
The evidence base for ICS/formoterol maintenance and reliever
therapy in severe asthma

Reply to P.J. McDowell and co-workers:

We agree with P.J. McDowell and co-workers that the patients whose data are recorded in the UK Severe
Asthma Registry (UKSAR) have, on average, more severe asthma than participants in randomised
controlled trials (RCTs) of inhaled corticosteroid (ICS)/formoterol maintenance and reliever therapy
(MART) [1, 2]. However, poor generalisability from RCTs to severe asthma registries is also the case for
RCTs of high dose ICS/long-acting β-agonist (LABA) plus short-acting β-agonist (SABA) reliever
therapy. There are similar differences in average baseline severity between patients in the UKSAR database
and participants in RCTs of high dose versus medium dose ICS/LABA plus SABA therapy, as with those
in the MART studies (table 1) [3–13]. Of particular note, the MART study populations had an overall
higher baseline rate of severe exacerbations, a marker of both severity and future exacerbation risk. In our
view, it is unreasonable to discount one group of RCTs (MART) while concluding there is robust evidence
from other RCTs (high dose ICS/LABA), which suffer similar (or greater) limitations in generalisability.

Further, P.J. McDowell and co-workers state that there is no evidence that MART would have any beneficial
impact on disease burden in UKSAR [2]. We consider that this statement is incorrect because it discounts
high quality RCT evidence demonstrating the safety and efficacy of medium dose MART versus medium
and high dose ICS/LABA plus SABA-based regimens. This evidence can be summarised as follows.

1) ICS/formoterol reliever is superior to SABA reliever in moderate and severe asthma. ICS/formoterol
reliever is superior to SABA reliever across the spectrum of asthma severity [14]. In moderate and severe
asthma, ICS/formoterol reliever reduces severe exacerbation risk by 32% (risk ratio (RR) 0.68, 95% CI 0.58
to 0.80) versus SABA reliever, when taken together with the same maintenance ICS/LABA dose [15].

2) ICS/formoterol MART is superior to higher maintenance dose ICS/LABA plus SABA. ICS/formoterol
MART reduces severe exacerbation risk by 23% (RR 0.77, 95% CI 0.60 to 0.98) versus ICS/LABA
maintenance plus SABA, when the ICS dose in the maintenance ICS/LABA plus SABA treatment is
double that of the maintenance ICS dose in ICS/formoterol MART [15].

3) Timing of ICS/LABA dose is an important determinant of its efficacy. The greater reduction in severe
exacerbation risk achieved with ICS/formoterol MART versus higher maintenance dose ICS/LABA plus
SABA, despite lower total cumulative ICS doses, indicates that the timing of the ICS dose, when titrated
through the vehicle of reliever therapy, is an important determinant of its efficacy, as well as total daily
ICS dose. ICS/formoterol reliever therapy has greater potency than fixed-dose maintenance ICS/formoterol
in reducing severe exacerbation risk [16], and increased use of as-needed ICS/formoterol reduces the risk
of an exacerbation in the next 4 weeks, compared with increased SABA use with higher maintenance dose
ICS/LABA [9].

4) Formoterol contributes to efficacy of as-needed ICS/formoterol. The formoterol component in ICS/
formoterol reliever therapy contributes to exacerbation risk reduction due to its greater efficacy than
as-needed SABA [17]. In patients receiving maintenance ICS/formoterol, the reduction in severe
exacerbation risk with as-needed formoterol versus as-needed SABA is similar in magnitude to the
reduction in severe exacerbation risk with as-needed ICS/formoterol versus as-needed formoterol [17].
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TABLE 1 Characteristics of patients included in the UK Severe Asthma Registry (UKSAR) and randomised controlled trials (RCTs) of high dose inhaled corticosteroid (ICS)/long-acting β-agonist
(LABA) and of medium dose ICS/formoterol maintenance and reliever therapy (MART)

Study N Age FEV1,
%

ACQ Participants
with no severe
exacerbation
in past year,

%

Severe
exacerbations
in past year

Blood
eosinophils,

×109

FENO,
ppb

Adherence
assessment

mOCS,
%

LABA,
%

Baseline
ICS

treatment,
µg·day−1

Comparator treatments

MCDOWELL [2]
(UKSAR)

1111 52 70§ 3.2ƒ 6 5 0.40 43 MPR, FENO
suppression,
cortisol/

prednisolone
levels

58 93 2000

High versus medium dose ICS/LABA RCTs Medium dose
ICS/LABA
plus SABA

High dose
ICS/LABA
plus SABA

BUSSE [3] 403 39 74 NR 69 NR NR NR Inhaler dose
counters

0 NR NR FF/VI 100/25 FF/VI 200/25

BERNSTEIN [4] 692 46 62 NR 71 NR NR NR eDiary 0 64 NR FF/VI 100/25 FF/VI 200/25
GESSNER [5]§§ 1426 53 63 2.6## 0 NR NR NR NR NR 100 NR MF/IND/GLY

80/150/50
MF/IND/GLY
160/150/50

VAN ZYL-SMIT
[6]###

2216 48 67 2.3## 69 NR NR NR eDiary 0 72 NR MF/IND 160/150
MF 400

MF/IND 320/150
MF 800

FP/Salm 1000/100
KERSTJENS [7] 3092 52 55 2.5## 0 NR NR NR eDiary NR 100 NR MF/IND/GLY

80/150/50
MF/IND 160/150

MF/IND/GLY
160/150/50

MF/IND 320/150
FP/Salm 1000/100

LEE [8] 2436 53 58 2.8## 37 NR 0.23¶¶ 20¶¶ eDiary NR 100 NR FF/VI 100/25
FF/UMEC/VI
100/31.25/25
100/62.5/25

FF/VI 200/25
FF/UMEC/VI
200/31.25/25
200/62.5/25

Continued
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TABLE 1 Continued

Study N Age FEV1,
%

ACQ Participants
with no severe
exacerbation
in past year,

%

Severe
exacerbations
in past year

Blood
eosinophils,

×109

FENO,
ppb

Adherence
assessment

mOCS,
%

LABA,
%

Baseline
ICS

treatment,
µg·day−1

Comparator treatments

Medium dose ICS/formoterol MART versus comparator RCTs Medium
dose

ICS/LABA
MART

Medium
dose

ICS/LABA
plus SABA

High dose
ICS/LABA
plus SABA

BOUSQUET [9] 2309 40 71 1.9ƒ 0 1.9 NR NR Participant
diary

NR 55 713# BUD/Form
640/18 +
160/4.5
p.r.n.

FP/Salm
1000/100 +
Terb p.r.n.

VOGELMEIER [10]§§ 2143 45 73 1.9ƒ 0 NR NR NR Self-report at
each clinic

visit

NR 38 884¶ BUD/Form
640/18 +
160/4.5
p.r.n.

FP/Salm
500/100 +
Salb p.r.n.

PATEL [11] 303 42 81§ 1.9## 8 1.6 NR NR Electronic
inhaler

monitoring

NR 65 809+ BUD/Form
800/24 +
200/6
p.r.n.

BUD/Form
800/24 +
Salb p.r.n.

TAKEYAMA [12] 63 40 69§ NR
(ACT
15)

0 NR NR NR Participant
diary

NR 100 592 BUD/Form
640/18 +
160/4.5
p.r.n.

BUD/Form
640/18 +
Salb p.r.n.

JACKSON [13]ƒƒ 168 58 76 0.5ƒ NR NR 0++ 27 Electronic
inhaler

monitoring

0 100 NR BUD/Form
800/24 +
200/6
p.r.n.

BUD/Form
1600/48 +
Salb p.r.n.

FEV1: forced expiratory volume in 1 s; ACQ: Asthma Control Questionnaire; FENO: fractional exhaled nitric oxide; mOCS: maintenance oral corticosteroids; MPR: medicines possession ratio; SABA:
short-acting β-agonist; NR: none recorded; ACT: Asthma Control Test; FF: fluticasone furoate; VI: vilanterol; MF: mometasone furoate; IND: indacaterol; GLY: glycopyrronium; FP: fluticasone
propionate; Salm: salmeterol; UMEC: umeclidinium; BUD: budesonide; Form: formoterol; Terb: terbutaline; Salb: salbutamol. MCDOWELL et al. [2] present data as median; RCT data are presented as
mean, which have been calculated from included study arms when summarised data are not available within study publication. ICS daily dose at baseline is expressed as equivalent to
beclomethasone dipropionate (BDP). #: ICS dose assumed to be BDP equivalent; ¶: ICS dose not adjusted for BDP equivalence; +: ICS dose budesonide or equivalent. Pre-bronchodilator FEV1 is
presented, unless denoted by §, which is on-treatment FEV1 or unspecified. ACQ is either the 5-item version (denoted by ƒ) or the 7-item version (denoted by ##). ¶¶: geometric mean; ++: median;
§§: titration of randomised treatment in response to asthma control during study; ƒƒ: down titration of treatment in MART randomised arm from medium dose MART, to low dose MART to BUD/
Form reliever alone in accordance with maintenance of asthma control; ###: different inhaler devices were used for the MF and the MF/IND medications.
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5) ICS/formoterol MART has better efficacy/safety profile than ICS/LABA plus SABA. In high risk asthma,
medium dose ICS/formoterol MART reduced severe exacerbation risk by 46% (relative rate 0.54, 95% CI
0.36 to 0.82) versus medium dose maintenance ICS/LABA plus SABA [11]. The MART regimen also led
to significant reductions in days with no ICS therapy, days with β-agonist overuse episodes, and β-agonist
overuse episodes associated with delay in seeking medical review, all risk factors for asthma mortality [11].

6) ICS/formoterol can be considered “optimal” inhaled treatment in moderate–severe asthma. Low and
medium dose ICS/formoterol MART are ranked higher than low, medium and high dose ICS/LABA
maintenance plus SABA, when RCTs of inhaled treatments in moderate and severe asthma are included in
a systematic review and network meta-analysis [18].

7) Flat dose–response curve for efficacy with ICS beyond medium doses. In a Cochrane review, there was
no significant difference in number of severe exacerbations requiring treatment with oral corticosteroids
with fluticasone propionate (FP) 400 to 500 versus 800 to 1000 μg·day−1, (Peto OR 1.24, 95% CI 0.88 to
1.83) [19]. The potential benefit with increasing from medium to high dose ICS/LABA may be less than
transferring across to medium dose ICS/formoterol MART [14, 15]. Further increasing the ICS dose from
1000/1500 to 2000 μg·day−1 FP may facilitate a small reduction in daily oral corticosteroid dose in oral
corticosteroid-dependent asthma (2.0 mg·day−1 prednisolone, 95% CI 0.1 to 4.0) [19]; however, this is
likely to be due to systemic absorption of ICS [20].

8) ICS/LABA dose–response relationship. Until recently, exploration of the dose–response relationship of
ICS/LABA has not shown significant reductions in severe exacerbation risk with high versus medium dose
ICS [3–6]. However, in 2021 the CAPTAIN study of triple therapy in moderate/severe asthma reported that
the severe exacerbation rate was 32% lower (rate ratio 0.68, 95% CI 0.47 to 0.98) in the fluticasone
furoate/vilanterol 200/25 µg versus 100/25 µg treatment groups, and in a post hoc analysis, that the effect
was greater in the subgroup with high versus low T2 inflammatory status [8]. This latter finding suggests
that high T2 status might identify a subgroup of moderate/severe asthma patients who obtain greater
benefit from high dose ICS/LABA therapy. However, MART is also a therapeutic option for patients with
high T2 status; although the benefit of ICS/formoterol MART for reducing severe exacerbations is seen
across all blood eosinophil levels, it is greatest in those with high blood eosinophils [21].

9) Important adverse systemic effects with high dose ICS. Marked adrenal suppression, a significant reduction
in bone density, and a greater risk of cataracts occurs with long term treatment with doses of ICS above 500
to 750 µg·day−1 of FP, within the range of high dose ICS therapy [22, 23]. The extent of the potential
difference in ICS dose with ICS/formoterol reliever therapy regimens versus high dose ICS/LABA in severe
asthma is shown in the recent study of patients receiving benralizumab [13]. Continued treatment with high
dose ICS/LABA resulted in exposure to budesonide in excess of 800 µg·day−1 greater than that in patients
transferred to medium dose ICS/formoterol MART, who then reduced to low dose MART and then ICS/
formoterol reliever alone as asthma control allowed, without significant differences in exacerbation rate [13].

In conclusion, the available evidence suggests that medium dose ICS/formoterol MART has a superior
efficacy/safety profile than high dose ICS/LABA plus SABA. We propose that “optimising” treatment for
high risk patients with asthma on medium dose ICS/LABA plus SABA is more likely achieved by
switching to medium dose ICS/formoterol MART, than by further increasing the maintenance ICS/LABA
dose, in addition to systematically addressing treatable traits, considering other add on treatments such as
long-acting muscarinic antagonists (LAMAs), and for those with persisting high T2 status, trialling
additional ICS. This personalised medicine approach is consistent with the Global Initiative for Asthma
(GINA) strategy for difficult-to-treat asthma, where MART is recommended as part of optimisation of
therapy before considering high dose ICS/LABA [24].
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