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Introduction

Asthma control changes over time and many factongribute to this variability.
Environmental exposures such as seasonal allehggndtions, second-hand tobacco exposure,
and viral upper respiratory tract infections (Rai just a few of the known triggers of labilfty
In addition, host factors such as inhaler technipug co-morbid conditions including atopic
diseases, obesity, and acid reflux can also can#ito this changeability. During times of
lability, overzealous intervention can lead to axger of oral corticosteroids (OCS) and
healthcare visits, while delayed treatment can teagvere exacerbation, with potential
hospitalization, or even death.

To help recognize and respond to changes in doguimelines recommend that
clinicians provide patients with a written asthnei@an plan®. Typically, such plans follow a
"traffic light” model and provide written directigiregarding treatment recommendations when
asthma is stable (green zone), when asthma detioiolis detected and requires intervention in
an attempt to prevent further escalation (yellowezprZ]), and when an exacerbation is
occurring, requiring systemic corticosteroids andi@ent medical care (red zone [RZ]). Of
particular importance is the early recognition wheaching the YZ, as early identification and

aggressive intervention may reduce the chancasibielr deterioration into the RZ.

Identifying the Yellow Zone

Making recommendations regarding YZ therapy remdifiult, as there is no single
reliable predictor for asthma exacerbation. Diagmgppatients within the YZ requires a
combination of clinical markers of asthma seveaitygl control. An increase in asthma symptoms

(>2 times per day) greater than baseline, increaseairescue medications, increase in
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nocturnal symptoms, and a decrease in peak expjrtbov (PEF) are all possible signs of
impending exacerbatidfi. Likely, no one marker is adequate, but perhajreyss combination
of the above measures may aid in the timely andogpiate identification of an impending

exacerbation.

Time Frame of an Asthma Exacer bation

Upon loss of control, the timing of escalation aledescalation of a patient’s asthma
regimen is crucial in management. In the Pedi#&sthma Control Trial (PACT), children
showed changes in cough and wheeze scores, albggtae use, and PEF from three to 12
days before an exacerbatitrRegardless of treatment, outcome measures ofteymspand
albuterol rescue use did not return to baseling anfeast 10 days after the start of loss of

control and PEF changes, and often remained abhémaven longer periods. Additionally,

the International Asthma Patient Insight ResealfdBSPIRE) study report mean length of time to

peak symptoms worsening was 5.1 dayBaken together, these studies support early atimal

upon the first sign of loss of control and shoutddontinued for at least 10 days

Strategies Proposed for Treatment of Patients Who Arein the Yellow Zone

Multiple strategies have been proposed for thernreat of patients who enter the YZ

(Table 1). These include regimens that involveube or escalation of doses of ICS, while others

do not (scheduled SABA and intermittent use ofukddriene receptor antagonist [LTRA]).
Some argue that initiation or escalation of ICSreatthe first sign of an exacerbation
makes no sense, as they take two to six weeksetd aximal benefit, but Gibson et al. found

that even a single dose of inhaled budesonide @2igPdemonstrated beneficial effects on
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airway inflammation and hyperresponsiveness iresly @s six hours after dosifigThis

suggests that there may be an acute anti-inflanmnafttect from ICS. Furthermore, Szefler et

al. found statistically significant improvementsREF, symptom scores, and rescue albuterol use
beginning on day 1 of treatment with fluticasonegionate (25:g to 500ug twice daily)®.

Taken together, these findings do provide a rateofa escalation of ICS dose as a strategy for

YZ treatment.

Scheduled SABA

In the United States, the National Asthma Educatint Prevention Program
Third Expert Panel (EPR3) recommends temporarily scheduling SABA every 3-drldor 24-
48 hours when in the YZ However, no evidence supports this recommendaiigrile this
strategy may provide temporary symptom relief armlease forced expiratory volume in the
first second (FEV1), it is unlikely that it can pent progression into the RZ, as the SABA
would not be expected to reduce the airway inflationacausing the exacerbation. With this in
mind, the 2019 Global Initiative for Asthma (GIN&lidelines no longer recommends treatment

with SABA alone, noting that this strategy does p@vent severe exacerbatidfis

Intermittent L eukotriene Receptor Antagonist

The PRE-EMPT study found that introduction of mdéukast at the first sign of an
exacerbation in children with intermittent asthreauited in reduction in health care utilization
(by 28.5%), asthma symptoms, as well as schooparehtal work absence. However, it did not

result in reduction of beta-agonist or OCS tise
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Similarly, the Acute Intervention Management Stgas (AIMS) trial found that in
children with intermittent wheezing, episodic usenontelukast (when added to albuterol
therapy) early in RTIs led to reduction in troubkeathing (37% [P=0.003]) and interference
with activity scores (40% [P=0.001f. These findings were most evident in children with
positive asthma predictive indices. However, thiategy did not increase the proportion of
episode-free days or decrease OCS use.

Meanwhile, the Wheeze and Intermittent TreatmerA Wy trial found no difference
between intermittent montelukast and placebo im$esf unscheduled medical visits for
wheezing episodé$

Additionally, Valovirta et al. found no significadtfference between daily or episode-
driven montelukast use in the number of asthmaodpts culminating in an exacerbation
compared to placebo in children 6 months to 5 yelart®. However, beta-agonist use was
reduced with both daily (P=0.048) and intermitterantelukast treatment (P=0.028) compared
with placebo.

Thus, studies have shown some benefit in the amg®f a LTRA as a YZ medication,

but overall did not demonstrate a decrease in elatien rate. Moreover, such studies have only

been undertaken in the pediatric population.

Intermittent |CS Dosing

In 2016, a meta-analysis found that when compargdeicebo, pre-emptive high-dose

intermittent ICS reduced risk of exacerbation b3 preschool-age children with intermittent

asthma or viral-triggered wheezing (5 studies, N&42R 0.65; 95% confidence interval [CI],

0.51-0.81, p=0.0002, NNT=8) The corticosteroid regimens used in these stwdzs
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nebulized budesonide 1 mg twice daily, inhaled dm@ethasone (150@), inhaled budesonide
(1200 to 320Qug), or inhaled fluticasone (15Q@) daily. The children in these studies were
started on high-dose ICS at the first sign of gopenR Tl and continued on this regimen for
seven to 10 days. Overall, there is strong evidémsepport intermittent high-dose ICS for
preventing exacerbations in this specific pedigidpulation'®, and as a result is recommended
in the 2018 GINA guideline¥’.

As for school-aged children and adults, a 2015 GowhReview identified two studies
demonstrating that use of intermittent ICS at thet ®f an asthma episode reduced the risk of
requiring OCS in older children [OR 0.57; 95% CR®1.12) and adults [OR 0.10; 95% ClI,
0.01-1.95), and one study demonstrating improverimeling function in adult$®. However,
overall, the strength of evidence was deemed twf kv quality due to the paucity of published

data.

Short-Term Increasein Scheduled ICS Controller (Double, Quadruple, Quintuple)
Doubling Maintenance ICSDose

Initially, many action plans advocated doubling tlose of ICS in the YZ as several
studies had previously demonstrated efficacy Witk strategy. However, more recent studies in
both children and adults could not replicate tliisas.

Harrison et al. found no effect with this strategythe number of patients needing
prednisolone, lowest PEF recorded, increase in symgcores, highest symptom score
recorded, or time to recovery for PEF and symptoanes™®. Similarly, Fitzgerald et al. found
no difference in terms of treatment failures: reiqgj systemic corticosteroids, unscheduled visit

to a physician, and asthma returning to baséfinsext, Garrett et al. found no significant
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difference in PEFs, diurnal peak flow variabiliby, symptom scores two weeks following an
exacerbatiori’. Additionally, Rice-Mcdonald et al. found no difémce in terms of treatment
failures or median PEF (as percentage of run-it) Be<Finally, a 2016 Cochrane Review of
patients with mild to moderate asthma found thatdtids of needing OCS or having an

unscheduled physician visit or acute care visiteneot significantly reduced among patients

who doubled their IC&’.

Quadrupling Maintenance ICS Dose

Looking at a more substantial increase in ICS dod®rne et al. found that quadrupling
ICS dose (in patientsl6 years old) upon loss of asthma control resultddwer patients
requiring OCS compared with placebo: 12 of 56 (2i%4he quadrupling group versus 19 of 38
(50%) in the placebo group (RR=0.43 [95% CI, 0.22480P=0.004]}".

Similarly, in the Four-Fold Asthma Study (FAST)gegmatically designed trial
involving patients>16 years old on maintenance ICS), Mckeever ebahd that temporary
guadrupling of ICS dose upon deterioration of astlwantrol resulted in significantly fewer
severe exacerbations (defined as requiring systglmeocorticoids or an unscheduled health
care consultation): 45% in the quadrupling groursue 52% in the maintenance group, with an
adjusted hazard ratio (HR) for the time to a famtere exacerbation of 0.81 (95% CI, 0.71-0.92;

P=0.002; NNT=15%".

Quintupling Maintenance ICS Dose
In contrast to the quadrupled ICS dose studiegsaacet al. did not find the same benefit

with an even higher ICS dose (quintupled) in cl@fdfages 5-11 years old) with mild to
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moderate asthnfa. Children were treated with daily low dose ICSiftasone propionate §&)
twice daily) and were randomly assigned to eitlettinue the same dose (low-dose group) or
use a quintupled dose (high-dose group; fluticaggttaug twice daily) for seven days at the

early signs of asthma deterioration. Results shaveesignificant difference in rate of severe
exacerbations requiring systemic glucocorticoidsveen the two groups (0.48 exacerbations per
year in the high-dose group versus 0.37 in thedose group; risk ratio [RR], 1.3; 95% CI, 0.8-
2.1; P=0.30). Moreover, no significant differencasdound between the two groups regarding
time to first exacerbation, rate of treatment fia|ulsymptom scores, and albuterol use during YZ
episodes. Of note, there was a decrease in limeaitlyin the high-dose group (between group
difference of -0.23 cm per year [P=0.06]), whichyrb& due to the increased total

glucocorticoid exposure in this group (16% higher).

When comparing these two recent trials, the stydyaekson et al. had fewer than
expected exacerbations, with lack of efficacy delawing escalation of dose, while in the
pragmatically designed study by McKeever et alrapijmately 50% of subjects had an
exacerbation and efficacy was seen with ICS dosal&son. A possible reason for this
discrepancy is adherence to maintenance ICS. Eaolws patients with poor adherence by
Jackson et al. may have resulted in the overallgah in exacerbation rates that they observed.
For such patients with good maintenance ICS adkbereuadrupling the ICS dose may not be
the answer due to ICS’s flat dose response; thatpkateaus with no further therapeutic
response with increasing dose of the fGSJnfortunately, in the real world, adherence is a
problem as few patients are truly adherent to timaiintenance medication. Often, only when

faced with loss of asthma control do patients bégicomply with their controller therapy, while
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increasing their rescue inhaler use as well. Likphtients who essentially transition from non-
adherence to adherence with ICS (albeit tempojaaiky the ones experiencing the benefit of
protection against exacerbations. Furthermore,dfiSacy may improve with increased dosing
frequency’® that is, twice daily dosing is more effectiverittae same total dose of ICS dosed
once daily. Putting this all together, the cormettommendation to patients may be to utilize an
approach where ICS dosing is tethered to relieg&-agonist use as this may ultimately achieve

frequent ICS dosing.

Dynamic Dosing M ethod One: Symptom-Driven Use of ICSwith SABA

In the beclomethasone plus salbutamol (also knanadlauterol) (BEST) study, adult
patients with mild asthma were assigned to recenesof four inhaled treatments: placebo twice
daily plus 25Qug of beclomethasone and albuterol in a single arhad needed (as-needed
combination therapy); placebo twice daily plus &#pal as needed (as-needed albuterol
therapy); 25Qug of beclomethasone twice daily and albuterol &slad (regular beclomethasone
therapy); or 25@ig of beclomethasone and albuterol in a single erttalice daily plus albuterol
as needed (regular combination ther&Bysymptom-driven use of inhaled beclomethasone (250
ug) and albuterol in a single inhaler was foundeab effective as regular use of inhaled
beclomethasone (25@ twice daily). Morning PEF measures during thé ta® weeks of the 6-
month treatment were higher (P=0.04) and the numbexacerbations during the 6-month
treatment were lower (P=0.002) in the as-neededowtion therapy group compared to the as-
needed albuterol therapy group. However, neithePlBF nor the number of exacerbations were
significantly different from those in the groupseeving regular beclomethasone therapy or

regular combination therapy. Importantly, the custive dose of inhaled beclomethasone was
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significantly lower in the as-needed combinatioaréipy group than in the groups receiving
regular beclomethasone therapy or regular comionaltierapy (18.48 vs 76.97 P<0.001 for both
comparisons).

Next, the Best Adjustment Strategy for Asthma ia ttlong Term (BASALT) study
assessed whether a lower dose of beclomethasorid praduce similar result. Patients with
mild to moderate asthma controlled with beclomethasA0ug two puffs twice daily were
randomized to either scheduled beclomethasone-deorand beclomethasone with each
albuterol use. The treatment failure rate did niée¢dbetween the two groups. However, total
monthly ICS dose was significantly lower in the demand group (832g vs. 161Qug, p=0.01).

Meanwhile, in the Treating Children to Prevent Eetaations of Asthma (TREXA)
study, patients (ages 5-18 years old) with mildsstent asthma who were well-controlled on
low dose beclomethasone (4@ twice daily) were randomized to one of four tneant groups:
twice daily beclomethasone with beclomethasone gllusterol as rescue (combined group);
twice daily beclomethasone with placebo plus allmlites rescue (daily beclomethasone group);
twice daily placebo with beclomethasone plus altmltas rescue (rescue beclomethasone
group); or twice daily placebo with placebo plusiaérol as rescue (placebo grodh)The
frequency of exacerbations was found to be signifily higher in the placebo group (49%)
compared to the other three groups: daily (28%,@3)0 combined (31%, p=0.07), and rescue
(35%, p=0.07). As for frequency of treatment faeluthis was 23% in the placebo group,
compared with 5.6% in the combined (p=0.012), 2i8%e daily (p=0.009), and 8.5% in the
rescue (p=0.024) groups. Compared to the placatnmpgtinear growth was significantly

diminished in the combined and daily ICS arms witbwth being 1.1 cm less in these two arms
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(p<0.0001) but not in the rescue group (p=0.26§ fdscue group also received 15-25% of the

ICS dose compared to those in the combined ang 28 groups.

Dynamic Dosing M ethod Two: Single Maintenance and Reliever Therapy (SMART)

The strategy of using a combination of ICS and {antjng beta-agonist (LABA) as a
controller and quick reliever (termathgle maintenance and reliever therapy [SMART]) has
also been investigated as a potential therapezgionen for the management of persistent
asthma.

Rabe et al. compared budesonide/formoterol (a rapset LABA) in a single inhaler
(used for both maintenance and symptom relief thgraith a higher dose of budesonide plus
as-needed terbutalifé Included in the study were patients (ages 11e&@s/old) with mild-to-
moderate asthma on daily ICS. Participants wereaauized to either budesonide/formoterol
(80/4.5ug, two inhalations daily) for maintenance plus #iddal inhalations as needed for
symptom relief or budesonide (329 daily) for maintenance and terbutaline as nedoled
symptom relief. The budesonide/formoterol group gaxhter improvements in morning PEF
compared to the budesonide group (increases oflL3rhin vs 9.5 L/min, respectively; p=<
0.001). Moreover, risk of having a severe exac@hdhospitalization/ED treatment, OCS, or a
> 30% decrease from baseline in morning PEF om2exutive days) was 54% lower with
budesonide/formoterol vs budesonide (p=0.0011).bilteesonide/formoterol group had 90%
fewer hospitalizations/ED treatments compared édbildesonide group (1 vs 10, respectively;
p=0.026). Of note, the budesonide/formoterol grexperienced this increased efficacy with less

ICS compared to the budesonide group (24 vs 32Qug/d, respectively). Furthermore, the
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budesonide/formoterol group had 77% fewer OCSrireat days compared to the budesonide
group (114 days vs 498 days, respectively).

Next, in a study of children (ages 4-11 years ultih asthma uncontrolled on ICS,
Bisgaard et al. investigated whether using budeledfarmoterol for maintenance and reliever
therapy could reduce exacerbatiGhsThe participants were randomized to one of threes:
budesonide/formoterol 80/41y daily maintenance plus additional inhalationssigmptom
relief (SMART group); budesonide/formoterol 80/4g daily for maintenance plus terbutaline
as needed for symptom relief (fixed combinationugio or higher-dose budesonide 3&daily
plus terbutaline as needed for symptom relief (fid@se budesonide groul) Time to first
exacerbation was found to be prolonged in the SMARUp compared to the fixed-
dose budesonide (p=0.02) and fixed-dose combinien0.001) groups. Next, rate of
exacerbation requiring medical intervention wasiced by 70 to 79% with SMART versus
fixed-dose budesonide and fixed-dose combinatiddB(Patient vs 0.28/patient and 0.40/patient,
respectively; both p<0.001). Moreover, mild exaegidn days and nocturnal awakenings were
significantly lower with SMART. Furthermore, yeardgyowth among the patients in the SMART
group improved by one centimeter compared to ttexdfidose budesonide group (p<0.01).

Additionally, in a study by Papi et al., patie(#d8 years old), who at the time were
being treated with beclomethasone/formoterol 1Q@/6vice daily, were randomly assigned to
receive as their reliever medication either beclwsone/formoterol 10046y or salbutamot*,
The beclomethasone/formoterol maintenance andreglid+R) treatment group was found to
exhibit significantly increased time to first exasation compared to the
beclomethasone/formoterol and SABA rescue group (s vs 134 days), with a 36%

reduction in risk of severe exacerbation (definedeguiring hospital admission, ED visit, or use
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of systemic corticosteroids fef3 days) (HR 0.64 [95% CI, 0.49-0.82]; p=0.0005)atdition,
the number of days with mild exacerbations was Eaer in the M+R group than with the
salbutamol as needed group (56.04 vs 65.11 daysapient per year; 0.86 [0.76-0.98];
p=0.021)

A systematic review and meta-analysis, that inaiut@ randomized clinical trials
(n=22,748 patients), found that among patiefit years old (n=22,524), SMART was
associated with a reduced risk of exacerbationpeoad with the same dose of ICS and LABA
as the controller therapy (RR, 0.68 [95% CI, 0.589] risk differences [RD}-6.4% [95% Cl,
—-10.2% to —2.6%]) and a higher dose of ICS and LA&Ahe controller therapy (RR, 0.77
[95% CI, 0.60-0.98]; RD,-2.8%[95% Cl, -5.2% to % **. When compared with ICS alone
as the controller, similar findings were obserssl for younger patients (ages 4-11 years old),
evidence was limited (n=341); however, SMART waalssociated with a reduced risk of
exacerbations compared with a higher dose of IG8easontroller therapy (RR, 0.55 [95% ClI,
0.32-0.94]; RD;12.0% [95% Cl1,-22.5% to —1.5%)]) or the same dose of ICS and LARBAhe
controller therapy (RR, 0.38 [95% ClI, 0.23-0.63P,R-23.2% [95% CI, —33.6% to —12.1%)).
The investigators concluded that SMART was assediatith a lower risk of exacerbations
compared with ICS as the controller therapy (witkvithout a LABA) and SABA as the
reliever.

More recently, Bateman et al. conducted a triallnich patientsX12 years old) with
mild asthma were randomly assigned to either twlaiy placebo plus budesonide/formoterol
(200/6ug) used as needed for symptom relief or budesanalatenance therapy (2@ twice
daily) plus terbutaline used as rescue thefapyhey found that budesonide/formoterol used as

needed was non-inferior to budesonide maintendrezapy with regard to the annualized rate of
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severe exacerbations (0.11 and 0.12, respectidiyeover, time to first exacerbation was
similar between the two groups; however, budesdfudaoterol used as needed was inferior in
controlling symptoms based on Asthma Control Qoestiire (ACQ)-5 scores. As for daily ICS
exposure, patients in the budesonide/formoterokasied group had approximately a quarter of
the dose compared to those in the budesonide maimte group (669 vs. 267ug,

respectively).

In another recent study by Obyrne et al., patiért years old) with mild asthma were
assigned to one of three arms: twice-daily plagébe terbutaline used as needed (terbutaline
group); twice-daily placebo plus budesonide/formuté200/6pg) used as needed
(budesonide/formoterol group); or twice-daily buniggle (200ug) plus terbutaline used
as needed (budesonide maintenance gr8upyith regard to percentage of weeks with well-
controlled asthma, budesonide/formoterol was sapéviterbutaline (34.4% vs. 31.1% of
weeks; OR, 1.14; 95% ClI, 1.00-1.30; P=0.046), bigrior to budesonide maintenance therapy
(34.4% and 44.4%, respectively; OR, 0.64; 95% &7.73). With regard to the annual rate of
severe exacerbations, this was 0.20 with terb@alr07 with budesonide/formoterol, and 0.09
with budesonide maintenance therapy; the rate vea®0.36 (95% CI, 0.27-0.49) for
budesonide/formoterol versus terbutaline and 8834 Cl, 0.59-1.16) for
budesonide/formoterol versus budesonide mainterifwecapy. Thus, in the case of symptom
control, as-needed budesonide/formoterol was soiperias-needeggrbutaline, but was inferior
to maintenance budesonide therapy. However, exatienrates were similar in both the
budesonide maintenance and budesonide/formotesapgr and lower compared to
terbutaline. Furthermore, budesonide/formoteraieexied resulted in substantially lower daily

glucocorticoid exposure compared with budesonideteaance therap{p7 ug vs 340ug).
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Overall, the above data indicate the utility of dgmc dosing; a strategy that is simple,
empowers patients, and likely reflects what pasieltt in real life. Importantly, the strategy of
symptom-driven ICS in tandem with rescue beta-agjarse (whether short or long acting)
seems to result in a decrease in exacerbationk wimimizing ICS exposure. In fact, as a Step
1 controller for all patients12 years old, the 2019 GINA guidelines now recominas:needed
low dose ICS-formoterol (also an option as a Steprroller) or low dose ICS taken whenever
a SABA is taken (also an option as a Step 1 cdetrdr children 6-11 years oldY. In addition,
as-needed low dose ICS-formoterol is now the prefereliever therapy for all Steps of asthma
care. These new recommendations, therefore, remtbe robust data for this approach of

rescue therapy tethered to anti-inflammatory ICS.

Conclusion

In summary, presently multiple YZ strategies exstt, only a few have been shown
consistently effective. Scheduled SABA providesperary symptom relief, but no specific
evidence suggests it can prevent progressionhet®¥Z. Results for intermittent LTRA use have
been mixed, and have only been undertaken in @mldkddition of ICS to as needed beta
agonist use may be helpful. Strong evidence supparmittent ICS dosing for preschool-aged
children with intermittent viral-induced wheeze.Ww#ver, data regarding this strategy for
school-aged children and adults are limited. Assfuort-term increase in scheduled ICS
controller, doubling the dose seems to be ineffectivhile results for a more substantial increase
in ICS dose (quadrupling and quintupling) have baered. As for dynamic dosing, this strategy

appears the most promising. Symptom-driven ICS+SABAmMS to be efficacious for children
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and adults with mild to moderate asthma contratlediaily ICS. While, in adolescents and
adults with moderate to severe asthma controlledadly ICS+LABA, using a combination of
ICS+LABA as a controller and quick reliever (SMARAAs also been found to reduce
exacerbationg-ortunately, the prior boxed warning of asthmateglaleaths in association with
LABAs has been removed from medications that caradiABA, as review of four large
clinical safety trials by the United States Food &rtug Administration demonstrated that
treatment of asthma with ICS+LABA does not resuolsignificantly more serious asthma-related
side effects than treatment with ICS aldfe

Multiple factors can account for the differenceoitcomes seen with the various YZ
intervention strategies studied, including ovesalidy design as well as the patients enrolled in
the trials. For example, the length of time of syomp decay before patients initiate YZ
treatment and patients’ baseline adherence to itiimtenance ICS likely affect outcomes.
Additionally, asthma is a heterogeneous illnesf witltiple potential triggers of exacerbation,
which may respond quite differently to various &ctiterapies. Phenotyping and endotyping
have further revealed the heterogeneity of not paljents’ underlying asthma but also
associated exacerbatiofis® Certainly, more studies are needed to deterrhiaeight YZ
therapies for the right patients. Like all asthmiziventions, this is likely to be most effective
through a personalized approach as determiningitiger and mechanism of exacerbation

should lead to a more targeted therapy, and hdgefptimal response.
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Table 1 Yellow Zone Treatment Strategies

Intervention

Study

Participants

Significant Findings

Scheduled SABA

None

None

None

Robertson et al., 2007

2-14 years old

-Reduction in health care utilization, asthma syng, and school and parental work absence.
-No significant reduction in beta-agonist and OG8.u

Intermittent LTRA

Bacharier et al., 2008

12-59 months

-Reductions in trouble breathing and interferenia activity scores.
-No increase in episode-free days.
-No decrease in OCS use.

Nwokoro et al., 2014

10 months — 5 years old

-No difference in unscheduled medical visits.

Valovirta et al., 2011

6 months — 5 years old

-Reduction in beta-agonist use.
-No decrease in exacerbation rate.

Kaiser et al. (meta analysis), 2016

Preschool-age children
(<6 years old)

-Reduction in risk of exacerbation by 35% in presakage children with intermittent asthma or vitagigered wheezing.

Intermittent ICS Dosing

Chong et al. (Cochrane Review), 201

5

School-age children and
adults

-Reduction in risk of requiring OCS (but low quglévidence due to paucity of published data).

Harrison et al., 2004

>16 years old

-No effect on OCS use, lowest PEFR recorded, nisginptom scores, highest symptom score recordeiie to recovery for PEFR and
symptom scores.

Fitzgerald et al., 2004

>13 years old

-No difference in terms of treatment failures (neiag systemic steroids, unscheduled healthcaiig wisd asthma returning to baseline).

Increasein Maintenance

Garrett et al., 1998

6-14 years old

-No difference in PEFRs (morning or evening), dalnpeak flow variability, or symptom scores two Wweéollowing an exacerbation.

1CS Dose (Doubling)

Rice-Mcdonald et al., 2005

>18 years old

-Not superior to maintaining usual ICS dose in ®phtreatment failures and PEFR.

Kew et al. (Cochrane Review), 2016

children and adults

-Did not reduce odds of needing OCS or having atheduled healthcare visit compared with maintenaose.

Substantial Increasein

Oborne et al., 2009

>16 years old

-Reduction in exacerbations as fewer patients redureatment with OCS.

Maintenance | CS Dose

Mckeever et al., 2018

>16 years old

-Reduction in exacerbations (requiring systenhicagcorticoids or an unscheduled health care visit)

(Quadrupling or
Quintupling)

Jackson et al., 2018

5-11 years old

-No significant difference in rate of exacerbatioegquiring systemic glucocorticoids, time to fiestacerbation, rate of treatment failure,
symptom scores, and albuterol use during yellovezpisodes.

Symptom-Driven Use of
ICS+SABA

Papi et al., 2007 Adults -Symptom-driven use of inhaled beclomethasonei@b@lbuterol in a single inhaler is as effectiveegular use of inhaled
(18-65 years old) beclomethasone (25@ twice daily) in terms of morning PEFR and exaedidn rate.
Calhoun et al., 2012 Adults -No difference in rate of treatment failure betwseheduled beclomethasonepd(2 puffs twice daily) and symptom driven use of

beclomethasone 4@y with albuterol.

Martinez et al., 2011

5-18 years old

-Reduction in frequency of treatment failure wishmptom-driven beclomethasone g€ with albuterol compared to placebo.

Rabe et al., 200&

11-79 years old

-Compared to higher dose budesonide as mainteniae@py plus terbutaline for rescue, SMART resuitegreater improvements in
morning PEFR, 54% lower rate of having a severeenation, 90% fewer hospitalizations/ED treatmeatsl 77% fewer OCS treatment
days.

Bisgaard et al., 2006

4-11 years old

-Compared to fixed-dose budesonide and fixed dosgmation, SMART therapy resulted in prolongedetita first exacerbation and
reduction by 70-79% in rate of exacerbation reqgirnedical intervention.
-Mild exacerbation days and nocturnal awakeningewenificantly lower with SMART.

Single Maintenance and

Papi et al., 2013

>18 years old

-Compared to maintenance beclomethasone-formouétivla SABA for rescue, SMART was found to incretisee to first exacerbation.
-Number of days with mild exacerbations was alseelowith SMART.

Reliever Therapy

Sobieraj et al. (systematic review and|

4-11 years old (limited

-SMART was associated with a lower risk of asthxacerbations compared with ICS as the controllerapy (with or without a LABA)

(SMART) meta-analysis), 2018 evidence); and SABA as the reliever.
>12 years old
Bateman et al., 2018 >12 years old -SMART was noninferior to budesonide maintenaneeapy with regard to the annualized rate of seggegerbations and time to first
exacerbation.
-SMART was inferior in controlling symptoms basedACQ-5 scores.
Obyrne et al., 2018 >12 years old -With regard to symptom control, SMART was supetmas-needed terbutaline, but was inferior to tesmiance budesonide therapy.
-Exacerbation rates were similar in both the bud&omaintenance and SMART groups, and lower coetptr terbutaline.
Abbreviations:

asthma control questionnaire, ACQ

inhaled corticosteroid, ICS

leukotriene receptor antagonist, LTRA

long-acting beta-agonist, LABA
maintenance and reliever, M+R
oral corticosteroids, OCS

peak expiratory flow rate, PEFR

short-acting beta-agonist, SABA

single maintenance and reliever therapy, SMART




Key M essages
-No specific evidence suggests scheduled SABA can prevent exacerbation.

-Strong evidence supports intermittent |CS dosing for preschool-aged children with intermittent
viral-induced wheeze.

-Short-term doubling of 1CS controller dose seems to be ineffective, while results have been
mixed for a more substantial increase in ICS dose (quadrupling and quintupling).

-Dynamic dosing appears most promising as symptom-driven ICS in tandem with rescue beta-
agonist use (whether short or long acting) seem to result in a decrease in exacerbations, while
minimizing ICS exposure.

-2019 GINA guidelines now recommend as a Step 1 controller for al patients>12 yearsold as-
needed low dose ICS-formoterol (also an option as a Step 2 controller) or low dose ICS taken
whenever SABA istaken (also an option as a Step 1 controller for children 6-11 years old).

-2019 GINA guidelines now recommend as-needed low dose |CS-formoterol as the preferred
reliever therapy for all Steps of asthma care



