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Abstract

Asthma treatments have evolved from bronchodilamisterventions directed towards the
regulation of airway inflammation. From these adeshas come greater disease control and
reduced morbidity. The addition of biologics diexttoward specific pathways of inflammation
have advanced the efficacy of asthma control. \tfieise treatment advances, a renewed interest
in achieving a remission in asthma has arisen.oilifn asthma remission has been considered to
reflect a “cure,” new evaluations of this conceptd proposed criteria for remission while on
treatment. These criteria reflect a high leveliskdse control including absence of symptoms,
optimization and stabilization of lung function,daabsence of the use of systemic
corticosteroids and have been proposed to indecatenission of disease activity. Given the
added efficacy found with biologics in asthma tneat for patients with moderate-to-severe
disease, the question has arisen as to whethas#hef biologics meets criteria for remission

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

in reducing exacerbations, diminishing symptomsiamgtoving lung function in well-defined
asthma populations. At present, however, biologatseve some, but in most cases not all
criteria for a remission on treatment. However,dbecept of promoting treatment efforts to
achieve disease remission in asthma is importaténpially achievable, and merits

consideration for future guideline-directed carprapches.
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List of Abbreviations — obtained from remission pagr — to be revised

ACQ Asthma Control Questionnaire

ACT Asthma Control Test

COPD Chronic Obstructive Pulmonary Disease
FeNO Fractional exhaled nitric oxide

FEV, Forced expiratory volume in 1 second
FvC Forced vital capacity

IL Interleukin

PROSPERO Prospective Observational Study to ExaRiadictors of Clinical Effectiveness

in Response to Omalizumab
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Introduction

Over the last 80 years, there have been signtfadwances in asthma therapy resulting
from interactions between clinical care, broad-sp@e science efforts and the pharmaceutical
industry(Figure 1)." Attention in the mid-1970s was directed towardergéhg symptoms and
airflow obstruction with a therapeutic focus placedR-adrenergic agonistsn the 1980s,
airway inflammation was recognized as a critical aausative feature of asthma and that certain
medications could block allergic reactions leadimgevelopment of inhaled corticosteroid
(ICS) therapy. In the 1990s, ICS therapy emerged as the cormarstbasthma management
with bronchodilators serving as reliever therapgapplementary theragyA major limitation of
ICS therapy has been its failure to alter the @éthistory of asthma, including asthma
progressiorf. The early 2000’s witnessed the introduction ohast biologic therapies, initially
with ant-IgE (omalizumab), followed 10 years ldbgrthe approval of anti-eosinophilic therapies
(mepolizumab, benralizumab, reslizumab) and marentty anti-interleukin (IL)-4/-13 directed
treatment (dupilumab) The latter agents have noteworthy properties ofegsing asthma
exacerbations and oral corticosteroid exposurdoBics in development against epithelial
derived cytokines hold great promise to fundaméntdter the airways inflammation that is
driving asthma. It remains to be seen whether iotocan alter the course of asthma by
inducing remission, preventing disease progressigrerhaps even blocking the onset of
asthma. In managing populations of asthma patiémtexample, in a medical system, principles
of individualized therapy based on biomarkers, ges@nd patient characteristics will be

incorporated in selecting asthma medicatibns.



100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

Menzies-Gow-6

This review will consider current concepts of aséihmamission, evaluate experience
suggesting that biologic therapies may have theriat to induce remission, review the steps
necessary to determine how we could evaluate acaigali’s capability of inducing remission

and how we might apply this methodology to curiimical management.

What does remission mean in asthma?

The established paradigm of asthma managementt@immprove asthma control with
any definition of asthma remission being of theiogtinterest at bestimproved understanding
of the pathophysiology of asthma, in combinatiothviihe development of targeted biologic
therapies with improved control of disease, howewrendates the development of an asthma
remission definition, as it may now, or soon, beaaehievable treatment target and become a

component of guideline-directed care.

When formulating a definition of asthma remissiibms logical to review the literature to
understand how remission is defined in other clrrarflammatory conditions. A structured
literature search identified six diseases withlgisthed definitions of remissichincluding
rheumatoid arthritis and inflammatory bowel dised&ben reviewing these definitions, it
becomes clear that remission can be subdividectiimtizal and inflammatory components and
that all definitions allow for the continuation af least some background therapy. For instance,
the ACR/EULAR 2011 provisional definition of rheuto arthritis remissiohcontains a core
set of clinical and biomarker parameters that asélygmeasurable in trials and routine clinical

practice, which predict a good outcome, but aresgy duration and medication independent.
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We have to be careful when designing, and applyrdgfinition of asthma remission. If, for
example, we set the bar too high, e.g. no symptamg)flammation on no therapy for a
prolonged period of time, we are approaching cwtech, at the moment, is not achievable.
Moving from asthma control to asthma remission sthbe viewed as an important step on the

journey towards asthma cure rather than as thedestination.

To see whether remission is an achievable goalaitso of benefit to ascertain whether
asthma remission can occur spontaneously. A regfaive published literatuféas
demonstrated that spontaneous remission can attwtf earl§ and late onséfisthma. The
incidence of spontaneous remission varies betweearid 33.3% across studies based on the
definition applied® Clinical remission definitions focus on patienpoeted symptoms and
medication burden, whereas complete remission itiefis include additional requirements
including normalization of lung function, airwayglammation and absence of bronchial

hyperreactivity.

Given the evidence confirming that an asthma raomss possible as part of the natural
history of the condition and the development otdie remission definitions for other chronic
inflammatory conditions in which biologic agentg @vailable, it is timely to develop and iterate
a remission definition for asthma. One key issueafoasthma remission definition to take into
account is the variability of the disease over tiduey remission definition needs to be durable
and there remains significant debate regarding loog patients need to meet the definition

before they are ‘in remission.” Asthma remissios tabe more than prolonged phase of control
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and, at the same time, needs to be testable icallimials, clinically relevant and measurable in

routine clinical practice.

In an attempt to produce an initial remission débn to promote wider discussion and
iteration, a modified Delphi survey approach wasdu® gain expert consensus on the core
components of an asthma remission definifiétiter reviewing remission definitions for other
chronic inflammatory conditions and the evidencedobon a spontaneous asthma remission, the
consensus view was that symptoms, exacerbatiotenasontrol, airways physiology and
inflammation were all important components of tihegosed definition. A generalized
framework for definitions of clinical and completmission, on and off treatment, was
developed, producing four subtypes of asthma reamsanging from clinical remission on
treatment to complete remission off treatm@igure 2). Complete remission is the goal for all
patients, but may not always be achievable or ntab&) in which case the focus should switch
to clinical remission. Similarly, whilst remissiaff all treatment is the ultimate goal, this may
well not be achievable with currently and soonécalailable therapies, in which case remission

on treatment remains a valuable treatment targétalhbe the focus of our discussion.

Does the use of biologics lead to a remission intlama?

The use of biologics for severe asthma has providecpeutic efficacy to achieve
disease control when standard guideline-direcestrments are not effective. Five monoclonal
antibodieqTable 1) are currently approved for use in severe asthrddaget components of

Type (T)2 pathways of inflammation, including IL-%, and -13, which are present in
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approximately 70% of asthma patiefitSGiven the added efficacy achieved when biologies a
added to previous treatment that did not produseadie control, do the associated improvements
in disease control reflect an asthma remission?fdll@ving discussion will consider whether

biologic treatment in severe asthma meets notéerierifor an asthma remissi@Rigure 2).

Our discussion will focus on outcome features #higin with “Clinical Remission on
Treatment:” (1) sustained absence of significatitraa symptoms based upon a validated
instrument, (2) optimization and stabilization ohg function, and (3) no use of systemic

corticosteroid therapy for exacerbation treatmenong-term disease control.

Omalizumab was approved for severe allergic asthma in 2003hais a longstanding
record of safety and efficacy with a primary effigautcome of a prevention of exacerbatiths.
What has been learned about omalizumab’s effecteaiores of remission? PROSPERO
(Prospective Observational Study to Evaluate Ptediof Clinical Effectiveness in Response to
Omalizumab)* was designed to evaluate the efficacy of omalizumabreal-world, open-label
design. A number of findings from PROSPERO prowdgght into omalizumab’s effect on
criteria for an asthma remission. 622 patients whoe enrolled in PROSPERO by their
physicians based upon an appropriate need for -stext’ treatment. Measures of disease
control monitored during omalizumab treatment ideld exacerbations, health care utilization,
and asthma control by the Asthma Control Test (AQhg investigators pre-specified responder
criteria, which included changes from uncontrolieadontrolled as measured by an ACT score
>20 at study completion. They also measured thetsftgf omalizumab on exacerbations, but at

a pre-specified 50% reduction from baseline, naalasence as defined for a remission. At
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baseline in PROSPERO, 83.8% of the enrolled subjead uncontrolled asthma (ACT <19).
About 50% of the uncontrolled subjects achievetiraatcontrol while on omalizumab, e.g. ACT
> 20. Symptom control (i.e. ACT) responders had éidraseline blood eosinophil levet800
cells/uL. Exacerbation rates were also reducedngliaumab treatment, falling from a mean
baseline value of 3.00 £ 3.34 events in the preyvyiizimonths to 0.78 £ 1.37 exacerbations (p
<0.001) on omalizumab. Moreover, 62.7% of subjegfgerienced no exacerbations with
omalizumab during PROSPERO. The investigators @saucted responder analyses, which
they defined as meeting one or more pre-definguoreger criteria. 77.8% were considered
responders by a 50% or more reduction in exacemadind 64.7% were responders by
improved ACT, which was a minimally important di#éace in ACT of 3 or greater. When
considering a responder by two criteria, ACT andoexbation, 54.1% were responders. Thus, a
portion of the PROSPERO subjects met two critefi@mission: absence of exacerbations and
improved symptoms. Lung functions did not improwhether the degree to which omalizumab
achieved features of an asthma remission relatiés tt@atment target, e.g. IgE vs cytokines, is

not established.

Anti-cytokine biologics

IL-4, -5, and -13 are the central mediators foriffammation'? Monoclonal antibodies
directed against IL-5 and IL-4/IL-13 are approvedtfeatment of severe asthifiable 1).
Collectively, but to varying degrees, T2 antagagevent asthma exacerbations, improve
airflow obstruction, and reduce symptoms, all tafgatures incorporated into the definition for

remission. Furthermore, as will be reviewed, loagrt observation periods with some
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214 monoclonals provide enriched insight into achievenod remission over an extended
215 timeframe.
216

217  Anti-IL-5 treatment

218 Mepolizumab was the first monoclonal antibody dieélcagainst IL-5 to demonstrate
219 efficacy in large-scale, placebo-controlled, randmm trial$® and was approved for clinical
220 treatment of severe, eosinophilic asthma in 2016N®A™ compared two doses and routes of
221  administration of mepolizumab (75 mg every 4 weaaksvenous and 100 mg every 4 weeks
222 subcutaneous vs placebo) in a 32-week trial wiphimary outcome of the annualized frequency
223 of exacerbations. Secondary outcomes included @sang-EV\ and patient-related outcomes:
224  Asthma Control Questionnaire (ACQ)-5 and St. Gedrgspiratory Questionnaire (SGRQ).
225 Both mepolizumab doses significantly reduced tbgudency of asthma exacerbations, 75 mg
226  intravenous by 47% (p <0.001) and 100 mg subcutanby 53% (p <0.001). In addition, both
227  mepolizumab doses improved baseline and post-boaieltor FEV, values (100 ml over

228 placebo with intravenous mepolizumab (p=0.02) add®over placebo with subcutaneous
229  mepolizumab (n=0.03). These improvements did reibre normal lung function. Although
230 ACQ-5 values improved, the degree of change diceroged the mean clinical significant

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

232 patients who met criteria for an asthma remissidre impact of biologic interactions on

233 remission cannot be made with group mean dataalthutr responder analyses.

234

235 COLUMBA™ was an open-label extension of subjects who hagived mepolizumab in

236 the DREAM study'? The mepolizumab dose for COLUMBA was 100 mg sudoeous every 4
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237  weeks. The COLUMBA trial design had inherent comjties. Prior to subject enroliment in

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

239  treatment with mepolizumab following DREAM. Oncee@lied, the mean duration of

240 mepolizumab treatment in COLUMBA was 3.5 years.

241

242 COLUMBA enrolled 347 patients, mean age of 52.2yeaith 65% being females. The
243  annualized rate of exacerbations during treatmre@OLUMBA was 0.68 events/year; this

244  represents a 61% reduction in exacerbations framekperienced during the off-treatment

245  period following completion of DREAM and eventual enroliment in COLUMB{&igure 3).

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

247 asthma, <33 years and late onset asth@3ayears. Furthermore, 33% did not experience an
248  exacerbation while on mepolizumab over the 3.5 gearage duration of COLUMBA. In

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

250 long-term reductions in exacerbation risks. By w2eR, the initial improvements in FEWere
251  lost. Symptom control was also improved and susthin COLUMAB with a mean reduction in
252  ACQ-5 by 0.47 points. Approximately 50% of the sdig had a mean improvement (decrease in
253  score) of 0.5 or more. There are no data on theepé&ge of subjects who had both a sustained
254  prevention of exacerbations and improved symptontrob However, from the data available,
255  mepolizumab’s sustained effects, in relation toedhg a remission, were gained primarily by a
256  prevention of exacerbation in 33% of subjects.

257

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

259  FEV; values in the pivotal clinical triaf§: *” The targeted peripheral blood eosinophil values fo
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associated efficacy 300 cells/uL. A subsequent analysis by Fitzgeralil @lleagues of these
two major trial$® *"to identify the clinical characteristics to predioproved outcomes found,

in an unbiased analysis, that previous rates afezkations, baseline eosinophil counts and
baseline lung functions, were criteria which mastsistently predicted reductions in
exacerbations by benralizum&hn addition, baseline lung functions, particulaifly
accompanied by reversibility and elevated eosidaghints, predicted an eventual improvement
in FEV;1. These analyses provide historical and biomarkéres to predict beneficial outcomes
and, possibly, identify asthma patients most likelyeach criteria of a remission, or partial

remission.

To more fully assess sustained effects of bennalgduand effects on criteria of a
remission, BORA? which was a double-blind, randomized, parallelugrphase 3 extension
trial with subjects who had completed either the@CCO® or CALIMA trial. Patients on
active benralizumab in SIROCCO (48 weeks) and CAAI(B6 weeks) continued benralizumab
for an additional 56 weeks in BORA to provide a {ye@ar assessment of treatment. Subjects
who received placebo in the initial trials wereegivbenralizumab, either 30 mg q 4 weeks or g 8
weeks, for 56 weeks. The final analysis included@lpatients. Of the 1046 subjects with blood
eosinophil countg300 cell/pL, 753 (72%) did not experience an exaatgon in BORA. In
contrast, for subjects with eosinophils <300 cplls/benralizumab had no effect on
exacerbation rates. Subjects who had received lmnmreab during SIROCCO or CALIMA
continued to maintain improved FEValues, but not consistently when baseline eosit®p
were <300 cells/pi(Figure 4). Thus, data on “long-term” effects with benralialrsuggest that

significant populations of patients with eosinoptolints>300 cells/pL meet features of
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remission: prevention of exacerbation, stabilizegroved lung function and symptom control,

ACQ-6 <1.5.

Anti-IL-4/IL-13

Dupilumab binds to IL-4R to block the IL-4/IL-13 thavay, which contributes to many
aspects of airway inflammation and altered lung:fiom? Clinical trials with dupilumab have
found a nearly 50% reduction in exacerbations, awed lung function, and lessening of
symptoms? In the Liberty Asthma Quest clinical trial, Castal reported on 1,902 evaluated
subjects who were 12 years of age or older andvett&2 weeks of treatmefftThe active
treatment arms included dupilumab, 200 mg or 30@wsgy two weeks, versus respective
placebd® Both treatment dosing regimens significantly resilisevere asthma exacerbations:
47.7% with 200 mg dupilumab and 46.0% with 300 mgildimab, overall and irrespective of
peripheral blood eosinophil counts. The greatestqmtion of exacerbations to both doses of
dupilumab was seen with peripheral eosinophits38f0 cells/uL. Subjects with eosinophils
<150 cells/uL had a similar frequency of exacedyadito placebo. The clinical trial data do not
indicate the frequency of subjects who experiemaedxacerbations with dupilumab and would,
therefore, be considered a remission respondertarget group for greatest efficacy was in

subjects with FeN@25 ppb and eosinophitsl 50 cells/puL(Figure 5).

Lung function improvement was a secondary outcan@UEST. FEVY improvements
were apparent following 2 weeks of treatment andimal at the 12-week treatment interval and

then sustained. Statistical improvements in Fi&*re noted when blood eosinophils wet&0
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306 cells/uL but maximal with eosinophits800 cells/pL. Post-bronchodilator FEValues at

307 study’'s completion showed a 40 ml loss of volum#hplacebo-treated groups over the year-
308 long study, but there was no loss of REMth dupilumab. Whether this protective effectlong
309 function indicates that dupilumab prevents the msgive loss of lung function seen in asthma
310 and represents a “remission” in disease progressiat established. It will be helpful to do
311  sub-analyses on dupilumab-treated subjects tordeterthe frequency of patients who reach
312  criteria for remission and what are their phenatyghiaracteristics.

313

314  Effect of reductions of systemic corticosteroids wh biologic treatment on asthma control
315

316 The need for systemic corticosteroid treatmemb&intain disease control identifies

317 asthma patients with the most severe disease aatkgt recalcitrance to current treatment
318 approaches. In considering whether biologics mayridmite to asthma remissions, an argument
319 can be made that a reduction, or elimination, steyic corticosteroids leads to a remission of a
320 component of severe asthma. Evaluations of thetsftd# biologics in these patients are, we
321 believe, important to consider in our discussiomamissions.

322

323 Rabe et & reported on glucocorticoid sparing effects wittpitlumab with 210 patients
324  enrolled and randomized to either dupilumab, 300gri@gveeks or placebo. Following a

325 systemic corticosteroid adjustment to establiskelb@s prednisone requirements, a downward
326  corticosteroid adjustment was made from week 4dekn20, with the primary endpoint being
327 the percentage reduction in the systemic glucamididose. Key outcomes with dupilumab vs

328 placebo were: glucocorticoid reduction, 70.1 + 4\2841.9 + 4.6% (p <0.001); no longer
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requiring systemic corticosteroids, 48% vs 25% (@G92). With dupilumab, the exacerbation
rate was 59% less than in the placebo arm.,REMues improved by 0.22L greater than placebo.
Although corticosteroid reductions are not parthaf definition for remission, these
corticosteroid-sparing traits suggest that biolsgiay create a “remission” of a component of
disease associated with the need for systemicostéroids. Reducing or eliminating systemic
corticosteroids is a disease re-adjustment andreqagsent a form of remission, at least

reflecting disease severity.

What are the next steps in designing and assessitingrapies to induce remission?

We can conclude, as a group, current biologice#ieacious in achieving improved
disease control in patients with severe diseade ahiaracteristics of T2 inflammation but do not
meet criteria for remission in all treated subjeotsall the criteria for remission. The critera f
remissions most frequently achieved were a reduati@xacerbations. What is needed next is
an analysis on the frequency of patients treateaMaylable biologic treatments meet and criteria
for a remission and what are the patient charasttesi With the goal to identify treatments that
could potentially induce remission and the propsrof the asthma biologics identified in the
previous discussion, the next step will be to bettaracterize available asthma biologics and

define areas of remission that are met or not nitkt tvese therapies.

There is an element of disease progression in as#tsnndicated by loss of pulmonary
function over time, and a factor to consider ireaseng features of remission. This may be more

predominant in children than adults and was tygifrethe long-term follow-up on the National
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Heart, Lung and Blood Institute Childhood Asthmaridgement Prograff.In this group of

over 1,000 patients and followed for 15 years,dhveere four patterns in lung function that
emerged; (1) those that followed a normal lung fiamctrajectory, based on pre-bronchodilator
FEV1%, through childhood and early adult age; (2) thbs¢ had a normal trajectory during
childhood but declined in early adulthood; (3) thdsat followed a low lung trajectory through
the study period; and (4) those that had a low lwajgctory in childhood and declined even
further in early adult agd={gure 6). Approximately 11% of this population met physigic

criteria for advanced COPD as young adults. A priopo of these patients were receiving either
inhaled corticosteroid or cromolyn therapy for oBerears at the start of follow-up. These
patterns of lung function loss occurred despitettba@tment arm. The question is whether these

patterns in either adults or children could be pregd or resolved.

In order to evaluate whether a biologic for asthmght alter these patterns of lung
function change in a clinical study, or individyalit is important to characterize the patient with
lung function measures over time to define a “nenhder,” “slow decliner” or “rapid decliner.”

In regards to slow and rapid decliners in pulmorfangtion, it is not clear whether unresolved
asthma exacerbations contribute to a decline impoéry function or whether the progressive
loss in pulmonary function over time contributedte risk for an asthma exacerbation.
Therefore, long-term follow-up of pulmonary functiand the frequency of exacerbations before
and after intervention with an asthma biologionportant for clinical studies and for
individualized care, to define the specific effettn intervention and consider these effects in

relation to remissions. Other measures of documerlie effect for potential disease remission
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include following asthma composite scores, sucA@S for impairment or CASI/ASSESS for

overall asthma burderi:2®

Besides the clinical trials of asthma biologicgrthare other studies in progress to
evaluate the potential of medications to altemtawiral history of asthma including the PARK
study and ORBEX. The PARK study will test whethati-IgE administered in early child may

alter the natural history of asthma (https://paréigtorg/

https://vector.childrenshospital.org/2016/08/astimevention-xolair/

And the clinical trials.gov listing Clinical trialgov NCT02570984). Similarly, the ORBEX
study will test whether inducing immunologic respenwith a killed bacterial lysate could play a
role in preventing asthma exacerbations and redunftammation

(clinicaltrial.gov registration: https://clinicai#ds.gov/ct2/show/NCT02148796)

Summary

Therefore, the future directions in asthma treatne gain disease control, especially
with asthma biologics, should determine whethey thféer a unique feature beyond
conventional therapy, including the establishmérat disease remission. It would be ideal if
current or future medications could alter asthnegpgssion and, perhaps, have the potential for
early intervention to halt the onset of asthmattwg reflect disease remission. Asthma
guidelines in the future should emphasize clingsgessment of the natural history of a patient’s
disease and include a definition of remission @atment plans. It will be important to evaluate

and characterize patients over time in regardsseade activity and potential for expression of
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features of remission. Having criteria to assessggion will be a next important step forward
towards a goal of greater asthma control and lengrsafety as less effective medications, often
with significant side effects, are replaced. Thppraach is reflective of treatment of
hypertension where the goal is a reduction, or $sion, in the sequela of the disease. A shift to
include asthma remission in treatment planning mgjliresent a new phase of achieving disease
control and should become an aspect of treatmenbme evaluations that represent greater

degrees of asthma control.
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Agent J Exacerbations 4 Lung function 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, chromttopathic urticaria; CRSwNP, chronic
rhinosinusitis with nasal polyps; EGPA, eosinoghgranulomatosis with polyangiitis; FeNO,
fractional exhaled nitric oxide, IL, interleukin;@3, oral corticosteroid.
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Legends for figures

Figure 1. Summary of changes in asthma management thatateettpe focus of disease activity
and the corresponding medications developed toeaddhis therapeutic target. LABA, long-
acting -agonist (reprinted with permission from f&zeSJ, J Allergy Clin Immunol

2018;142:773-80).

Figure 2. Generalized framework for remission in asthmate@a for clinical and complete
remission, on and off treatment, were identifieccbpsensus among clinical experts. FeNO,
Fractional exhaled nitric oxide. *Blood eosinoptoiunts and FeNO are less relevant for T2-low

asthma. From Menzies-Gow et al. J Allergy Clin Inmol2020;145:757-65.

Figure 3. Summary of efficacy end points. A, Exacerbatide gger year across DREAM and
COLUMBA. A total of 286 patients with 156 weeksrapre of open-label data in COLUMBA
are summarized (DREAM: placebo, n = 62; mepolizumab 224). B, ACQ-5 score change
from baseline. C, Prebronchodilator FEshange from baseline. D, Blood eosinophil georoetri
mean ratio to baseline. Pretreatment refers td2h@onths before enroliment in DREAM.
ACQ-5 responders were defined as patients witldaateon in ACQ-5 score of 0.5 points or
more from baseline. Vertical bars show 95% Cls.iMimm clinically important difference:
ACQ-5, 0.5 points; FEV1, 100 mL. From Khatri etlahllergy Clin Immunol 2019;143:1742-

511°
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Figure 4. Change from baseline in pre-bronchodilator FBY baseline blood eosinophil counts
(full analysis set). Group names are what patiessived in the preceding SIROCCO or

CALIMA trials/what they received in this trial. Q4¥évery 4 weeks. Q8W=every 8 weeks (first
three doses Q4W). *Data at this time point are fexhalt patients only. From Busse et al Lancet

Respir Med 2019;7:46-49.

Figure 5. Forest plots of the risk of severe asthma exatersin the intention-to-treat
population and in subgroups defined according selix@e blood eosinophil count and baseline
FeNO. FeNO denotes fraction of exhaled nitric oxatel ppb parts per billion. From Castro et

al. N Engl J Med 2018;378:2486-85.

Figure 6. Possible lung-function trajectories during thstfthree decades of life are shown; the
lung function plotted for each age is the percemtaigghe maximum forced expiratory volume in
1 second (FEY) in a person without lung disease; the maximume/& usually attained at the
age of 18 to 30 years. A normal pattern of lungefion growth and decline is characterized by a
steep increase during adolescence, a plateaulynagrithood, and a gradual decline into old
age. Abnormal trajectories include reduced growtitmal growth and an early decline, and
reduced growth and an early decline. The red btagdkdicate FEY criteria according to Global
Initiative for Chronic Obstructive Lung Disease (30Q) stage 2 (FEY>50% and <80%) and
stage 3 (FEY>30% and <50%) of chronic obstructive pulmonary asse(COPD), when
accompanied by a ratio of FEYb forced vital capacity that is less than 0.70e Tigure is
adapted from Speizer and Tager. From McGeachietdl B Engl J Med 2016;374:1842-
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from any other source. If content appears in our work with credit to another source, you



must als

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

Other Terms and Conditions:
516 12 v1.0

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


mailto:customercare@copyright.com

Evolving Patterns in Asthma Management

== =

1960s 1970s 1980s 1990s 2000s 2010s 20205

-

)
c
O
)
©
=
©
)]
=

-
.




SyluoW z |2 Joj Juswiesal)
BUIY]SE JNOY)IM paulejulew BLs)Lo swes

jJuawieal] 4o uoissiway aje|dwon

ssauaAisuodsalladAy
[elyouolq aAiebau juaung :sbumjes yoseasal ajeldosdde u| .

pue ‘(sainseaw JueAs|al

Jayjo Jo/pue ‘ON34 ‘sjunod |iydouisos wninds 1o poo|q

paonpal ‘6a) uoiewwejjul pajejai-ewyiSe pajuswnoop
Ajsnoinaid Jo uonnjosal ay} JO 8oUapIAS BAI33IqO ‘JusIINy .

:6uimo|joj ay3 sn|d uoissiwal [ealul|)

juswijeal] uo uoissiway aja|dwo)

SYJuoW g | < Joj Juswiesal)
BLUYISE JNOY)IM pauIRUIBW BLIS)IIO SWeS

|0J3U0D 8seasIp Wwus)-buo| J0 jJuswieal)
uoneqlasexs 10} Adeiay) pio1a}SOIL0D DILUBISAS JO 8SN ON .

pue ‘uoissiwal asessIp Buipiebal Juswaalibe 4OH pue jushed

pue ‘uoiouny Bunj Jo uoneziige;s pue uoneziwndo

pue ‘quawnJisul pajepljea
uo paseq swoldwAs ewyjse ueoliubis Jo souasqe pauleisng

:syjuow zz 104

Jjuawieal] }JO UOISSIWaY [ediul|d

jusuwijeal] Uuo UOoISSIWIY |edilul|d




SO9M SYOOM

(Fr=t)  (191=0) (p0z=w) (zsz=w) (08T=) (z8T=w) (987=W) (88z=u) (€re=w) (9ze=w) (LEE=w) (Le=w)  (1L1=w) (01z=w) (18z=w) (z6z=w) (10g=w) (zIe=w) (sTe=w) (pee=v) (ope=u) (Lpe=1)
8¢CC 00T 9L1 8Pl vl 96 L 8y ¥C 4! 0 i 8TC 00T 9L1 8yl Tl 96 i Eid 4 cl 0
L 1 1 1 1 1 1 1 1 1 WNQO O L 1 1 1 1 1 1 1 1 1 Omﬁl
- s A
=
=z L001- ¢ 5
o =B
E o
S0 & . 2%
) - 0§ =R
S m. ./a | g g
o B = 0 Tl 8
0w 82 = o
FSC0 2 = S
el =t Los 2 o
= =
S m M =
. = -00I < =
- e =
03 =3
= LosT B &
o — e
-~ B
1 - 00¢
SOOM
9STH01< Y01-CS< 50 VEINNTOD pue (250 SYP9M)
Le=u) (1L1=0) (11z=w) (987=w) (g6z=w) (10¢=u) (11g=w) (Yre=u) (Sge=u) (Iye=w) (9pe=u SHPM SH/M SYO9M AVAIJ Ueam1dq INVAYQ SuLmp
(Le=w ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
8TT 00T 9L1 Bl $Cl 96 w 8y T 4! 0 VENNTOD Sutmp jusunean-uQ JuuEAN-IJO JUAURAN-U() Luounean-a1J
) O 1 1 1 1 1 1 1 1 1 1 1 = i
g = 1 0
g : &) ;
S : 5 8 - - - A
=. g " e8]
g - 8@ WO o 120 Lo &
o . B2 L0'T &
= 9 > 5 .
Q v 0 L9l _ B
P b0- &g 0T g
% ¢0- &8 m
S 10 5 ¢ g
w.. i 0 ewnzijodo . -
o . q I N | . L G M
2§61 10 0qooeld m 6v'¢
/m/w 09 - s1opuodsal G-ODV JO UonI0dol] g 70 Juounean oN m L

21008 G-V Ul QUI[ASEq WOIJ AFUBYD) e

m
<



69 08 06 68 €6 ST 691 8/tT 181 88T Mgd/ogadeld
6v1 Z91 991 0/1 €1 16¢ (043 (1743 €€ 6€€ M8D/M8D
74 €8 S8 68 €6 wt 0ST €91 991 LT MPO/ogade|d
Vias 0ST 6ST 091 I/t /62 80€ (1743 6€€ LVE MPDIMPD
YoM YoM Ysu Je saquinN
95 214 43 91 0 95 214 (43 91 0
| 1 1 1 | 1 1 1 S0-0-
0 ° m
? 5
-+
—S00 m.,m
3
010 8 m.
2 T8
- Mgd/oqedeld — —~ 3
r M8D/IMED — [FST0 = 35
MiD/ogadeld —
MPO/MPD —
= ~02:0

7l sad s)j2> 00£> sjunod jiydouiso3

I 13d sj23 00 €2 s3unod iydouisol



Jon9g ianeg

oqade|d qewnjidng
-4 ot
76T 15050 SZO 10
L | | 1 1 ]
(0T'1-£50) 6470 —{ (1€ 24! qdd gz>
(69°0-82°0) ¥¥°0 —o— 981 L6 qdd gg> 01 Gz=
(6v°0—61°0) T€0 —— 4 (92 qdd gg=
Ozmu_
(LL1-6L70) ST'T —o— 181 €3 cww/s|92 0 T>
(68°0-5£°0) 950 —— G/1 S6 cwiwi/s||22 00g> 03 0§T=
(s'0-€z°0) ££°0 —— LLT i ¢ /5|32 00£=
junod __LQO:_mOm_
(89°0—¢+°0) ¥5°0 -8 ££9 1€ [IZEWYe)
qewnpdng ogade|d
(1D 9456) 0gade|d "sA ) SIY aAne|RY sjuaned jo "ON dnoi8qns
0qode|d paydiely ‘sA Y M Z K19a3 3w oo ‘qewnpdng g
FEMNET: | Janeg
ogade|d qewnpidng
-4 -
ZST 15050 20 70
L | | | 1 ]
(S0'T-¥5°0) §£°0 —0— 443 6vT qdd gz>
(z9'0-+¥Z°0) 6£0 —— 081 16 qdd 5> 01 6z=
(zs'0-81°0) €0 —— 611 L qdd gg=
Ozmu_
(tv'1-85°0) €60 —— €61 8 g /s|[20 0GT>
(zo'T-1%'0) ¥9°0 —@— €L1 8 gwiwi/s||3> 00g> 03 0GT=
(8v'0—¥Z°0) ¥€0 —0— 97 S¥1 cWw/s||20 00g=
junoo :LQOC_mOm_
(99°0-1#°0) 50 @ 1€9 L1€ [le42AQ
ng::Q:O 0gade|d
(1D %56) ©ogade|d sA sy dAnERY sjuaned Jo 'oN dnoi3qns

0qade|d paydteiN “sA YIM T K193 Bw g0z ‘qewnpidng




o_m 0¢ 0T 0
] |
0 T
m
— IA
P \M/m
—GC o
¢ ade1s [~ S
a109 oulpap 2
‘AdO3 Aliea pue 7 =
~ Ymou3 pasnpay __ / -0s =
z 93e1s ~o =
~
d10D | ymoud pasnpay - _ Il W
‘dd0d . - -S. £
- =
Quliap Aldeg~ _ S
=
®
YIM0J3 [BLIION Lo

aseyd neaje|d




