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Abstract 42 

 43 

Asthma treatments have evolved from bronchodilators to interventions directed towards the 44 

regulation of airway inflammation. From these advances has come greater disease control and 45 

reduced morbidity. The addition of biologics directed toward specific pathways of inflammation 46 

have advanced the efficacy of asthma control. With these treatment advances, a renewed interest 47 

in achieving a remission in asthma has arisen. Although asthma remission has been considered to 48 

reflect a “cure,” new evaluations of this concept have proposed criteria for remission while on 49 

treatment. These criteria reflect a high level of disease control including absence of symptoms, 50 

optimization and stabilization of lung function, and absence of the use of systemic 51 

corticosteroids and have been proposed to indicate a remission of disease activity. Given the 52 

added efficacy found with biologics in asthma treatment for patients with moderate-to-severe 53 

disease, the question has arisen as to whether the use of biologics meets criteria for remission 54 

and may this change a component of underlying disease and risks. Biologics are highly effective 55 

in reducing exacerbations, diminishing symptoms and improving lung function in well-defined 56 

asthma populations. At present, however, biologics achieve some, but in most cases not all 57 

criteria for a remission on treatment. However, the concept of promoting treatment efforts to 58 

achieve disease remission in asthma is important, potentially achievable, and merits 59 

consideration for future guideline-directed care approaches. 60 

  61 
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List of Abbreviations – obtained from remission paper – to be revised 66 

ACQ  Asthma Control Questionnaire 67 

ACT  Asthma Control Test 68 

COPD  Chronic Obstructive Pulmonary Disease 69 

FeNO  Fractional exhaled nitric oxide 70 

FEV1  Forced expiratory volume in 1 second 71 

FVC  Forced vital capacity 72 

IL  Interleukin 73 

PROSPERO Prospective Observational Study to Evaluate Predictors of Clinical Effectiveness 74 

in Response to Omalizumab 75 
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Introduction  77 

 78 

 Over the last 80 years, there have been significant advances in asthma therapy resulting 79 

from interactions between clinical care, broad-spectrum science efforts and the pharmaceutical 80 

industry (Figure 1).1 Attention in the mid-1970s was directed toward relieving symptoms and 81 

airflow obstruction with a therapeutic focus placed on ß-adrenergic agonists.1 In the 1980s, 82 

airway inflammation was recognized as a critical and causative feature of asthma and that certain 83 

medications could block allergic reactions leading to development of inhaled corticosteroid 84 

(ICS) therapy.1 In the 1990s, ICS therapy emerged as the cornerstone of asthma management 85 

with bronchodilators serving as reliever therapy or supplementary therapy.1 A major limitation of 86 

ICS therapy has been its failure to alter the natural history of asthma, including asthma 87 

progression.2 The early 2000’s witnessed the introduction of asthma biologic therapies, initially 88 

with ant-IgE (omalizumab), followed 10 years later by the approval of anti-eosinophilic therapies 89 

(mepolizumab, benralizumab, reslizumab) and more recently anti-interleukin (IL)-4/-13 directed 90 

treatment (dupilumab).1 The latter agents have noteworthy properties of decreasing asthma 91 

exacerbations and oral corticosteroid exposure. Biologics in development against epithelial 92 

derived cytokines hold great promise to fundamentally alter the airways inflammation that is 93 

driving asthma. It remains to be seen whether biologics can alter the course of asthma by 94 

inducing remission, preventing disease progression or perhaps even blocking the onset of 95 

asthma. In managing populations of asthma patients, for example, in a medical system, principles 96 

of individualized therapy based on biomarkers, genetics and patient characteristics will be 97 

incorporated in selecting asthma medications.1 98 

 99 
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This review will consider current concepts of asthma remission, evaluate experience 100 

suggesting that biologic therapies may have the potential to induce remission, review the steps 101 

necessary to determine how we could evaluate a medication’s capability of inducing remission 102 

and how we might apply this methodology to current clinical management.  103 

 104 

What does remission mean in asthma? 105 

 106 

The established paradigm of asthma management aims to improve asthma control with 107 

any definition of asthma remission being of theoretical interest at best.3 Improved understanding 108 

of the pathophysiology of asthma, in combination with the development of targeted biologic 109 

therapies with improved control of disease, however, mandates the development of an asthma 110 

remission definition, as it may now, or soon, be an achievable treatment target and become a 111 

component of guideline-directed care. 112 

 113 

When formulating a definition of asthma remission, it is logical to review the literature to 114 

understand how remission is defined in other chronic inflammatory conditions. A structured 115 

literature search identified six diseases with established definitions of remission,4 including 116 

rheumatoid arthritis and inflammatory bowel disease. When reviewing these definitions, it 117 

becomes clear that remission can be subdivided into clinical and inflammatory components and 118 

that all definitions allow for the continuation of at least some background therapy. For instance, 119 

the ACR/EULAR 2011 provisional definition of rheumatoid arthritis remission5 contains a core 120 

set of clinical and biomarker parameters that are easily measurable in trials and routine clinical 121 

practice, which predict a good outcome, but are severity, duration and medication independent. 122 
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We have to be careful when designing, and applying, a definition of asthma remission. If, for 123 

example, we set the bar too high, e.g. no symptoms, no inflammation on no therapy for a 124 

prolonged period of time, we are approaching cure, which, at the moment, is not achievable. 125 

Moving from asthma control to asthma remission should be viewed as an important step on the 126 

journey towards asthma cure rather than as the final destination. 127 

 128 

To see whether remission is an achievable goal, it is also of benefit to ascertain whether 129 

asthma remission can occur spontaneously. A review of the published literature4 has 130 

demonstrated that spontaneous remission can occur in both early6 and late onset7 asthma. The 131 

incidence of spontaneous remission varies between 1.5 and 33.3% across studies based on the 132 

definition applied.4 Clinical remission definitions focus on patient reported symptoms and 133 

medication burden, whereas complete remission definitions include additional requirements 134 

including normalization of lung function, airways inflammation and absence of bronchial 135 

hyperreactivity.  136 

 137 

Given the evidence confirming that an asthma remission is possible as part of the natural 138 

history of the condition and the development of disease remission definitions for other chronic 139 

inflammatory conditions in which biologic agents are available, it is timely to develop and iterate 140 

a remission definition for asthma. One key issue for an asthma remission definition to take into 141 

account is the variability of the disease over time. Any remission definition needs to be durable 142 

and there remains significant debate regarding how long patients need to meet the definition 143 

before they are ‘in remission.’ Asthma remission has to be more than prolonged phase of control 144 
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and, at the same time, needs to be testable in clinical trials, clinically relevant and measurable in 145 

routine clinical practice. 146 

 147 

In an attempt to produce an initial remission definition to promote wider discussion and 148 

iteration, a modified Delphi survey approach was used to gain expert consensus on the core 149 

components of an asthma remission definition.4 After reviewing remission definitions for other 150 

chronic inflammatory conditions and the evidence based on a spontaneous asthma remission, the 151 

consensus view was that symptoms, exacerbations, asthma control, airways physiology and 152 

inflammation were all important components of the proposed definition. A generalized 153 

framework for definitions of clinical and complete remission, on and off treatment, was 154 

developed, producing four subtypes of asthma remission ranging from clinical remission on 155 

treatment to complete remission off treatment (Figure 2). Complete remission is the goal for all 156 

patients, but may not always be achievable or measurable, in which case the focus should switch 157 

to clinical remission. Similarly, whilst remission off all treatment is the ultimate goal, this may 158 

well not be achievable with currently and soon to be available therapies, in which case remission 159 

on treatment remains a valuable treatment target and will be the focus of our discussion.  160 

 161 

Does the use of biologics lead to a remission in asthma? 162 

 163 

The use of biologics for severe asthma has provided therapeutic efficacy to achieve 164 

disease control when standard guideline-directed treatments are not effective. Five monoclonal 165 

antibodies (Table 1) are currently approved for use in severe asthma and target components of 166 

Type (T)2 pathways of inflammation, including IL-4, -5 and -13, which are present in 167 
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approximately 70% of asthma patients.8, 9 Given the added efficacy achieved when biologics are 168 

added to previous treatment that did not produce disease control, do the associated improvements 169 

in disease control reflect an asthma remission? The following discussion will consider whether 170 

biologic treatment in severe asthma meets noted criteria for an asthma remission (Figure 2). 171 

 172 

Our discussion will focus on outcome features that align with “Clinical Remission on 173 

Treatment:” (1) sustained absence of significant asthma symptoms based upon a validated 174 

instrument, (2) optimization and stabilization of lung function, and (3) no use of systemic 175 

corticosteroid therapy for exacerbation treatment or long-term disease control.  176 

 177 

Omalizumab was approved for severe allergic asthma in 2003 and has a longstanding 178 

record of safety and efficacy with a primary efficacy outcome of a prevention of exacerbations.10 179 

What has been learned about omalizumab’s effects on features of remission? PROSPERO 180 

(Prospective Observational Study to Evaluate Predictors of Clinical Effectiveness in Response to 181 

Omalizumab)11 was designed to evaluate the efficacy of omalizumab in a real-world, open-label 182 

design. A number of findings from PROSPERO provide insight into omalizumab’s effect on 183 

criteria for an asthma remission. 622 patients who were enrolled in PROSPERO by their 184 

physicians based upon an appropriate need for “next-step” treatment. Measures of disease 185 

control monitored during omalizumab treatment included exacerbations, health care utilization, 186 

and asthma control by the Asthma Control Test (ACT). The investigators pre-specified responder 187 

criteria, which included changes from uncontrolled to controlled as measured by an ACT score 188 

≥20 at study completion. They also measured the effects of omalizumab on exacerbations, but at 189 

a pre-specified 50% reduction from baseline, not an absence as defined for a remission. At 190 
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baseline in PROSPERO, 83.8% of the enrolled subjects had uncontrolled asthma (ACT <19). 191 

About 50% of the uncontrolled subjects achieved asthma control while on omalizumab, e.g. ACT 192 

≥ 20. Symptom control (i.e. ACT) responders had higher baseline blood eosinophil levels, ≥300 193 

cells/µL. Exacerbation rates were also reduced by omalizumab treatment, falling from a mean 194 

baseline value of 3.00 ± 3.34 events in the previous 12 months to 0.78 ± 1.37 exacerbations (p 195 

<0.001) on omalizumab. Moreover, 62.7% of subjects experienced no exacerbations with 196 

omalizumab during PROSPERO. The investigators also conducted responder analyses, which 197 

they defined as meeting one or more pre-defined responder criteria. 77.8% were considered 198 

responders by a 50% or more reduction in exacerbation, and 64.7% were responders by 199 

improved ACT, which was a minimally important difference in ACT of 3 or greater. When 200 

considering a responder by two criteria, ACT and exacerbation, 54.1% were responders. Thus, a 201 

portion of the PROSPERO subjects met two criteria of remission: absence of exacerbations and 202 

improved symptoms. Lung functions did not improve. Whether the degree to which omalizumab 203 

achieved features of an asthma remission relates to its treatment target, e.g. IgE vs cytokines, is 204 

not established. 205 

 206 

Anti-cytokine biologics 207 

 208 

IL-4, -5, and -13 are the central mediators for T2 inflammation.12 Monoclonal antibodies 209 

directed against IL-5 and IL-4/IL-13 are approved for treatment of severe asthma (Table 1). 210 

Collectively, but to varying degrees, T2 antagonists prevent asthma exacerbations, improve 211 

airflow obstruction, and reduce symptoms, all target features incorporated into the definition for 212 

remission. Furthermore, as will be reviewed, long-term observation periods with some 213 
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monoclonals provide enriched insight into achievement of remission over an extended 214 

timeframe.  215 

 216 

Anti-IL-5 treatment 217 

Mepolizumab was the first monoclonal antibody directed against IL-5 to demonstrate 218 

efficacy in large-scale, placebo-controlled, randomized trials13 and was approved for clinical 219 

treatment of severe, eosinophilic asthma in 2015. MENSA14 compared two doses and routes of 220 

administration of mepolizumab (75 mg every 4 weeks intravenous and 100 mg every 4 weeks 221 

subcutaneous vs placebo) in a 32-week trial with a primary outcome of the annualized frequency 222 

of exacerbations. Secondary outcomes included changes in FEV1 and patient-related outcomes: 223 

Asthma Control Questionnaire (ACQ)-5 and St. George Respiratory Questionnaire (SGRQ). 224 

Both mepolizumab doses significantly reduced the frequency of asthma exacerbations, 75 mg 225 

intravenous by 47% (p <0.001) and 100 mg subcutaneous by 53% (p <0.001). In addition, both 226 

mepolizumab doses improved baseline and post-bronchodilator FEV1 values (100 ml over 227 

placebo with intravenous mepolizumab (p=0.02) and 98 ml over placebo with subcutaneous 228 

mepolizumab (n=0.03). These improvements did not restore normal lung function. Although 229 

ACQ-5 values improved, the degree of change did not exceed the mean clinical significant 230 

improvement of 0.5 as a group. What was not established in this study is the frequency of 231 

patients who met criteria for an asthma remission. The impact of biologic interactions on 232 

remission cannot be made with group mean data, but rather responder analyses. 233 

 234 

COLUMBA15 was an open-label extension of subjects who had received mepolizumab in 235 

the DREAM study.13 The mepolizumab dose for COLUMBA was 100 mg subcutaneous every 4 236 
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weeks. The COLUMBA trial design had inherent complexities. Prior to subject enrollment in 237 

COLUMBA, the COLUMBA enrolled subjects had a 17.8 month interval (median value) off 238 

treatment with mepolizumab following DREAM. Once enrolled, the mean duration of 239 

mepolizumab treatment in COLUMBA was 3.5 years.  240 

 241 

COLUMBA enrolled 347 patients, mean age of 52.2 years, with 65% being females. The 242 

annualized rate of exacerbations during treatment in COLUMBA was 0.68 events/year; this 243 

represents a 61% reduction in exacerbations from that experienced during the off-treatment 244 

period following completion of DREAM13 and eventual enrollment in COLUMBA (Figure 3). 245 

The effect of mepolizumab on exacerbations was seen equally in patients with early onset 246 

asthma, <33 years and late onset asthma ≥33 years. Furthermore, 33% did not experience an 247 

exacerbation while on mepolizumab over the 3.5 year average duration of COLUMBA. In 248 

COLUMBA, interestingly, sustained beneficial effects on lung functions did not parallel the 249 

long-term reductions in exacerbation risks. By week 200, the initial improvements in FEV1 were 250 

lost. Symptom control was also improved and sustained in COLUMAB with a mean reduction in 251 

ACQ-5 by 0.47 points. Approximately 50% of the subjects had a mean improvement (decrease in 252 

score) of 0.5 or more. There are no data on the percentage of subjects who had both a sustained 253 

prevention of exacerbations and improved symptom control. However, from the data available, 254 

mepolizumab’s sustained effects, in relation to achieving a remission, were gained primarily by a 255 

prevention of exacerbation in 33% of subjects.  256 

 257 

Benralizumab is directed against the IL-5R, reduced exacerbation rates, and improved 258 

FEV1 values in the pivotal clinical trials.16, 17 The targeted peripheral blood eosinophil values for 259 
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associated efficacy is ≥300 cells/µL. A subsequent analysis by Fitzgerald and colleagues of these 260 

two major trials16, 17 to identify the clinical characteristics to predict improved outcomes found, 261 

in an unbiased analysis, that previous rates of exacerbations, baseline eosinophil counts and 262 

baseline lung functions, were criteria which most consistently predicted reductions in 263 

exacerbations by benralizumab.18 In addition, baseline lung functions, particularly if 264 

accompanied by reversibility and elevated eosinophil counts, predicted an eventual improvement 265 

in FEV1. These analyses provide historical and biomarker values to predict beneficial outcomes 266 

and, possibly, identify asthma patients most likely to reach criteria of a remission, or partial 267 

remission.  268 

 269 

To more fully assess sustained effects of benralizumab and effects on criteria of a 270 

remission, BORA,19 which was a double-blind, randomized, parallel-group phase 3 extension 271 

trial with subjects who had completed either the SIROCCO16 or CALIMA17 trial. Patients on 272 

active benralizumab in SIROCCO (48 weeks) and CALIMA (56 weeks) continued benralizumab 273 

for an additional 56 weeks in BORA to provide a two-year assessment of treatment. Subjects 274 

who received placebo in the initial trials were given benralizumab, either 30 mg q 4 weeks or q 8 275 

weeks, for 56 weeks. The final analysis included 1576 patients. Of the 1046 subjects with blood 276 

eosinophil counts ≥300 cell/µL, 753 (72%) did not experience an exacerbation in BORA. In 277 

contrast, for subjects with eosinophils <300 cells/µL, benralizumab had no effect on 278 

exacerbation rates. Subjects who had received benralizumab during SIROCCO or CALIMA 279 

continued to maintain improved FEV1 values, but not consistently when baseline eosinophils 280 

were <300 cells/µL (Figure 4). Thus, data on “long-term” effects with benralizumab suggest that 281 

significant populations of patients with eosinophil counts ≥300 cells/µL meet features of 282 
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remission: prevention of exacerbation, stabilized improved lung function and symptom control, 283 

ACQ-6 <1.5. 284 

 285 

Anti-IL-4/IL-13  286 

 287 

Dupilumab binds to IL-4R to block the IL-4/IL-13 pathway, which contributes to many 288 

aspects of airway inflammation and altered lung function.9 Clinical trials with dupilumab have 289 

found a nearly 50% reduction in exacerbations, improved lung function, and lessening of 290 

symptoms.20 In the Liberty Asthma Quest clinical trial, Castro et al reported on 1,902 evaluated 291 

subjects who were 12 years of age or older and received 52 weeks of treatment.20 The active 292 

treatment arms included dupilumab, 200 mg or 300 mg every two weeks, versus respective 293 

placebo.20 Both treatment dosing regimens significantly reduced severe asthma exacerbations: 294 

47.7% with 200 mg dupilumab and 46.0% with 300 mg dupilumab, overall and irrespective of 295 

peripheral blood eosinophil counts. The greatest prevention of exacerbations to both doses of 296 

dupilumab was seen with peripheral eosinophils of ≥300 cells/µL. Subjects with eosinophils 297 

<150 cells/µL had a similar frequency of exacerbations to placebo. The clinical trial data do not 298 

indicate the frequency of subjects who experienced no exacerbations with dupilumab and would, 299 

therefore, be considered a remission responder. The target group for greatest efficacy was in 300 

subjects with FeNO ≥25 ppb and eosinophils ≥150 cells/µL (Figure 5). 301 

 302 

Lung function improvement was a secondary outcome in QUEST. FEV1 improvements 303 

were apparent following 2 weeks of treatment and maximal at the 12-week treatment interval and 304 

then sustained. Statistical improvements in FEV1 were noted when blood eosinophils were ≥150 305 
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cells/µL but maximal with eosinophils ≥300 cells/µL. Post-bronchodilator FEV1 values at 306 

study’s completion showed a 40 ml loss of volume in the placebo-treated groups over the year-307 

long study, but there was no loss of FEV1 with dupilumab. Whether this protective effect on lung 308 

function indicates that dupilumab prevents the progressive loss of lung function seen in asthma 309 

and represents a “remission” in disease progression, is not established. It will be helpful to do 310 

sub-analyses on dupilumab-treated subjects to determine the frequency of patients who reach 311 

criteria for remission and what are their phenotypic characteristics. 312 

 313 

Effect of reductions of systemic corticosteroids with biologic treatment on asthma control 314 

 315 

 The need for systemic corticosteroid treatment to maintain disease control identifies 316 

asthma patients with the most severe disease and greatest recalcitrance to current treatment 317 

approaches. In considering whether biologics may contribute to asthma remissions, an argument 318 

can be made that a reduction, or elimination, of systemic corticosteroids leads to a remission of a 319 

component of severe asthma. Evaluations of the effects of biologics in these patients are, we 320 

believe, important to consider in our discussion on remissions. 321 

 322 

 Rabe et al21 reported on glucocorticoid sparing effects with dupilumab with 210 patients 323 

enrolled and randomized to either dupilumab, 300 mg q 2 weeks or placebo. Following a 324 

systemic corticosteroid adjustment to establish baseline prednisone requirements, a downward 325 

corticosteroid adjustment was made from week 4 to week 20, with the primary endpoint being 326 

the percentage reduction in the systemic glucocorticoid dose. Key outcomes with dupilumab vs 327 

placebo were: glucocorticoid reduction, 70.1 ± 4.9% vs 41.9 ± 4.6% (p <0.001); no longer 328 

Jo
urn

al 
Pre-

pro
of



Menzies-Gow-16 
 

requiring systemic corticosteroids, 48% vs 25% (p = 0.002). With dupilumab, the exacerbation 329 

rate was 59% less than in the placebo arm. FEV1 values improved by 0.22L greater than placebo. 330 

Although corticosteroid reductions are not part of the definition for remission, these 331 

corticosteroid-sparing traits suggest that biologics may create a “remission” of a component of 332 

disease associated with the need for systemic corticosteroids. Reducing or eliminating systemic 333 

corticosteroids is a disease re-adjustment and may represent a form of remission, at least 334 

reflecting disease severity. 335 

 336 

What are the next steps in designing and assessing therapies to induce remission? 337 

 338 

We can conclude, as a group, current biologics are efficacious in achieving improved 339 

disease control in patients with severe disease with characteristics of T2 inflammation but do not 340 

meet criteria for remission in all treated subjects, or all the criteria for remission. The criteria for 341 

remissions most frequently achieved were a reduction in exacerbations. What is needed next is 342 

an analysis on the frequency of patients treated by available biologic treatments meet and criteria 343 

for a remission and what are the patient characteristics. With the goal to identify treatments that 344 

could potentially induce remission and the properties of the asthma biologics identified in the 345 

previous discussion, the next step will be to better characterize available asthma biologics and 346 

define areas of remission that are met or not met with these therapies.  347 

 348 

There is an element of disease progression in asthma as indicated by loss of pulmonary 349 

function over time, and a factor to consider in assessing features of remission. This may be more 350 

predominant in children than adults and was typified in the long-term follow-up on the National 351 
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Heart, Lung and Blood Institute Childhood Asthma Management Program.22 In this group of 352 

over 1,000 patients and followed for 15 years, there were four patterns in lung function that 353 

emerged; (1) those that followed a normal lung function trajectory, based on pre-bronchodilator 354 

FEV1%, through childhood and early adult age; (2) those that had a normal trajectory during 355 

childhood but declined in early adulthood; (3) those that followed a low lung trajectory through 356 

the study period; and (4) those that had a low lung trajectory in childhood and declined even 357 

further in early adult age (Figure 6). Approximately 11% of this population met physiologic 358 

criteria for advanced COPD as young adults. A proportion of these patients were receiving either 359 

inhaled corticosteroid or cromolyn therapy for over 5 years at the start of follow-up. These 360 

patterns of lung function loss occurred despite the treatment arm. The question is whether these 361 

patterns in either adults or children could be prevented or resolved.  362 

 363 

In order to evaluate whether a biologic for asthma might alter these patterns of lung 364 

function change in a clinical study, or individually, it is important to characterize the patient with 365 

lung function measures over time to define a “non-decliner,” “slow decliner” or “rapid decliner.” 366 

In regards to slow and rapid decliners in pulmonary function, it is not clear whether unresolved 367 

asthma exacerbations contribute to a decline in pulmonary function or whether the progressive 368 

loss in pulmonary function over time contributes to the risk for an asthma exacerbation. 369 

Therefore, long-term follow-up of pulmonary function and the frequency of exacerbations before 370 

and after intervention with an asthma biologic is important for clinical studies and for 371 

individualized care, to define the specific effect of an intervention and consider these effects in 372 

relation to remissions. Other measures of documenting the effect for potential disease remission 373 
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include following asthma composite scores, such as ACT for impairment or CASI/ASSESS for 374 

overall asthma burden.23-26  375 

 376 

Besides the clinical trials of asthma biologics, there are other studies in progress to 377 

evaluate the potential of medications to alter the natural history of asthma including the PARK 378 

study and ORBEX.  The PARK study will test whether anti-IgE administered in early child may 379 

alter the natural history of asthma (https://parkstudy.org/ 380 

https://vector.childrenshospital.org/2016/08/asthma-prevention-xolair/ 381 

 382 

And the clinical trials.gov listing Clinical trials.gov NCT02570984). Similarly, the ORBEX 383 

study will test whether inducing immunologic response with a killed bacterial lysate could play a 384 

role in preventing asthma exacerbations and reducing inflammation 385 

(clinicaltrial.gov registration: https://clinicaltrials.gov/ct2/show/NCT02148796) 386 

 387 

Summary 388 

 389 

 Therefore, the future directions in asthma treatment to gain disease control, especially 390 

with asthma biologics, should determine whether they offer a unique feature beyond 391 

conventional therapy, including the establishment of a disease remission. It would be ideal if 392 

current or future medications could alter asthma progression and, perhaps, have the potential for 393 

early intervention to halt the onset of asthma and thus reflect disease remission. Asthma 394 

guidelines in the future should emphasize clinical assessment of the natural history of a patient’s 395 

disease and include a definition of remission in treatment plans. It will be important to evaluate 396 

and characterize patients over time in regards to disease activity and potential for expression of 397 
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features of remission. Having criteria to assess remission will be a next important step forward 398 

towards a goal of greater asthma control and long-term safety as less effective medications, often 399 

with significant side effects, are replaced. This approach is reflective of treatment of 400 

hypertension where the goal is a reduction, or remission, in the sequela of the disease. A shift to 401 

include asthma remission in treatment planning will represent a new phase of achieving disease 402 

control and should become an aspect of treatment outcome evaluations that represent greater 403 

degrees of asthma control. 404 

 405 

  406 
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Table 1. What T2-Directed Biologics Are Available for Severe Asthma? 487 
 488 
Agent ↓ Exacerbations ↑ Lung func�on Symptoms Special feature 

Omalizumab (IgE) 25% ± +/± Aged >6 y; also approved 

 for CIU 

Mepolizumab (IL-5) 50% + + Greatest experience of anti-

 IL-5s; also approved for 

 EGPA 

Reslizumab (IL-5) 50% ++ + Weight-base dose 

 (intravenously) 

Benralizumab (IL-5R) 50% ++ ++ Every 8 wk and IL-5R 

Dupilumab (IL-4/IL-13) 50% ++ +++ Eosinophils, FeNO; also 

 approved for AD and 

 CRSwNP 

Abbreviations: AD, atopic dermatitis; CIU, chronic idiopathic urticaria; CRSwNP, chronic 489 

rhinosinusitis with nasal polyps; EGPA, eosinophilic granulomatosis with polyangiitis; FeNO, 490 

fractional exhaled nitric oxide, IL, interleukin; OCS, oral corticosteroid. 491 

  492 
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Legends for figures 493 

 494 

Figure 1. Summary of changes in asthma management that integrate the focus of disease activity 495 

and the corresponding medications developed to address this therapeutic target. LABA, long-496 

acting -agonist (reprinted with permission from Szefler SJ, J Allergy Clin Immunol 497 

2018;142:773-80).1 498 

 499 

Figure 2. Generalized framework for remission in asthma. Criteria for clinical and complete 500 

remission, on and off treatment, were identified by consensus among clinical experts. FeNO, 501 

Fractional exhaled nitric oxide. *Blood eosinophil counts and FeNO are less relevant for T2-low 502 

asthma. From Menzies-Gow et al. J Allergy Clin Immunol 2020;145:757-65.4 503 

 504 

Figure 3. Summary of efficacy end points. A, Exacerbation rate per year across DREAM and 505 

COLUMBA. A total of 286 patients with 156 weeks or more of open-label data in COLUMBA 506 

are summarized (DREAM: placebo, n = 62; mepolizumab, n = 224). B, ACQ-5 score change 507 

from baseline. C, Prebronchodilator FEV1 change from baseline. D, Blood eosinophil geometric 508 

mean ratio to baseline. Pretreatment refers to the 12 months before enrollment in DREAM. 509 

ACQ-5 responders were defined as patients with a reduction in ACQ-5 score of 0.5 points or 510 

more from baseline. Vertical bars show 95% CIs. Minimum clinically important difference: 511 

ACQ-5, 0.5 points; FEV1, 100 mL. From Khatri et al J Allergy Clin Immunol 2019;143:1742-512 

51.15 513 

Jo
urn

al 
Pre-

pro
of



Menzies-Gow-26 
 

Figure 4.  Change from baseline in pre-bronchodilator FEV1 by baseline blood eosinophil counts 514 

(full analysis set). Group names are what patients received in the preceding SIROCCO or 515 

CALIMA trials/what they received in this trial. Q4W=every 4 weeks. Q8W=every 8 weeks (first 516 

three doses Q4W). *Data at this time point are from adult patients only. From Busse et al Lancet 517 

Respir Med 2019;7:46-49.19 518 

 519 

Figure 5. Forest plots of the risk of severe asthma exacerbations in the intention-to-treat 520 

population and in subgroups defined according to baseline blood eosinophil count and baseline 521 

FeNO. FeNO denotes fraction of exhaled nitric oxide, and ppb parts per billion. From Castro et 522 

al. N Engl J Med 2018;378:2486-96.20 523 

 524 

Figure 6.  Possible lung-function trajectories during the first three decades of life are shown; the 525 

lung function plotted for each age is the percentage of the maximum forced expiratory volume in 526 

1 second (FEV1) in a person without lung disease; the maximum value is usually attained at the 527 

age of 18 to 30 years. A normal pattern of lung-function growth and decline is characterized by a 528 

steep increase during adolescence, a plateau in early adulthood, and a gradual decline into old 529 

age. Abnormal trajectories include reduced growth, normal growth and an early decline, and 530 

reduced growth and an early decline. The red brackets indicate FEV1 criteria according to Global 531 

Initiative for Chronic Obstructive Lung Disease (GOLD) stage 2 (FEV1 ≥50% and <80%) and 532 

stage 3 (FEV1 ≥30% and <50%) of chronic obstructive pulmonary disease (COPD), when 533 

accompanied by a ratio of FEV1 to forced vital capacity that is less than 0.70. The figure is 534 

adapted from Speizer and Tager. From McGeachie MJ et al. N Engl J Med 2016;374:1842-535 

1852.22 536 
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Terms and Conditions

INTRODUCTION

1. The publisher for this copyrighted material is Elsevier.  By clicking "accept" in connection
with completing this licensing transaction, you agree that the following terms and conditions
apply to this transaction (along with the Billing and Payment terms and conditions
established by Copyright Clearance Center, Inc. ("CCC"), at the time that you opened your
Rightslink account and that are available at any time at http://myaccount.copyright.com).

GENERAL TERMS

2. Elsevier hereby grants you permission to reproduce the aforementioned material subject to
the terms and conditions indicated.

3. Acknowledgement: If any part of the material to be used (for example, figures) has
appeared in our publication with credit or acknowledgement to another source, permission
must also be sought from that source.  If such permission is not obtained then that material
may not be included in your publication/copies. Suitable acknowledgement to the source
must be made, either as a footnote or in a reference list at the end of your publication, as
follows:

"Reprinted from Publication title, Vol /edition number, Author(s), Title of article / title of
chapter, Pages No., Copyright (Year), with permission from Elsevier [OR APPLICABLE
SOCIETY COPYRIGHT OWNER]." Also Lancet special credit - "Reprinted from The
Lancet, Vol. number, Author(s), Title of article, Pages No., Copyright (Year), with
permission from Elsevier."

4. Reproduction of this material is confined to the purpose and/or media for which
permission is hereby given.

5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be
altered/adapted minimally to serve your work. Any other abbreviations, additions, deletions
and/or any other alterations shall be made only with prior written authorization of Elsevier
Ltd. (Please contact Elsevier’s permissions helpdesk here). No modifications can be made to
any Lancet figures/tables and they must be reproduced in full.

6. If the permission fee for the requested use of our material is waived in this instance,
please be advised that your future requests for Elsevier materials may attract a fee.

7. Reservation of Rights: Publisher reserves all rights not specifically granted in the
combination of (i) the license details provided by you and accepted in the course of this
licensing transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment
terms and conditions.

8. License Contingent Upon Payment: While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for the
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transaction, provided that you have disclosed complete and accurate details of your proposed
use, no license is finally effective unless and until full payment is received from you (either
by publisher or by CCC) as provided in CCC's Billing and Payment terms and conditions.  If
full payment is not received on a timely basis, then any license preliminarily granted shall be
deemed automatically revoked and shall be void as if never granted.  Further, in the event
that you breach any of these terms and conditions or any of CCC's Billing and Payment
terms and conditions, the license is automatically revoked and shall be void as if never
granted.  Use of materials as described in a revoked license, as well as any use of the
materials beyond the scope of an unrevoked license, may constitute copyright infringement
and publisher reserves the right to take any and all action to protect its copyright in the
materials.

9. Warranties: Publisher makes no representations or warranties with respect to the licensed
material.

10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and
their respective officers, directors, employees and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.

11. No Transfer of License: This license is personal to you and may not be sublicensed,
assigned, or transferred by you to any other person without publisher's written permission.

12. No Amendment Except in Writing: This license may not be amended except in a writing
signed by both parties (or, in the case of publisher, by CCC on publisher's behalf).

13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any
purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions.  These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction.  In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions
shall control.

14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion, for any reason or no reason, with a full refund payable
to you.  Notice of such denial will be made using the contact information provided by you. 
Failure to receive such notice will not alter or invalidate the denial.  In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you as a result of a denial of your permission request, other than a refund of the
amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied
permissions.

LIMITED LICENSE

The following terms and conditions apply only to specific license types:

15. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
may only translate this content into the languages you requested. A professional translator
must perform all translations and reproduce the content word for word preserving the
integrity of the article.
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16. Posting licensed content on any Website: The following terms and conditions apply as
follows: Licensing material from an Elsevier journal: All content posted to the web site must
maintain the copyright information line on the bottom of each image; A hyper-text must be
included to the Homepage of the journal from which you are licensing at
http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage for books at
http://www.elsevier.com; Central Storage: This license does not include permission for a
scanned version of the material to be stored in a central repository such as that provided by
Heron/XanEdu.

Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier
homepage at http://www.elsevier.com . All content posted to the web site must maintain the
copyright information line on the bottom of each image.

Posting licensed content on Electronic reserve: In addition to the above the following
clauses are applicable: The web site must be password-protected and made available only to
bona fide students registered on a relevant course. This permission is granted for 1 year only.
You may obtain a new license for future website posting.

17. For journal authors: the following clauses are applicable in addition to the above:

Preprints:

A preprint is an author's own write-up of research results and analysis, it has not been peer-
reviewed, nor has it had any other value added to it by a publisher (such as formatting,
copyright, technical enhancement etc.).

Authors can share their preprints anywhere at any time. Preprints should not be added to or
enhanced in any way in order to appear more like, or to substitute for, the final versions of
articles however authors can update their preprints on arXiv or RePEc with their Accepted
Author Manuscript (see below).

If accepted for publication, we encourage authors to link from the preprint to their formal
publication via its DOI. Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help users to find, access, cite and use the best available
version. Please note that Cell Press, The Lancet and some society-owned have different
preprint policies. Information on these policies is available on the journal homepage.

Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an
article that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and editor-author
communications.

Authors can share their accepted author manuscript:

immediately
via their non-commercial person homepage or blog
by updating a preprint in arXiv or RePEc with the accepted manuscript
via their research institute or institutional repository for internal institutional
uses or as part of an invitation-only research collaboration work-group
directly by providing copies to their students or to research collaborators for
their personal use
for private scholarly sharing as part of an invitation-only work group on
commercial sites with which Elsevier has an agreement
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via non-commercial hosting platforms such as their institutional repository
via commercial sites with which Elsevier has an agreement

In all cases accepted manuscripts should:

link to the formal publication via its DOI
bear a CC-BY-NC-ND license - this is easy to do
if aggregated with other manuscripts, for example in a repository or other site, be
shared in alignment with our hosting policy not be added to or enhanced in any way to
appear more like, or to substitute for, the published journal article.

Published journal article (JPA): A published journal article (PJA) is the definitive final
record of published research that appears or will appear in the journal and embodies all
value-adding publishing activities including peer review co-ordination, copy-editing,
formatting, (if relevant) pagination and online enrichment.

Policies for sharing publishing journal articles differ for subscription and gold open access
articles:

Subscription Articles: If you are an author, please share a link to your article rather than the
full-text. Millions of researchers have access to the formal publications on ScienceDirect,
and so links will help your users to find, access, cite, and use the best available version.

Theses and dissertations which contain embedded PJAs as part of the formal submission can
be posted publicly by the awarding institution with DOI links back to the formal
publications on ScienceDirect.

If you are affiliated with a library that subscribes to ScienceDirect you have additional
private sharing rights for others' research accessed under that agreement. This includes use
for classroom teaching and internal training at the institution (including use in course packs
and courseware programs), and inclusion of the article for grant funding purposes.

Gold Open Access Articles: May be shared according to the author-selected end-user
license and should contain a CrossMark logo, the end user license, and a DOI link to the
formal publication on ScienceDirect.

Please refer to Elsevier's posting policy for further information.

18. For book authors the following clauses are applicable in addition to the above:  
Authors are permitted to place a brief summary of their work online only. You are not
allowed to download and post the published electronic version of your chapter, nor may you
scan the printed edition to create an electronic version. Posting to a repository: Authors are
permitted to post a summary of their chapter only in their institution's repository.

19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may be
submitted to your institution in either print or electronic form. Should your thesis be
published commercially, please reapply for permission. These requirements include
permission for the Library and Archives of Canada to supply single copies, on demand, of
the complete thesis and include permission for Proquest/UMI to supply single copies, on
demand, of the complete thesis. Should your thesis be published commercially, please
reapply for permission. Theses and dissertations which contain embedded PJAs as part of
the formal submission can be posted publicly by the awarding institution with DOI links
back to the formal publications on ScienceDirect.
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Elsevier Open Access Terms and Conditions

You can publish open access with Elsevier in hundreds of open access journals or in nearly
2000 established subscription journals that support open access publishing. Permitted third
party re-use of these open access articles is defined by the author's choice of Creative
Commons user license. See our open access license policy for more information.

Terms & Conditions applicable to all Open Access articles published with Elsevier:

Any reuse of the article must not represent the author as endorsing the adaptation of the
article nor should the article be modified in such a way as to damage the author's honour or
reputation. If any changes have been made, such changes must be clearly indicated.

The author(s) must be appropriately credited and we ask that you include the end user
license and a DOI link to the formal publication on ScienceDirect.

If any part of the material to be used (for example, figures) has appeared in our publication
with credit or acknowledgement to another source it is the responsibility of the user to
ensure their reuse complies with the terms and conditions determined by the rights holder.

Additional Terms & Conditions applicable to each Creative Commons user license:

CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new
works from the Article, to alter and revise the Article and to make commercial use of the
Article (including reuse and/or resale of the Article by commercial entities), provided the
user gives appropriate credit (with a link to the formal publication through the relevant
DOI), provides a link to the license, indicates if changes were made and the licensor is not
represented as endorsing the use made of the work. The full details of the license are
available at http://creativecommons.org/licenses/by/4.0.

CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts,
abstracts and new works from the Article, to alter and revise the Article, provided this is not
done for commercial purposes, and that the user gives appropriate credit (with a link to the
formal publication through the relevant DOI), provides a link to the license, indicates if
changes were made and the licensor is not represented as endorsing the use made of the
work. Further, any new works must be made available on the same conditions. The full
details of the license are available at http://creativecommons.org/licenses/by-nc-sa/4.0.

CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the Article,
provided this is not done for commercial purposes and further does not permit distribution of
the Article if it is changed or edited in any way, and provided the user gives appropriate
credit (with a link to the formal publication through the relevant DOI), provides a link to the
license, and that the licensor is not represented as endorsing the use made of the work. The
full details of the license are available at http://creativecommons.org/licenses/by-nc-nd/4.0.
Any commercial reuse of Open Access articles published with a CC BY NC SA or CC BY
NC ND license requires permission from Elsevier and will be subject to a fee.

Commercial reuse includes:

Associating advertising with the full text of the Article
Charging fees for document delivery or access
Article aggregation
Systematic distribution via e-mail lists or share buttons

Posting or linking by commercial companies for use by customers of those companies.
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Total 102.23 USD

Terms and Conditions

Introduction

The publisher for this copyrighted content is Massachusetts Medical Society ("MMS"). By
clicking "accept" in connection with completing this licensing transaction, you agree that the
following terms and conditions apply (along with the Billing and Payment terms and
conditions established by Copyright Clearance Center, Inc. ("CCC"), at the time that you
opened your RightsLink account and that are available at any time at
http://myaccount.copyright.com).

Scope of License

1. MMS hereby grants to you a non-exclusive license to reproduce the aforementioned
content subject to the terms and conditions indicated within the RightsLink transaction.
Licenses are for one-time use only. Web posting is limited to the time period selected within
your transaction - beginning on the date of this license.

2. This grant of permission is for the content to be used without alteration, as originally
published by MMS. However, minor formatting and stylistic changes are permitted,
provided that any explanatory material or figure legend that you use accurately reflects the
content as originally published by MMS. MMS does not approve adaptations or
modifications.

3. MMS's copyrighted content may not be used in any manner that implies endorsement,
sponsorship, or promotion of any entity, product or service by the MMS or its publications.
MMS cannot and does not authorize the use of any author's name on promotional materials;
such approval must be obtained directly from the author.

4. This permission is granted for English language rights only unless your license
specifically grants translation rights. If translation rights are granted, the content must be
reproduced word for word with the integrity and original meaning of the content preserved.

5. If your license specifically grants "expanded rights," permission is granted to reproduce
the aforementioned content in a primary work and related materials created to supplement or
add value to it, such as: ancillaries, instructor guides, testing materials, and student resource
materials.

6. MMS reserves all rights not specifically granted in the combination of (i) the license
details provided by you and accepted in the course of this licensing transaction, (ii) these
terms and conditions and (iii) CCC's Billing and Payment terms and conditions.

Acknowledgement

7. This permission requires suitable acknowledgement of the source, either as a footnote, in
a reference list, or adjacent to where the MMS content appears. The credit line should read
as follows: 
"From [Publication Title, Author(s), Title of Article, Volume No., Page No. Copyright ©
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(notice year) Massachusetts Medical Society. Reprinted with permission from Massachusetts
Medical Society."

General Terms

8. Warranties. MMS makes no representations or warranties with respect to the licensed
content.

9. Indemnity. You hereby indemnify and agree to hold harmless the MMS and CCC, and
their respective officers, directors, employees, members and agents, from and against any
and all claims arising out of your use of the licensed content other than as specifically
authorized by this license.

10. No Transfer of License. This license is personal to you and may not be sublicensed,
assigned, or transferred by you to any other person or entity without permission from MMS.

11. No Amendment Except in Writing. This license may not be amended except in a writing
signed by both parties.

12. Objection to Contrary Terms. MMS hereby objects to any terms contained in any
purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions. These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction. In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions
shall control.

13. License Contingent on Payment. While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for the
transaction, provided that you have disclosed complete and accurate details of your proposed
use, no license is finally effective unless and until full payment is received from you (either
by MMS or by CCC) as provided in CCC's Billing and Payment terms and conditions. If full
payment is not received on a timely basis, then any license preliminarily granted shall be
deemed automatically revoked and shall be void as if never granted. Further, in the event
that you breach any of these terms and conditions or any of CCC's Billing and Payment
terms and conditions, the license is automatically revoked and shall be void as if never
granted. Use of content as described in a revoked license, as well as any use of the content
beyond the scope of an unrevoked license, may constitute copyright infringement and MMS
reserves the right to take any and all action to protect its copyright in the content.

14. This license transaction shall be governed by and construed in accordance with the laws
of the Commonwealth of Massachusetts. You hereby agree to submit to the jurisdiction of
the federal and state courts located in Boston, MA for purposes of resolving any dispute that
may arise in connection with this licensing transaction.

Restrictions

15. This permission applies only to content of the MMS, and not to copyrighted content
from any other source. If content appears in our work with credit to another source, you
must also obtain permission from that source.

16. This permission does not apply to and is not valid for photographs depicting identifiable
individuals.
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between you and publisher (and CCC) concerning this licensing transaction. In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions
shall control.

13. License Contingent on Payment. While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for the
transaction, provided that you have disclosed complete and accurate details of your proposed
use, no license is finally effective unless and until full payment is received from you (either
by MMS or by CCC) as provided in CCC's Billing and Payment terms and conditions. If full
payment is not received on a timely basis, then any license preliminarily granted shall be
deemed automatically revoked and shall be void as if never granted. Further, in the event
that you breach any of these terms and conditions or any of CCC's Billing and Payment
terms and conditions, the license is automatically revoked and shall be void as if never
granted. Use of content as described in a revoked license, as well as any use of the content
beyond the scope of an unrevoked license, may constitute copyright infringement and MMS
reserves the right to take any and all action to protect its copyright in the content.

14. This license transaction shall be governed by and construed in accordance with the laws
of the Commonwealth of Massachusetts. You hereby agree to submit to the jurisdiction of
the federal and state courts located in Boston, MA for purposes of resolving any dispute that
may arise in connection with this licensing transaction.

Restrictions

15. This permission applies only to content of the MMS, and not to copyrighted content
from any other source. If content appears in our work with credit to another source, you
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must also obtain permission from that source.

16. This permission does not apply to and is not valid for photographs depicting identifiable
individuals.

Other Terms and Conditions:

5_16_12_v1.0

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.
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Evolving Patterns in Asthma Management
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