohorts.  18 
 19 

• If a care provider’s aim is to reduce clinically significant exacerbations, it is our opinion that 20 
dupilumab, mepolizumab and reslizumab have the strongest supporting data. Mepolizumab has also 21 
demonstrated an ability to reduce ED visits and hospitalizations. 22 
 23 

• If the goal is to improve lung function, dupilumab therapy has demonstrated the largest numeric 24 
improvements in prebronchodilator FEV1 % predicted compared to placebo, with consistent results 25 
across all phase II and phase III trials, including its steroid-sparing trial (QUEST LIBERTY VENTURE).  26 
Benralizumab also demonstrated improvements in lung function in two phase III trials (SIROCCO, 27 
CALIMA) and its long-term safety trial (BORA). 28 
 29 

• If the objective is to reduce daily oral steroids, benralizumab and dupilumab have the strongest 30 
supporting data, with roughly 50% of subjects in both trials demonstrating an ability to stop steroids 31 
altogether. Of note, there was a strong difference across studies in the ability to reduce steroids 32 
among the placebo groups, which makes comparisons between these three steroid-sparing trials 33 
challenging. 34 


