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Abstract

Background Long-acting beta2-agonists (LABA) are recommended in asthma therapy, however, not
all asthma patients respond well to LABA. We performed a systematic review on genetic variants

associated with LABA response in patients with asthma.

Methods Articles published until April 2017 were searched by two authors using PubMed and
EMBASE. Pharmacogenetic studies in patients with asthma and LABA response as an outcome were

included.

Results In total, thirty-three studies were included in this systematic review, eight focused on
children (n=6,051). Nineteen studies were clinical trials, while fourteen were observational studies.
Studies used different outcomes to define LABA response, e.g. lung function measurements (FEV;,
PEF, MMEF, FVC), exacerbations, quality of life and asthma symptoms. Most studies (n=30) focussed
on the ADRB2 gene, encoding the beta2 adrenergic receptor. Thirty studies (n=14,874) addressed
ADRB2 rs1042713,7 ADRB2 rs1042714 (n=1,629) and 3 ADRB2 rs1800888 (n=1,892). The association
of ADRB2 rs1042713 and rs180888 with LABA response heterogeneity was successfully replicated.
Other variants were only studied in three studies but not replicated. One study focussed on the
ADCY9 gene. Five studies and a meta-analysis found increased risk of exacerbations in pediatrics
using LABA carrying one or two A alleles (OR 1.52 [1.17; 1.99]). These results were not confirmed in

adults.
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Conclusions ADRB2 rs1042713 variant is most consistently associated with response to LABA in
children but not adults. To assess the clinical value of ADRB2 rs1042713 in children with asthma using

LABA, a randomized clinical trial with well-defined outcomes is needed.

Introduction

Inhaled corticosteroids (ICS) are the cornerstone of asthma treatment in adults and children. For
patients with moderate or severe asthma poorly controlled on low-dose ICS current treatment
guidelines recommend increasing the ICS dosage or adding a long-acting beta-agonist (LABA) “%. Both
are effective therapies for managing asthma by controlling symptoms, improving lung function

and/or reducing exacerbations in asthmatics®>.

Nevertheless, there is much variation in how patients respond to LABA. A post-hoc analysis of 85
patients from two randomized controlled trials (RCTs) showed a variability of > 70% in changes in
peak expiratory flow in patients receiving salmeterol®. Factors including suboptimal inhalation
technique, poor adherence, comorbidities, psychosocial factors, and/or continued environmental

exposure to allergens or air pollution can contribute to this variation’.

Genetic variation can also play an important role in determining LABA response®*2. The contribution
of genetic factors to observed differences in bronchodilator response is approximately 28.5% for
short-acting beta-agonist (SABA)*®. However, in clinical practice we cannot yet predict LABA response
1 In 2016, a report by asthma experts commissioned by the FDA, warned for severe asthma

exacerbations in patients treated with LABA, questioning the safety of LABA in asthmatic adults and

This article is protected by copyright. All rights reserved.



15-18

children . A subset of 18% of the asthma patients treated with LABA had increased risk of worse

asthma outcomes such as lung function decline, severe exacerbations and even death 1925

Variation in the ADRB2 gene that codes for the beta2 adrenergic receptor (B2AR) is a usual suspect to
predict LABA treatment outcomes, due to its central role in the working mechanism of LABA. It
contains various single nucleotide polymorphisms (SNPs), a single base pair variation that occurs at a
specific position. In 1992, nine genetic variants in the ADRB2 gene were identified in patients with
asthma, including rs1042713, rs1042714 and rs1800888%°. Rs1042713 is known for amino acid
change (“missense mutation”) in wildtype Glyl6Gly by the following variants: Argl6Arg and
Argl6Gly. Rs1042714 leads to an amino acid change at position 27 and encodes for three genotypes:

13 and were

Glu27GIn, GIn27GIn and Glu27Glu. Both SNPsshowed functional relevance in vitro
further studied to search for associations with LABA response heterogeneity *’. There is also some
evidence for functional relevance of rs180888 at position 164 (Thr164lle). These three SNPs reduce
the degree of agonist-promoted downregulation of the B2AR expression and stimulate adenyl cyclase
activity’®. Adenyl cyclase, encoded by the ADCY9 gene, catalyzes the formation of cyclic adenosine
monophosphate from adenosine triphosphate and is stimulated by the B2AR, being responsible for

the receptor’s signal transduction. Figure 1 displays various SNPs within the ADRB2 gene and the

ADCY9 gene.

Because of the large variety in LABA response in asthmatic patients and the suspected genetic
component responsible for this heterogeneity, we systematically reviewed literature on LABA
pharmacogenetics. Many papers studied the combined use of ICS and LABA. We will discuss the

clinical potential of pharmacogenetics of the ADRB2 and the ADCY9 gene in asthma management.
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Methods

This systematic review assessed studies on LABA pharmacogenetics in patients with asthma
published until April 2017. The search was performed using prespecified keywords and Medical
Subject Headings (MeSH) (table 1). Studies in adults and children were assessed separately.
Conference abstracts, studies not conducted in humans and papers not written in English were
excluded. Reporting of this systematic review follows the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) statement %,

Table 1. Search term

pharmacogeneticsiMeSH  Terms] OR  pharmacogenomics[MeSH Terms] OR  genetic
polymorphism[MeSH Terms] OR genetic polymorphisms[MeSH Terms]) OR candidate genes[All

fields] OR genome wide association studies[All fields]

AND

agonists, beta adrenergic[MeSH Terms] OR beta adrenergic agonists[MeSH Terms] OR agents,
bronchodilator[MeSH Terms]) OR bronchodilators[MeSH Terms] AND long acting[All fields] AND

(genetic[All fields] OR genes[All fields])

Abstract sections were screened to determine whether studies described the association of specific

genetic polymorphisms with the response to LABA by two reviewers (EMAS and NMBO).

After the initial selection, full text papers were analysed and the following data was collected: name
of the author, year of publication, involved genes and SNPs (rs-numbers), study population, design,
number of included patients, medication (type, dosage, duration) used, parameters to define

treatment response and study outcome. We screened review articles for additional research papers.
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SNPedia *°, PharmGKB * and PubMed were used to find the dbSNP reference ID numbers (“rs
numbers”) when these were not reported. In case of disagreement concerning data extraction,

consensus between authors was reached.

Quality assessment was performed using the STrengthening the REporting of Genetic Association

studies (STREGA) checklist (see E2 in this article’s Online Repository) ***2.

Results

We identified 151 studies in PubMed and 72 in EMBASE (Figure 2). Three additional studies®>* were

identified through review papers **°**’

. Of all studies, 33 were pharmacogenetics studies that
studied LABA response heterogeneity in asthma. Fourteen were observational and 19 studies were
clinical trials (Tables 2-3). Only 33.3% of the identified studies used a prospective genotype-stratified

design. All studies were candidate gene studies; none were genome wide association studies

(GWAS).

Study outcomes

Outcomes reported to define LABA response can be divided into three categories: 1) lung function
measures such as differences in peak expiratory flow (PEF), differences in morning peak expiratory

flow rate (a.m. PEFR), Forced Vital Capacity (FVC), maximum mid-expiratory flow (MMEF), Forced

Expiratory Volume in one second (FEV1) and methacholine bronchial challenges *!%?027333833  3)

exacerbations (such as asthma-related emergency department visits, oral corticosteroid prescriptions

24,33,34,38,44,45,54-58

and school absence) , and 3) patient-centered outcomes (such as asthma control

questionnaire (ACQ), asthma control test (ACT), night time awakenings, asthma symptoms, rescue

use of short-acting bronchodilators and quality of life) 114%424>47.49,52,36
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Almost all studies (30 out of 33 studies) identified in our systematic review, investigated ADRB2
rs1042713 (see reference E1 in this article’s Online Repository). Seven of the 33 studies were
conducted in children. Nineteen of the 33 studies were trials. Seven studies studied ADRB2
rs1042714, whereas three studies investigated the ADRB2 rs1800888 SNP (reference E1 and table 2).

All studies included patients with wide age range. One study focused on ADCY9 SNPs.

ADRB2

ADRB2 rs1042713 (Arg16Gly)

Adults

Lung function outcomes (sixteen studies)

Five observational studies (n=89 up to 604 participants) did not report an association between lung

function measurements and different rs1042713 genotypes in patients treated with LABA 3347493139,

One RCT and two retrospective analyses of RCTs (total n=446) showed that Argl6Arg patients have
impaired therapeutic response to LABA when considering lung function as the treatment outcome
111233 A retrospective pharmacogenetics analysis of the Salmeterol Off CorticoSteroids (SOCS) trial, a
RCT with 164 well-controlled patients, and the Salmeterol Inhaled Corticosteroids (SLIC) trial, a RCT

with 175 uncontrolled patients, showed that addition of salmeterol was associated with 51.4 L/min

lower a.m. PEF in Arg16Arg subjects compared with Gly16Gly patients (p=0.005) ™.
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In Argl6Arg and Argl6Gly patients there was less protection against bronchoconstriction compared

| >3 This was

to Gly16Gly after the last dose of 1-2 weeks treatment with formoterol or salmetero
measured by methacholine and adenosine monophosphate bronchial challenges. Doses were up
titrated with 5 minute intervals until a decrease in FEV1 exceeding 20% of baseline was achieved. The
mean doubling dose/dilution difference between Argl6Arg/Argl6Gly patients and Gly16Gly patients
in either methacholine or adenosine monophosphate provocative dose/dilution causing a 20% fall in
FEV, from baseline (MCh PD,y/ AMP PC,o) of 1.49 (95% ClI 0.50-2.48) was shown in a retrospective

analysis of six RCTs in patients treated with corticosteroids after the last dose of salmeterol or

formoterol 3.

Furthermore, the LARGE trial - a RCT (n=87) with moderate asthma treated with albuterol and
salmeterol - showed that methacholine responsiveness improved in Glyl6Gly patients treated with
salmeterol compared to Argl6Arg patients. There were no differences between the genotypes in
PEFR improvement . In another RCT no difference between genotypes in FEV1% predicted (4.2 (-

10.8-19.3), p=0.565, n=64 ) was seen in Argl6Arg vs Argl6Gly patients **.

Remarkably, two clinical trials (n=237) showed that Arg16Arg patients treated with ICS and LABA had
more a.m. PEF improvement compared with ICS (LARGE trial, difference [Arg16Arg-Gly16Gly] -0.1 [-
14.4, 14.2], p=0.99, n=87) ** and improvement of FEV1% (p=0.023 after 8 weeks and p=0.032 after 16

weeks in 13 Arg16Arg vs. 30 Argl6Gly or Gly16Gly patients) .

Six RCTs (n=1001) of which four prospective did not show any interaction between LABA response

and rs1042713 on lung function outcomes 22740425233
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In a cross-over study 24 Gly16Gly patients received either placebo, leukotriene receptor antagonist
(LTRA), or LABA as ICS add on treatment (follow-up 6 weeks) ®'. Primary outcome was provocative
dose of methacholine: there was no significant difference in PD20: 1.5-fold [95%Cl: 1.1 - 2.2] for LTRA
vs 1.9-fold [95%CI: 1.2 - 2.9] for LABA, implicating that Gly16Gly patients respond equally to LABA

and LTRA.

Exacerbations (three studies)

One observational study (n=108) focused on exacerbations and reported that Arg16Arg patients had

more exacerbations during daily use of SABA, but not with LABA *.

Two post hoc RCT analyses (n=2,107 patients) studied the influence on exacerbations despite LABA
treatment (e.g. time to first severe exacerbation ** and a worsening asthma event requiring oral or

parenteral corticosteroids *°). No significant associations were found.

Patient-centered outcomes (five studies)

Five studies addressed the effect of genotyping on patient-reported outcomes. One observational
study (n=544) focused on patient-reported asthma outcomes during LABA treatment and reported

no evidence of an effect of B2AR variation *°.

In a pharmacogenetic RCT, salmeterol was withdrawn in 25 (total n=67) of the included asthma
patients with an Argl6Arg or Glyl6Gly genotype after a six week run in period on

fluticasone/salmeterol for all patients. Only in the Gly16Gly patients a significant decline of a.m. PEF
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rate was observed (-14.4 L/s, p=0.06). Nevertheless, LABA discontinuation led to clinically meaningful

asthma-related quality of life improvement in both groups *°.

Two additional studies (n=106 Arg16Arg and Gly16Gly patients) did not show an association between
this genetic variation and variation in LABA response measured by symptom scores *° and ACQ **. A
post-hoc RCT analysis (n=183 patients receiving LABA and ICS) did not discover associations with

night time awakenings 2.

Paediatric studies

Most studies used exacerbations and patient-centered outcomes, but not lung function as main

outcome measures.

Exacerbations (six studies)

In total 2,666 children were studied in LABA pharmacogenetic studies with exacerbations as an

44,45,57,58

outcome. Of these studies, five found increased risk of exacerbations in Argl6Arg patients

treated with LABA. Four were included in a meta-analysis ®.

The first paediatric studies showing an effect of Arglé on LABA response heterogeneity were
performed within BREATHE *>°”°%, The association of carrying this genetic variant and LABA response
was studied (n=546, 3 to 22 years) in patients treated with albuterol, salmeterol and ICS (37). An
increased hazard of exacerbations over the previous six months was found in Argl6Arg patients

treated with salmeterol compared with Glyl6Gly patients (OR 3.40, 95%Cl: 1.19-3.53, p=0.010).
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Three years later a study (n=1,182) in BREATHE was published *’. Compared to Gly16Gly patients,

Argl6Arg patients had an OR for asthma exacerbation response of 2.70 [1.46-4.99], p=0.002.

An observational study was conducted (n=597) with reported regular use of asthma medication
(double dose ICS or ICS and LABA) participating in the PACMAN cohort *°. Increased risk of oral
corticosteroid use was found in Argl6Arg patients treated with LABA and ICS compared to the ICS-

only group: OR 14.9 [95%Cl: 1.59-140.1].

In contrast, a population-based prospective cohort study (n=97 treated with fluticasone propionate
and salmeterol), did not find effect of ADRB2 genotype on LABA treatment outcomes **. There was
no difference in risk of asthma exacerbations or lung function decline between Argl6Arg and
Gly16Gly or Glyl6Arg patients. Furthermore, a three-treatment, three-period crossover RCT (n=182,
6-17 years) showed that Argl6Gly did not predict probability of best response to ICS, ICS plus LABA
or ICS plus montelukast defined by acute asthma exacerbations, number of asthma-control days and

FEV1 (p=0.49) (5).

In 2016, a meta-analysis focusing on the association between ADRB2 rs1042713 and LABA response
was performed ** in five childhood asthma cohorts (4,226 children and young adults) participating in
the Pharmacogenomics in Childhood Asthma (PiCA) Consortium *: the previously published BREATHE
(UK) *°”*% and PACMAN studies (NL) *°, as well as GALA I (USA), PAGES (UK) and PASS (UK). LABA use
was associated with increased risk of asthma exacerbations carrying one or two Arg alleles at
rs1042713: OR 1.52 per Arg allele [1.17; 1.99]. The risk was highest in GALA Il and lowest in PASS.
GALA Il involved Latino Americans and PASS included Africans and Caucasians, but excluded Asians.
There was no association between effect size for exacerbation risk and characteristics of the

populations.

This article is protected by copyright. All rights reserved.



Patient centered outcomes (one study)

Argl6Arg children (n=62, 5-18 years) selected from BREATHE were randomized over ICS+montelukast
or ICS+LABA+placebo in a RCT. Reported asthma-related school absences were reduced in children
treated with montelukast compared with salmeterol (difference in score: -0.40 [95%ClI: -0.22 to -
0.58]) *°. Salbutamol use was also reduced in the montelukast group compared to the salmeterol

group (difference: -0.47 [95%Cl: -0.16 to -0.79]).

ADRB2 Arg16 heterozygotes (three studies)

Only three studies described results for heterozygous patients. FEV1 decline was described for each
Arg allele irrespective of ICS or LABA use (n=604 adults): 7.7+2.5 mL/year ¥. The earlier discussed
paper (n=1,182, 3-22 years) showed increased risk of exacerbations in Argl6Gly compared to
Gly16Gly patients (OR: 1.63 [95%Cl: 1.02-2.60]) *’. The previously mentioned meta-analysis showed
an increased OR for exacerbations 1.52 [1.17-1.99] (p=0.0021) for each copy of the A allele in 637
children treated with ICS+LABA therapy, but no increased risk was seen in patients treated with ICS

or ICS+LTRA or ICS+LTRA+LABA **,

Overall, there is a difference between children and adults regarding the influence of the rs1042713
genotype on LABA response. Most studies in adults did not show a difference in risk of exacerbations
and in LABA response, however, Argl6Arg and Argl6Gly children had less response to LABA add on
treatment and more exacerbations compared to Gly16Gly patients. Furthermore, Argl6Arg children

may have higher risk of exacerbations when treated with LABA compared to Gly16 children ***.
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ADRB2 rs1042714 (Glu27GIn)

One study in BREATHE described tight linkage disequilibrium by not observing any individuals with

the compound diplotype of Argl6Arg and Glu27Glu®®.

Adults (five studies)

A RCT (n=87) described that LABA response in the context of this genetic variant was age-dependent.
Asthmatic 27GIn patients (<50 years) had better response to LABA with low and moderate doses of
ICS, while 27Glu patients (> 50 years) were more likely to respond to LABA and ICS combination
therapy *!. Younger 27GIn carriers responded better to ICS and LABA, this may be used in
personalized asthma treatment. On the other hand, three RCTs comparing GIn27Glu, GIn27GIn and
Glu27Glu (n=791) did not find any associations focusing on lung function outcomes such as FEV1,

FEV1% predicted, FEV1/FEC ratio and a.m. PEF %2,

A post-hoc analysis of a RCT with 183 patients focused on exacerbations and did not find association
between rs1042714 and LABA response °>. Two studies, of which one prospective, did not find a
pharmacogenetic effect of rs1042714 in LABA response heterogeneity (n=883) with asthma symptom

scores as their main outcome %2,

Paediatrics (two studies)

Two studies (n= 643) focused on exacerbations and rs1042714 variance in LABA response

heterogeneity, but did not find any differences ***%.
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To summarize results for ADRB2 rs1042714, one adult study (n=87) showed an age-dependent effect.
The other five other studies did not report any influence of variety in LABA response by rs1042714,

but did not assess the effect of age.

ADRB2 rs1800888 (three studies)

One observational study reported that non-Hispanic white adults with asthma treated with LABA
carrying Thri64lle (n=18) needed more urgent outpatient health-care or emergency department
visits for asthma exacerbations during the past year compared to Thr164Thr patients (n=18 Thri64lle
vs n=553 Thr164Thr; 2.6 [SD=3.5] vs. 1.1 [2.1] visits, p<0.0001). Thri64lle was associated with
reduced urgent visits in non-Hispanic, white patients not treated with LABA (nine Thri64lle vs 216
Thr164 patients; 0.1 [0.2] vs 0.5 [1.6] visits, p=0.01). The replication cohort showed similar results in

favor of these outcomes ®*.

Two RCTs (a post-hoc and a genotype-stratified analysis, n=544 and 183 adults) studied lung

function, but did not find any association between Thr164lle and poor LABA response ***2.

To conclude, only adults were studied. It remains inconclusive whether ADRB2 rs180888 is associated
with LABA response. During LABA treatment, the relationship between lung function and rs1800888
seems to be different compared to the relationship between rs1800888 and exacerbations. Future
research on Thrl64lle and LABA response should include outcome measures in all previously

described outcome categories.
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Genetic association and candidate gene studies with other ADRB2 SNPs (three studies)

Various other SNPs within the ADRB2 gene were investigated in adults (Tables 2-3), but there was no
evidence for a pharmacogenetic effect on lung function response to salmeterol *. In contrast, a
candidate-gene study showed that in 186 LABA-treated African Americans a 25 bp insertion-deletion
at nucleotide -376 relative to the ATG start site (the -376 in —del variant) was associated with

increased asthma-related hospital admissions: OR 13.43 [2.02-265.42], p=0.006 *.

ADCY9 (one study)

The ADCY9 gene has been positively associated with LABA response in a post-hoc analysis of a 12-
week clinical trial (n=86 Korean adults) using lung function to measure LABA response. After a two-
week ‘run-in’ period, patients received budesonide and formoterol. The following SNPs in ADCY9
were studied: rs2230739 (lle772Met), rs1045475, rs1045476, rs879619 and rs710893. Two were
associated with LABA response. The ADCY9 rs2230739 lle772Met was described to be associated
with improvement in predicted FEV1: 0.7 = 9.6 after 8 weeks of treatment (p=0.03). The ADCY9
rs879619 C/T polymorphism was associated with differences in percent change in MMEF: 7.5 + 15
(p=0.016) after 8 weeks of treatment. Nevertheless, these changes are not clinically relevant and did

not remain significant after a 12 week follow-up®.

This study also described a gene-gene interaction of ADCY9 lle772Met and ADRB2 Argl6Gly. There
was significant FEV1% improvement (8.4 = 7.5%) in the CT or CC lle772Met — A/G Gly16Gly genotype
combination compared to the TT lle772Met — A/G or G/G genotype combination. This interaction
showed additive effect on bronchodilator response to LABA in combination therapy *. These findings

have not been further studied.
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Quality of reporting

Results of the quality reporting assessment can be found in Supplementary information 1. 18 (54.5%)
studies published according to the STREGA guidelines. Restriction of analysis to high quality papers

did not change initial conclusions.

Discussion

This systematic review showed that most LABA pharmacogenetics studies focussed on variants in the
ADRB2 gene and that findings differ between adults and children. One variant within that gene and
the rs1042713 variant is expected to be associated with LABA altered response in children, but not in
adults. In children exacerbations were used as main outcome, whilst in adults mainly lung function.
Only three studies measured exacerbations as an outcome in adults, but none found association

between rs1042713 and LABA response.

Compared to adults, contribution of genetics to variability in LABA response is larger in children with
asthma. This could be due to the different phenotype in children, which is often characterized by less
airway wall rigidity, more atopy and shorter exposure to chronic airway inflammation ®. Also
shortened response and airway smooth muscle relaxation time in children and faster maximal
bronchoconstriction post-exercise are characteristics that differ from adults ®°. These differences

* ¢ Another reason for not

underline that children should not just be considered ‘small adults
observing an effect in adults may be that studies with children have considerable higher numbers

compared to the studies conducted in adults. The effect size of ADRB2 SNP effects is small as is the

sample size in adults.
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In relation to LABA response, it is important to consider that LABA can cause desensitization or
downregulation of the B2AR in human bronchial smooth muscle tissue over time. This may result in a
decrease of receptors or an increase of receptor degradation *_Desensitization and downregulation
result in reduced bronchoprotective effects of LABA . Previous studies showed bronchoprotective

44,47,53

subsensitivity for LABAs in Argl6 homozygous adults . This effect is also seen in children, but

has not been studied in relation to their genotypes ®2. ICS can play a role: ICS can reverse functional

66,69,70

desensitization of B2ARs and increase receptor expression and density Loss of

71,72

bronchoprotection due to regularly inhaled LABA seems to reverse only with high dose ICS . Only

two of the included studies mentioned this mechanism in their discussion as a possible reason for not

measuring any effects ****

. The LARGE trial showed no differences between genotypes in PEFR
response, but methacholine responsiveness improved in homozygous Gly27 patients treated with

salmeterol compared to Arglé homozygotes. This finding could highlight differences in

desensitization of bronchoprotective effects between polymorphic variants *2.

Few studies focussed on the additive or synergic effect of multiple variants on LABA response. Only
four studies (study populations 97 to 639 patients) focussed on ADRB2 haplotypes “******? This did
not lead into new insights. Gene-gene interactions with the Argl6Gly were only shown in two
studies. A gene-gene interaction was described in a Korean study: FEV1% improvement in the C/T or
C/C lle772Met and A/A genotype of the ADRB2 Argl6Gly was found, but not in the T/T lle772Met
and A/G or G/G Argl6Gly genotype combination *°. The construction of a genetic risk score might

provide more information than focussing on a single SNP .

In Caucasian populations, promotor polymorphisms and rs1042714 Glu27GIn were in complete

58,74

linkage disequilibrium with the Argl6 variant . Glu27GIn haplotypes were confounded by tight

disequilibrium with Arg16 variants, and therefore independent effects were difficult to assess. On the
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contrary, a haplotype analysis study identified 12 haplotypes in the ADRB2 gene and described that
no individual SNP could be a surrogate marker for their haplotype findings. This may indicate that
unique interactions of the SNPs within a haplotype will affect biologic and therapeutic phenotypes
and that prediction with individual SNPs will be insufficient to use in pharmacogenetics.”
Furthermore, other variants within the ADRB2 gene do not show consistent associations with LABA
response. Six other ADRB2 SNPs have been studied, and their results did not show reproducible
associations, however large scale and comprehensive analysis is required to clarify the full genetic

architecture of this locus.

As can be expected based on the mechanism of action of SABA and LABA, there is overlap in genetic
risk factors for poor SABA/LABA response in ADRB2 ™ and ADCY9 "® genes. In contrast to LABA, SABA
GWAS data are available. Genes only associated with SABA response heterogeneity in GWAS studies,
but not found in LABA candidate gene studies are: SLC24A4 6 SPATS2L (replicated) 77 SPATA13 and
its associated antisense RNA “8, intronic SNPs in COL22A1 and CLOCK genes 7 ASB3 ® and FGF14 %
The SABA GWAS used change in lung function as outcome. These results are specific for SABA
response heterogeneity associations, as patients were not treated with asthma co-medication. When
studying LABA, interference with genes associated with ICS or LTRA response can occur and the
effect of LABA can be influenced by ICS . Genes associated with SABA response heterogeneity might

influence LABA response heterogeneity as well.

It has to be mentioned that ethnic patient stratification within studies was not reported. The Argl6
and GIn27 are common, but vary within ethnicities. The reported allele frequency for the Arg16 allele
is 0.39, 0.52 and 0.55 in European, African and East Asian healthy populations respectively #. GIn27
has an allele frequency of 0.59, 0.82 and 0.93 in European, African and East Asian healthy

populations respectively, it is a very common allele ®. On the contrary, Thri64lle is very rare (minor
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allele frequencies: 0.02, 0.00 and 0.00 in European, African and East Asian healthy controls,

respectively) 3.

Furthermore, reporting ethnicity is important since unrecognized population stratification can lead to
false positive or false negative associations ®. For example, a rare insertion in African Americans
treated with LABA leads to increased exacerbations ®*. We recommend new studies to report
whether genetic associations with LABA were related to specific ethnicities. A lack of power can also
lead to false negative association. More than half of the included studies did not perform power
calculations. As effect sizes in LABA response are small, a large sample size to include enough cases

and controls is necessary to create clinically translatable results.

Furthermore, studies focussing on LABA pharmacogenetics are difficult to compare due to variability
in outcomes studied. In addition, different dimensions of response might be associated with different
genetic profiles. Use of the ACQ for example, may result in different findings than exacerbations, as
children with uncontrolled symptoms may not be the same as children with (sudden) severe

exacerbations %.

Most limitations of the included studies may be due to study design. Future research in this field
should focus on prospective observational studies and RCTs focussing on genes shown to influence
response heterogeneity and GWAS. These studies should focus on a variety of outcome measures,
preferably including patient-centered outcomes as well as exacerbations and lung function
measurements. It would even be more beneficial to standardize response definitions in

pharmacogenetics or to define composite scores.
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In order to move from association to implementation in clinical practice, clinical validity of identified
genetic variants should be assessed. To provide indications about clinical validity, measures such as
number needed to genotype, population attributable fraction (proportion of adverse events that can
potentially be eliminated if patients carrying the genetic variant receive different treatments),
positive and negative predictive value (probability of an adverse event when the genetic variant is
present, and probability of no adverse events when the genetic variant is absent) and number
needed to treat should be presented ¥. The identified pharmacogenetics studies only provide
association measures such as OR and RR. This makes interpretation of the results for use in clinical

practice difficult.

We used STREGA to assess the quality of the studies used in this systematic review. With this quality
reporting checklist, we objectively assessed quality of reporting in genetic research reports. We
recommend future researchers in this field to follow the latest quality guidelines to support
validation and replication. Furthermore, in most studies, patients heterozygous for the associated
variant were not included; making it more difficult to translate outcomes into treatment guidelines

for all asthmatics.

In conclusion, there is considerable variability in pharmacogenetic LABA studies due to differences in
study design and characteristics of included patients. Environmental conditions, such as
socioeconomic factors (income, education), ethnic genetic variants, environmental allergen
exposure, psychosocial stressors, behavioural risk factors (smoking, obesity), poor medication
adherence, and lack of access to medicines or evidence-based care, can influence gene expression®®
% ADRB2 rs1042713 has been shown to influence LABA response in children in observational studies.
There is need for a RCT to evaluate the impact of ADRB2 rs1042713 genotyping in children before

starting a LABA °*. To identify other SNPs involved in LABA response heterogeneity, larger studies
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with well-defined, comparable outcomes and proper analyses (for example a GWAS including gene-

gene and gene-environment interactions ) are needed.
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Table 2. Included studies without the ADRB2 rs1042713 SNP

Study Gene and SNPs  Study population Design Medication Definition of the response Study outcome
Ortegaet ADRB2(5932), 1165 African candidate- LABA Asthma related hopitsal Patients with the rare ADRB2 variant: Thr164lle
al. 2014% 6 rare variants:  americans, age 30 gene study admissions and (-376 in -del) had increased asthma-related
rs148459047: (14); non-Hispanic hospital admissions compared to patients with
(C/A), whites, age 37 (16) the common allele.
rs33973603: and Puerto Rican
(A/G), asthma patients,
rs1800888: age 38 (19)
(T/0),
rs3729943:
(c/q),
Leu342Pro:
(T/C), (-376 in -
del)
Ambrose  ADRB2 (5g32) 2250 Asthma Randomised budesonide/formoterol The relation between poly-C The extensive sequence diversity present in de
etal. 2012 poly-C patients (mean age controlled or repeat polymorphism and poly-C repeat region of the ADRB2 3'UTR did not
9 genotype: all 38 (17)); 73 trial fluticasone/salmeterol  number of severe asthma predict therapeutic response to ICS/LABA therapy
variation inthe  Caucasian of exacerbations and changes in
poly-C region European descent pulmonary function
(+1266 to (n=1614), 7% Asian measurements (FEV1 and
+1278) (n=156), 1% African a.m. PEF), total symptom

(n=21) and 19%
were of mixed or
other race (n=434)

scores, rescue medication use
and night time awakenings
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- no full text available (1.6%)

"
Records identified through database searching
5 (PubMed [158] and EMBASE [78])
E [n=236)
=
-
c
[T}
=
— —-.
ny Records screened
c
£ (n=211)
[}
g
(¥
]
—_—
Records accessed for
eligibility
(n=28%)
Z (15.5%)
E
&
] Articles identified from
references of articles
 —
(n=3)
Taylor et al. 2000, Bleecker
et al. 2007 and Wechsler et
al. 2009
oy 1'
= Studies included in the
e systematic review
% (n=32)
= Population:
< 18 years of age (n=7)
= 12 years of age (n=3)
J = 15 years of age (n=1)
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E1l. Included papers focussing on the ADRB2 rs1042713 SNP

Study Gene and SNPs  Study population Design Medication Definition of the response Study outcome
Jabbalet  ADRB2 (5932) 89 consecutive ICS-  retrospective  ICS or ICS/LABA Impulse Oscillometry, There was no significant impact of
al. 2016 *°  rs1042713 treated non- real-world spirometry, Asthma Control Argl16Arg/Gly16Arg upon I0S outcomes,
(A/G) smoking asthma pilot study Questionnaire or salbutamol salbutamol use or asthma control.
patients. Mean age use However, for the R5—R20, those taking
43 years and 99% ICS/LABA had lower values compared to ICS
were Caucasian. alone: 0.15 versus 0.23 kPa/l.s p= 0.03.
Spirometry variables were non-significant
comparing ICS/LABA versus ICS alone;
FEV1% predicted 82 versus 80% p=0.65,
FEF25-75% predicted 51.6 versus 47.9%
p=0.6.
Slankard ADRB2 (5932) 67 Caucasian, randomized, fluticasone or differences in morning peak Withdrawal of LABA therapy in Arg/Arg
etal. 2016 rs1042713 African-American, double blind combined expiratory flow rate (a.m. asthmatics did not lead to significant
3 (A/G) Asian, Hispanicand  study fluticasone/salmeterol ~ PEFR) improvement in AM PEFR. LABA withdrawal
other patients with (F/S) after a run-in in Gly/Gly participants led to a significant
moderate to severe period on F/S decline in a.m. PEFR. Discontinuation of
asthma, age 47.2 LABA led to clinically meaningful
(15.5) in Arg/Arg improvement in asthma-related quality of
and 43.1 (14.5) in life in both Gly/Gly and Arg/Arg participants
Gly/Gly and not in an increase of asthma
exacerbations.
Turneret  ADRB2 (5q32) 4226 children of meta-analysis  As required (prn) History of recent The use of LABA is associated with
al. 2016 >  Rs1042713 white Northern SABA or ICS exacerbations increased risk of asthma exacerbations in
(A/G) European and monotherapy plus prn children carrying one or two A alleles at

Latino origin from
the BREATHE (UK;
mean age 9.7 (3.8)
GALA Il (USA; mean
age 11.9 (2.7),

SABA or ICS and LABA
plus prn SABA or ICS
and LTRA plus prn
SABA or ICS, LABA and
LTRA plus prn

rs1042713; OR: 1.52 [1.17,1.99], p=0.0021
for each copy of the A allele
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Wechsler
etal. 2015
55

Konno et
al. 2014 *°

Petrovic-
Stanojevic
etal. 2014
41

Zuurhout
etal. 2013
56

ADRB2 (5q32)
rs1042713
(A/G)

ADRB2 (5q32)
rs1042713
(A/G)

ADRB2 (5932)
rs1042713:
(A/G) en
rs1042714.
(C/G)

ADRB2 (5q32)
rs1042713
(A/G)

PACMAN (NL; mean
age 8.7 (2.3), PAGES
(UK; 9.8 (3.7) and
PASS cohort (UK;
mean age: 11.1
(4.0)

1070 black adults
with moderate to
severe asthma in
the United States.
Mean age 45.1
(12.6) in LABA +1CS
group and 45.2
(12.6) in tiotropium
+1CS group

80 Japanese
patients with mild
to moderate
asthma, age
Arg/Arg: 50.7 (14.6)
and Gly/Gly: 51.9
(14.8)

A Serbian
population of 171
patients with
asthma (age 44 (19-
76) and 101
controls (age 51
(21-70)

597 Caucasian
children (4-12 years
of age)

multisite
(n=20), open-
label, parallel-
group,
blinded,
pragmatic
randomized
clinical trial

randomized,
genotype-
stratified, two
period
crossover
study

controlled,
follow-up trial

case-control
study

SABA

ICS plus tiotropium
once-daily (n=532) or
ICS plus twice-daily
LABA (n=538)

ICS + 50ug salmeterol
twice a day or ICS + 10
mg montelukast once a
day, after 16+/-1 weeks
cross-over after a
wash-out period of 4-8
weeks

LABA + low and
moderate dose ICS

maintenance
treatment with ICS or a
combination of ICS and
LABA

Time to asthma exacerbation,
defined as a worsening
asthma event requiring oral or
parenteral corticosteroids.

differences in PEF, peripheral
eosinophil counts and
symptom scores

FEV1, forced vital capacity
(FVC) and Asthma Control
Test (ACT) at the third
patients visit

Asthma Control
Questionnaire, frequency of
asthma-related emergency
department visits and use of

Argl6Gly alleles were not associated with
differences in the effects of tiotropium +
ICS vs LABA + ICS (hazard ratio for time to
first exacerbation, 0.84 [95% Cl, 0.47 - 1.51]
for Arg/Arg vs 0.85 [95% Cl, 0.63 - 1.15] for
Arg/Gly or Gly/Gly, p=0.97).

The Gly16Arg genotype of the ADRB2 gene
did not influence the brochodilator effects
of salmeterol or montelukast as an add-on
therapy for ICS.

27GIn allele in asthmatics younger than 50
year is associated with a better response to
LABA with low and moderate doses of ICS,
while carriers of the 27Glu allele over 50
years old are more likely to respond to
LABA + ICS therapy

Children who are homozygous for ADRB2
Argl6 have an increased risk of
exacerbations when treated with combined
LABA and ICS.
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Bonini et
al. 2013 *

Soleimani
etal. 2013
43

Giubergia

etal. 2013
a4

Lipworth
etal. 2013
45

Bateman
etal. 2011
20

ADRB2 (5q32)
rs1042713
(A/G)

ADRB2 (5932)
rs1042713
(A/G) and
rs1042714
(C/G)

ADRB2 (5q32)
rs1042713
(A/G) and
rs1042714
(¢/q)

ADRB2 (5932)
rs1042713
(A/G)

ADRB2 (5q32)
rs1042713
(A/G)

26 Adults between
18 and 50 years of
age with a baseline
FEV1 2 65%, with
exercise-induced
bronchoconstriction
(EIB)*

64 Iranian patients
with mild or
moderate-severe
asthma, age 50.5
(8.2) in Arg/Arg and
48.8 (10.4) in
Arg/Gly.

97 Argentinian
children with
severe asthma 26
years old

62 British children
(5 -18 years) with
Argl6Arg

388 Arg/Arg Asian,
Caucasion and
African patients
(18-67 years) with

prospective,
genotype-
blinded
randomized
trial

controlled
trial

population-
based,
prospective
cohort study

Randomised
controlled
trial

double-blind,
double-
dummy,
placebo-

salmeterol 50 g twice
a day

50 ug salmeterol
xinofoate and 250 pg
fluticasone propionate
twice a day (severe-
astma group) and
salbutamol as needed
(mild astma group)
ICS (fluticasone
propionate, 250 ug)
plus an LABA
(salmeterol, 25 ug)
twice daily

Fluticason propionate
and oral montelukast
5/10 mg vs. Fluticason
proprionate and
salmeterol plus
placebo

twice-daily salmeterol
(50 pg), afterwards

tiotropium (Respimat,
5 ug) or salmeterol (50

oral corticosteroids

FEV1, response to salmeterol,
morning PEF, ACQ and FeNo
at baseline for association
with loss of
bronchoprotection (LOB)

FEV1, FEV/FVC and asthma
score before and after run-in
period

Number of severe
exacerbations, time of first
asthma exacerbation, changes
on pulmonary function and
number of hospitalizations

School absence, asthma-
related hospitalizations,
requirement of oral steroids,
asthma exacerbations, use of
inhaled bronchodilator, daily
asthma symptoms reported
by participants, PAQLQ, NO
levels and spirometry
Change in PEF and adverse
events

The LOB that occurs with chronic LABA use
is not affected by ADRB2 Argl6Gly
polymorphisms.

Patients in Arg/Arg (n = 8) category showed
significant improvement in asthma control
parameters and lung function compared
with Arg/Gly genotype (n =20). Changes in
response to LABAs were not clearly
observed in patients with different
genotypes at codon 27.

B2AR polymorphisms were not associated
with an increased risk of having asthma
exacerbations or lung function decline. No
association was observed among
haplotypes and the number of participants
with asthma exacerbations or the overall
number of exacerbations.

Exacerbation scores were reduced in
children treated with LTRA + ICS compared
with children treated with LABA + ICS
(difference in score: -0.39; 95% Cl: -0.15 to -
0.64)

Tiotropium was more effective than
placebo and as effective as salmeterol in
maintaining improved lung function in B16-
Arg/Arg patients with moderate persistent

3
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Kim et al.
2011
46

Rebordosa
etal. 2011
a7

Harada et
al. 2011 *®

ADRB2 (5q32)
rs1042713
(A/G), ADCY9
(16p13.3)
rs2230739
(T/C),
rs1045475 (C/T)
, rs1045476
(C/T), rs879619
(C/T), rs710893
(C/T)

ADRB2 (5932)
rs1042713
(A/G)

TSLP (522)
rs3806933 (C/T)

asthma that was
not controlled by
ICS alone.

86 Korean patients
with mild or
moderate
persistent asthma

604 European,
Caucasian subjects
with current
diagnosed asthma,
age 42 (7.3)

639 Japanese
patients with
childhood atopic
asthma, age 9.3 (4-
15) and 838 control
subjects, age 49.8
(20-75), and 641

controlled
trial

12-week
retrospective
clinical trial

multicentre,
population-
based,
prospective
cohort study

association
studies

ug) or placebo

Budesonide 160 pg and
formoterol 4,5 g twice
a day and two puffs in
a time

LABA or ICS

salmeterol

FEV1 and maximum mid-
expiratory flow (MMEF) levels

Asthma control, FEV1 decline,
bronchial
hyperresponsiveness (BHR),
use of inhaled SABAs, LABAs
and ICSs

The effects of salmeterol on
the luciferase activities

asthma. Safety profiles were comparable.

Associations were observed between

the ADCY9 single nucleotide polymorphisms
and percent changes in FEV1

(lle772Met, p=0.030) and MMEF(
rs879619, p=0.016) after 8 weeks of
combination therapy.

Additive therapeutic effect was observed in
those with the ADCY9 lle772Met

and ADRB2 Arg16Gly gene polymorphisms
in terms of percent change in FEV1 after 8
and 12 weeks of therapy (p=0.002

and p=0.027 respectively).

There was an increased risk of non-
controlled asthma (OR 1.33, 95% CI 1.01-
1.75; p=0.046) for each Arg allele. No
increased risk of non-controlled asthma
associated with the Arg allele was observed
among ICS and/or LABA users. For each Arg
allele, a mean*SE decrease in decline in
FEV1 of 7.742.5 mL/year was found
(p=0.003), irrespective of ICS or LABA use.
Arg/Arg subjects had an increased risk of
BHR versus Gly/Gly subjects with LABA use,
OR: 2.51 (95% Cl 1.12-5.63; p=0.025)

No difference was evident in the activities
of luciferase between the major and minor
haplotypes after concurrent exposure to
DEX and SAL (p=0.096)
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Lemanske ADRB2 (5q32) 182 children (6 to randomized, Fluticasone 250 pg Not applicable The Argl6Gly genotype did not predict
etal. 2010 rs1042713 17 years of age) doubleblind, twice daily, fluticasone patterns of response (p=0.49).
(5) (A/G) uncontrolled on three- 100 g plus salmeterol

100 pg fluticasone treatment, 50 ug twice daily or

twice daily* three-period fluticasone 100 pg

crossover trial  twice daily plus 5 or 10
mg montelukast daily

5
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Basu et al.
2009 >’

Wechsler
etal. 2009
12

Kim et al.
2009 *°

Yancey et
al. 2009 **

Bleecker
etal. 2007
34

rs1042719
(¢/qQ)

ADRB2 (5932)
rs1042713
(A/G)

ADRB2 (5q32)
rs1042713
(A/G)

ADRB2 (5932)
rs1042713
(A/G)

ADRB2 (5932)
rs1042713
(A/G)

ADRB2 (5932)
rs1042713
(A/G)

1182 young, British
asthmatic patients
(age 3-22 years)

87 adult patients
with moderate
asthma (ethnicity:
Caucasians, African-
Americans, Asians
and Hispanics; age
39 (11) in Arg/Arg
and 42 (12) in
Gly/Gly)

43 Korean
asthmatics
symptomatic
despite regular ICS
use for = 3 months
were enrolled, age
18-55 years.

555 Caucasian,
African, Hispanic or
other patients > 12
years with
documented
reversible airway
disease

1) 2250 asthma
patients aged 12
years or more*

cohort study

multicentre,
randomized,
double-blind,
placebo-
controlled
trial

clinical trial

retrospective
study of
pooled data

1) double-
blind
randomised

on-demand albuterol
and salmeterol

salmeterol 50 g twice
a day or placebo

budesonide (160ug)
and formoterol (4.5ug)

Salmeterol or
salmeterol plus
fluticason proprionate

1)
Budesonide/formoterol
160/4,5ug vs.

school absences caused by
asthma, use of short courses
of oral steroids, total asthma
exacerbation response and
asthma-related hospital
admissions

a.m. PEF

FEV1, MMEF, QoL and
a.m./p.m. PEFR

area under the serial FEV1
curve

1) time to first severe asthma
exacerbation
2) asthma control assessed by

The Argl6 genotype is associated with
exacerbations in asthmatic children and
young adults receiving LABA/SABA (OR of
Argl6Arg vs. Glyl6Gly: 2.70; 95% Cl 1.46-
4.99 and OR Argl6Gly vs. Gly16Gly: 1.63;
95% Cl 1.02-2.60).

In B16 Arg/Arg and B16 Gly/Gly genotypes,
combination treatment with salmeterol and
inhaled corticosteroid improved airway
function when compared with inhaled
corticosteroid therapy alone.

Asthmatic patients with the Arg16Arg of
ADRB?2 achieve better asthma control with
long-term regular use of combined
budesonide and formoterol treatment,
suggesting that the ADRB2 genotype may
dictate choice of treatment strategy.

ADRB2 Argl6Gly genotypes do not
modulate lung function response in
patients treated with salmeterol or FSC
over the 12 hour dosing interval following
acute and chronic dosing.

1) The Gly16Arg genotype had no effect on
the percentage of participants with severe
exacerbations.
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2) 405 asthma

study

Budesonide/formoterol

exacerbations

2) The frequency of asthma exacerbations

patients aged 12 2) open-label 320/9ug vs. and other endpoints were closely similar for
years or more* study Fluticasone/salmeterol all ADRB2 genotypes

250/50ug

2)

Budesonide/formoterol
320/9ug step-up vs.
Budesonide/formoterol
320/9ug fixed-dose vs.
Fluticasone/salmetrol
250/50ug fixed dose

Bleecker ADRB2 (5932) 183 adult and randomised salmeterol 50 pg twice-  PEF, albterol use, asthma There were no pharmacogenetic

etal. 2006 rs1042713 adolescent patients  controlled daily administered with  symptoms and night time associations between response to

>2 (A/G), with uncontrolled trial fluticasone propionate  awakenings salmeterol and fluticasone and ADRB2 BUP-
rs1800888 (T/C) asthma (age 37.9 100 pg or montelukast Cys/Arg, Arg16Gly, GIn27Glu, and Thri64lle
and rs1042714  (14.4) in Arg/Arg, genotypes and haplotype pairs.

(c/q) 37.5(14.2) in

Arg/Gly and 33.8

(13.2) in Gly/Gly;

ethnicity:

Caucasian, African-

American, Hispanic,

Asian and other)
Palmeret ADRB2 (5q32) 546 British children  cross- Salmeterol 50 ug twice  The primary outcome The Argl6 genotype of ADRB2 predisposes
al. 2006 **  rs1042713 and young sectional daily (n=164) and a measure was asthma to exacerbations in asthmatic children and

(A/G) and asthmatics, mean survey cohort not taking exacerbations over the young adults, particularly in those exposed

rs1042714 age 10.2 (3.8) salmeterol (n=382) previous 6 months. to regular salmeterol.

(C/G) Glu27 did not show any effect on asthma
exacerbations, either when considered in
isolation or as a covariate with Gly16Arg.

Wechsler  ADRB2 (5q32) 1) SOCS trial: 164 1) 1) salmeterol vs. 1) change in physiologic Relative to B16Gly/Gly patients with

etal 2006 rs1042713 subjects with well- multicenter, placebo. outcomes, symptoms, exhaled asthma, B16Arg/Arg patients with asthma

it (A/G) controlled asthma randomised, 2) salmeterol vs. nitric oxide, AQOL, a.m. PEF, may have an impaired therapeutic response
(FEV1 > 80% double-blind,  triamcinolone p.m. PEF, asthma symptom to salmeterol in either the absence or
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Lee et al. ADRB2 (5¢32) parallel groups of randomised, budesonide 200 ug and  AUC for %change from pre- Acute salbutamol recovery in methacholine
2004 rs1042713 10 matched double blind,  formoterol 6 pg or challenge (1 hour after constricted airways was significantly
60 (A/G) homozygous Arg-16  double fluticason proprionate  treatment inhalation) baseline  delayed to a similar degree in both
(mean age: 43)and  dummy, 250 pg and salmeterol FEV1 and salbutamol genotypes due to cross tolerance induced
10 homozygous crossover 50 ug response at 30 minutes by formoterol or salmeterol.
Gly-16 study
patients (mean age:
46)*

Lipworth ADRB2 (5¢32) 24 British patients Randomised placebo, zafirlukast (20  bronchoprotection (measured  Formoterol and zafirlukast maintained

8
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etal. 2000 rs1042713
o (A/G)

ADRB2 (5q32)
rs1042713
(A/G) and
rs1042714
(¢/G)

Taylor et
al. 2000 *

ADRB2 (5q32)
rs1042713
(A/G)

Taylor et
al. 2000 7

with the
homozygous Gly16
B2 polymorphism
and with mild to
moderate asthma,
age 39 (13) years.

108 patients with
mild to moderate
asthma (age 39.5
(20-60) in Arg/Arg,
40.3 (18-64) in
Arg/Gly and 40.8
(22-64) in Gly/Gly)*
20 patients with
mild to moderate
asthma, age Gly/Gly
50.0 (24-73) and
Arg/Arg 43.4 (30-
58)*

controlled
trial

retrospective
association
study

a prospective,
randomized,
double-blind,
placebo-
controlled,
cross-over
study

mg twice daily) or
formoterol (12 pg
twice daily) in addition
to corticosteroids

salbutamol 400ug four
times a day versus
salmeterol 50ug twice
a day versus placebo

Salmeterol 100 pg
twice daily

as the provocative dose of
methacholine that produced a
20% decline in forced
expiratory volume in 1 second
[FEV,]), exhaled nitric oxide (a
surrogate marker of airway
inflammation), and symptoms
exacerbations, prednisone use
and peak expiratory flow

Area under the curve (AUC)
for salbutamol and changes
from baseline for FEV1, heart
rate, Otc interval, serum
glucose and potassium, and
tremor.

asthma control in patients who might be
genetically predisposed to fare worse with
LABA.

Homozygous Arg-16 patients are
susceptible to clinically important increases
in asthma exacerbations during chronic
dosing with salbutamol, but not affected by
salmeterol.

No differences emerged for any of the
GIn27Glu comparisons.

The differences between Gly-16 and Arg-16
were nonsignificant and small.

* Ethnicity was not described
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E2. Supporting information: Quality assesment with the STREGA Checklist

Methods

To assess the quality of study reporting, all articles were scored by three authors (EMAS, NMBO and ZZ) using the adapted STrengthening the REporting of
Genetic Association Studies (STREGA) checklist®® for reporting genetic association studies. In case of disagreement about the quality assessment, consensus

between the authors was reached upon discussion.

The STREGA checklist resulted in an overall quality score of 0—-8 points for the pre-clinical studies and of 0—10 points for clinical studies.

Each item was scored with 0, 1 or 2 points. The score for LABA response studies consisted of:

e Quality of clinical information (1 point: assessment of inhaled medication used in the study, prescribed use and adherence [e.g., pharmacy data or pill

counts]; 1 point: adequate [description of] selection of participants, for example, inclusion criteria, baseline characteristics)

e Quality of genotyping (1 point: consideration of the Hardy—Weinberg equilibrium; 1 point: consideration of genotyping quality, for example, by reporting

percentage of successful genotyping attempts or cross validation with a different technique)

10
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e Quality in reporting the study population origin (1 point: mention geographical point of sample collection; 1 point: stratification or exclusion based on

ethnicity or statistical correction for population origin)

e Quality in terms of sample size and statistical correction for multiple testing (1 point: provide a sample size calculation; 1 point: any correction for multiple

testing if more than one SNP was studied)

The score for the clinical studies included one extra term:

e Quality of the study setup and analysis (1 point: the study included participants not using LABA (e.g., placebo); 1 point: statistical interaction term

LABA*genotype was calculated and interpreted correctly, [i.e., subject to the same p-value threshold as main effects])

We considered studies with more than half of the attainable points as of sufficient reporting quality based on earlier published work *'. We also assessed

whether the conclusions in this review would be different if we also would include studies of lower quality.

Results

According to the scores on the STREGA checklist we concluded that 18 (54.5%) studies published according to the STREGA guidelines. Almost all studies

(90.9%) defined selection criteria. A majority of the studies used the statistical interaction term LABA*genotype (25 studies, 75.6%), included participants

11
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not using LABA (21 studies, 63.6%) and reported the origin of the population (21 studies, 63.6%). Most of the studies reported whether they corrected for
multiple testing (21 studies, 63.6%). Twenty-one studies (63.6%) met the criteria for sample size and 18 (54.5%) studies for Hardy-Weinberg equilibrium.
Fewer reported details on genotyping attempts (8 papers, 24.2%), details on how inhaled medication was used (including adherence) (12 papers, 36.3%)

and stratification on ethnicity (27.3%).

We studied whether exclusion of papers with low STREGA scores would change our assumptions for studies in paediatrics and adults. Exacerbation
outcomes were mostly used to identify the effect of LABA within Argl6Arg children. We excluded those papers that did not report accurately according to
the STREGA checklist (less than a 6 point score for clinical studies). Exclusion of these two papers led to an even stronger effect towards the association of

Argl6Gly and response heterogeneity in children, as four papers with positive associations remained *°%"%2,

In adults, studies focusing on Argl6Gly were mostly conducted by measuring lung function. Here, we also excluded those papers that did not report
sufficiently according to the STREGA checklist. Within our systematic review, we included four papers with a positive association, two remained ***2. Within
the nine papers that did not show an association between Argl6Arg and LABA response heterogeneity in adults, only two papers accurately followed the

STREGA checklist ***°. When we restrict our analysis to high quality papers, our initial conclusions do not change.
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E1l. Included papers focussing on the ADRB2 rs1042713 SNP

Study Gene and SNPs  Study population Design Medication Definition of the response Study outcome
Jabbalet = ADRB2 (5932) 89 consecutive ICS-  retrospective  ICS or ICS/LABA Impulse Oscillometry, There was no significant impact of
al. 2016 *  rs1042713 treated non- real-world spirometry, Asthma Control Argl16Arg/Gly16Arg upon I0S outcomes,
(A/G) smoking asthma pilot study Questionnaire or salbutamol salbutamol use or asthma control.
patients. Mean age use However, for the R5—R20, those taking
43 years and 99% ICS/LABA had lower values compared to ICS
were Caucasian. alone: 0.15 versus 0.23 kPa/l.s p= 0.03.
Spirometry variables were non-significant
comparing ICS/LABA versus ICS alone;
FEV1% predicted 82 versus 80% p=0.65,
FEF25-75% predicted 51.6 versus 47.9%
p=0.6.
Slankard ADRB2 (5932) 67 Caucasian, randomized, fluticasone or differences in morning peak Withdrawal of LABA therapy in Arg/Arg
etal. 2016 rs1042713 African-American, double blind combined expiratory flow rate (a.m. asthmatics did not lead to significant
» (A/G) Asian, Hispanicand  study fluticasone/salmeterol PEFR) improvement in AM PEFR. LABA withdrawal
other patients with (F/S) after a run-in in Gly/Gly participants led to a significant
moderate to severe period on F/S decline in a.m. PEFR. Discontinuation of
asthma, age 47.2 LABA led to clinically meaningful
(15.5) in Arg/Arg improvement in asthma-related quality of
and 43.1 (14.5) in life in both Gly/Gly and Arg/Arg participants
Gly/Gly and not in an increase of asthma
exacerbations.
Turneret  ADRB2 (5932) 4226 children of meta-analysis  As required (prn) History of recent The use of LABA is associated with
al. 2016 >  Rs1042713 white Northern SABA or ICS exacerbations increased risk of asthma exacerbations in
(A/G) European and monotherapy plus prn children carrying one or two A alleles at

Latino origin from
the BREATHE (UK;
mean age 9.7 (3.8)
GALA Il (USA; mean
age 11.9 (2.7),
PACMAN (NL; mean
age 8.7 (2.3), PAGES
(UK; 9.8 (3.7) and

SABA or ICS and LABA
plus prn SABA or ICS
and LTRA plus prn
SABA or ICS, LABA and
LTRA plus prn

SABA

rs1042713; OR: 1.52 [1.17,1.99], p=0.0021
for each copy of the A allele




Wechsler
etal. 2015
55

Konno et
al. 2014

Petrovic-
Stanojevic
etal. 2014
41

Zuurhout
etal. 2013
56
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ADRB2 (5q32)
rs1042713
(A/G)

ADRB2 (5932)
rs1042713
(A/G)

ADRB2 (5g32)
rs1042713:
(A/G) en
rs1042714.
(¢/q)

ADRB2 (5932)
rs1042713
(A/G)

ADRB2 (5q32)
rs1042713
(A/G)

PASS cohort (UK;
mean age: 11.1
(4.0)

1070 black adults
with moderate to
severe asthma in
the United States.
Mean age 45.1
(12.6) in LABA +ICS
group and 45.2
(12.6) in tiotropium
+ ICS group

80 Japanese
patients with mild
to moderate
asthma, age
Arg/Arg: 50.7 (14.6)
and Gly/Gly: 51.9
(14.8)

A Serbian
population of 171
patients with
asthma (age 44 (19-
76) and 101
controls (age 51
(21-70)

597 Caucasian
children (4-12 years
of age)

26 Adults between
18 and 50 years of
age with a baseline
FEV1 = 65%, with

multisite
(n=20), open-
label, parallel-
group,
blinded,
pragmatic
randomized
clinical trial

randomized,
genotype-
stratified, two
period
crossover
study

controlled,
follow-up trial

case-control
study

prospective,
genotype-
blinded
randomized

ICS plus tiotropium
once-daily (n=532) or
ICS plus twice-daily
LABA (n=538)

ICS + 50pg salmeterol
twice a day or ICS + 10
mg montelukast once a
day, after 16+/-1 weeks
cross-over after a
wash-out period of 4-8
weeks

LABA + low and
moderate dose ICS

maintenance
treatment with ICS or a
combination of ICS and
LABA

salmeterol 50 g twice
a day

Time to asthma exacerbation,
defined as a worsening
asthma event requiring oral or
parenteral corticosteroids.

differences in PEF, peripheral
eosinophil counts and
symptom scores

FEV1, forced vital capacity
(FVC) and Asthma Control
Test (ACT) at the third
patients visit

Asthma Control
Questionnaire, frequency of
asthma-related emergency
department visits and use of
oral corticosteroids

FEV1, response to salmeterol,
morning PEF, ACQ and FeNo
at baseline for association
with loss of

Argl6Gly alleles were not associated with
differences in the effects of tiotropium +
ICS vs LABA + ICS (hazard ratio for time to
first exacerbation, 0.84 [95% Cl, 0.47 - 1.51]
for Arg/Arg vs 0.85 [95% Cl, 0.63 - 1.15] for
Arg/Gly or Gly/Gly, p=0.97).

The Gly16Arg genotype of the ADRB2 gene
did not influence the brochodilator effects
of salmeterol or montelukast as an add-on
therapy for ICS.

27GIn allele in asthmatics younger than 50
year is associated with a better response to
LABA with low and moderate doses of ICS,
while carriers of the 27Glu allele over 50
years old are more likely to respond to
LABA + ICS therapy

Children who are homozygous for ADRB2
Argl6 have an increased risk of
exacerbations when treated with combined
LABA and ICS.

The LOB that occurs with chronic LABA use
is not affected by ADRB2 Argl6Gly
polymorphisms.
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ADRB2 (5q32)
rs1042713
(A/G) and
rs1042714
(¢/qQ)

ADRB2 (5g32)
rs1042713
(A/G) and
rs1042714
(C/G)

ADRB2 (5q32)
rs1042713
(A/G)

ADRB2 (5q32)
rs1042713
(A/G)

ADRB2 (5q32)
rs1042713
(A/G), ADCY9
(16p13.3)

exercise-induced
bronchoconstriction
(EIB)*

64 Iranian patients
with mild or
moderate-severe
asthma, age 50.5
(8.2) in Arg/Arg and
48.8 (10.4) in
Arg/Gly.

97 Argentinian
children with
severe asthma 26
years old

62 British children
(5 -18 years) with
Argl6Arg

388 Arg/Arg Asian,
Caucasion and
African patients
(18-67 years) with
asthma that was
not controlled by
ICS alone.

86 Korean patients
with mild or
moderate
persistent asthma

trial

controlled
trial

population-
based,
prospective
cohort study

Randomised
controlled
trial

double-blind,
double-
dummy,
placebo-
controlled
trial

12-week
retrospective
clinical trial

50 ug salmeterol
xinofoate and 250 pg
fluticasone propionate
twice a day (severe-
astma group) and
salbutamol as needed
(mild astma group)
ICS (fluticasone
propionate, 250 ug)
plus an LABA
(salmeterol, 25 ug)
twice daily

Fluticason propionate
and oral montelukast
5/10 mg vs. Fluticason
proprionate and
salmeterol plus
placebo

twice-daily salmeterol
(50 pg), afterwards
tiotropium (Respimat,
5 ug) or salmeterol (50
ug) or placebo

Budesonide 160 pg and
formoterol 4,5 pg twice
a day and two puffs in
a time

bronchoprotection (LOB)

FEV1, FEV/FVC and asthma
score before and after run-in
period

Number of severe
exacerbations, time of first
asthma exacerbation, changes
on pulmonary function and
number of hospitalizations

School absence, asthma-
related hospitalizations,
requirement of oral steroids,
asthma exacerbations, use of
inhaled bronchodilator, daily
asthma symptoms reported
by participants, PAQLQ, NO
levels and spirometry
Change in PEF and adverse
events

FEV1 and maximum mid-
expiratory flow (MMEF) levels

Patients in Arg/Arg (n = 8) category showed
significant improvement in asthma control
parameters and lung function compared
with Arg/Gly genotype (n =20). Changes in
response to LABAs were not clearly
observed in patients with different
genotypes at codon 27.

B2AR polymorphisms were not associated
with an increased risk of having asthma
exacerbations or lung function decline. No
association was observed among
haplotypes and the number of participants
with asthma exacerbations or the overall
number of exacerbations.

Exacerbation scores were reduced in
children treated with LTRA + ICS compared
with children treated with LABA + ICS
(difference in score: -0.39; 95% Cl: -0.15 to -
0.64)

Tiotropium was more effective than
placebo and as effective as salmeterol in
maintaining improved lung function in B16-
Arg/Arg patients with moderate persistent
asthma. Safety profiles were comparable.

Associations were observed between

the ADCY9 single nucleotide polymorphisms
and percent changes in FEV1

(lle772Met, p=0.030) and MMEF(




Rebordosa ADRB2 (5q32) 604 European, multicentre, LABA or ICS Asthma control, FEV1 decline, There was an increased risk of non-

etal. 2011 rs1042713 Caucasian subjects population- bronchial controlled asthma (OR 1.33,95% CI 1.01—

4 (A/G) with current based, hyperresponsiveness (BHR), 1.75; p=0.046) for each Arg allele. No
diagnosed asthma, prospective use of inhaled SABAs, LABAs increased risk of non-controlled asthma
age 42 (7.3) cohort study and ICSs associated with the Arg allele was observed

among ICS and/or LABA users. For each Arg
allele, a mean+SE decrease in decline in
FEV1 of 7.742.5 mL/year was found
(p=0.003), irrespective of ICS or LABA use.
Arg/Arg subjects had an increased risk of
BHR versus Gly/Gly subjects with LABA use,
OR: 2.51 (95% Cl 1.12-5.63; p=0.025)

Lemanske ADRB2 (5q32) 182 children (6 to randomized, Fluticasone 250 pug Not applicable The Argl6Gly genotype did not predict
etal. 2010 rs1042713 17 years of age) doubleblind, twice daily, fluticasone patterns of response (p=0.49).
(5) (A/G) uncontrolled on three- 100 pg plus salmeterol




100 pg fluticasone treatment, 50 ug twice daily or
twice daily* three-period fluticasone 100 pg
crossover trial  twice daily plus 5 or 10
mg montelukast daily

Basuetal. ADRB2(5q32) 1182 young, British  cohort study on-demand albuterol school absences caused by The Argl6 genotype is associated with
2009 ¥’ rs1042713 asthmatic patients and salmeterol asthma, use of short courses exacerbations in asthmatic children and
(A/G) (age 3-22 years) of oral steroids, total asthma young adults receiving LABA/SABA (OR of
exacerbation response and Argl6Arg vs. Gly16Gly: 2.70; 95% Cl 1.46-
asthma-related hospital 4.99 and OR Argl16Gly vs. Gly16Gly: 1.63;

admissions 95% Cl 1.02-2.60).
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34

Bleecker

etal. 2006

ADRB2 (5932)
rs1042713
(A/G)

ADRB2 (5932)
rs1042713
(A/G)

ADRB2 (5932)
rs1042713
(A/G)

ADRB2 (5932)
rs1042713

Caucasians, African-
Americans, Asians
and Hispanics; age
39 (11) in Arg/Arg
and 42 (12) in
Gly/Gly)

43 Korean
asthmatics
symptomatic
despite regular ICS
use for = 3 months
were enrolled, age
18-55 years.

555 Caucasian,
African, Hispanic or
other patients > 12
years with
documented
reversible airway
disease

1) 2250 asthma
patients aged 12
years or more*

2) 405 asthma
patients aged 12
years or more*

183 adult and
adolescent patients

placebo-
controlled
trial

clinical trial

retrospective
study of
pooled data

1) double-
blind
randomised
study

2) open-label
study

randomised
controlled

budesonide (160ug)
and formoterol (4.5ug)

Salmeterol or
salmeterol plus
fluticason proprionate

1)
Budesonide/formoterol
160/4,5ug vs.
Budesonide/formoterol
320/9ug vs.
Fluticasone/salmeterol
250/50ug

2)
Budesonide/formoterol
320/9ug step-up vs.
Budesonide/formoterol
320/9ug fixed-dose vs.
Fluticasone/salmetrol
250/50ug fixed dose
salmeterol 50 pg twice-
daily administered with

FEV1, MMEF, QoL and
a.m./p.m. PEFR

area under the serial FEV1
curve

1) time to first severe asthma
exacerbation

2) asthma control assessed by
exacerbations

PEF, albterol use, asthma
symptoms and night time

function when compared with inhaled
corticosteroid therapy alone.

Asthmatic patients with the Argl6Arg of
ADRB?2 achieve better asthma control with
long-term regular use of combined
budesonide and formoterol treatment,
suggesting that the ADRB2 genotype may
dictate choice of treatment strategy.

ADRB2 Argl6Gly genotypes do not
modulate lung function response in
patients treated with salmeterol or FSC
over the 12 hour dosing interval following
acute and chronic dosing.

1) The Gly16Arg genotype had no effect on
the percentage of participants with severe
exacerbations.

2) The frequency of asthma exacerbations
and other endpoints were closely similar for
all ADRB2 genotypes

There were no pharmacogenetic
associations between response to




Palmeret ADRB2 (5q32) 546 British children  cross- Salmeterol 50 ug twice  The primary outcome The Argl6 genotype of ADRB2 predisposes
al. 2006 *®  rs1042713 and young sectional daily (n=164) and a measure was asthma to exacerbations in asthmatic children and
(A/G) and asthmatics, mean survey cohort not taking exacerbations over the young adults, particularly in those exposed

rs1042714 age 10.2 (3.8) salmeterol (n=382) previous 6 months. to regular salmeterol.
(C/G)

Glu27 did not show any effect on asthma
exacerbations, either when considered in
isolation or as a covariate with Gly16Arg.




Lee et al.

2004
60

Lee et al.
2004
53

Lipworth
et al. 2000
61

Taylor et
al. 2000 *

Taylor et
al. 20007

ADRB2 (5932)
rs1042713
(A/G)

ADRB2 (5932)
rs1042713
(A/G)

ADRB2 (5q32)
rs1042713
(A/G)

ADRB2 (5932)
rs1042713
(A/G) and
rs1042714
(C/G)

ADRB2 (5q32)
rs1042713
(A/G)

(11.4) in Gly/Gly)*
parallel groups of
10 matched
homozygous Arg-16
(mean age: 43) and
10 homozygous
Gly-16

patients (mean age:
46)*

304 asthmatic
patients (mean age
not mentioned),
who were receiving
add-on therapy
with long-acting 32-
adrenoceptor
agonists to inhaled
corticosteroids.*
24 British patients
with the
homozygous Gly16
B2 polymorphism
and with mild to
moderate asthma,
age 39 (13) years.

108 patients with
mild to moderate
asthma (age 39.5
(20-60) in Arg/Arg,
40.3 (18-64) in
Arg/Gly and 40.8
(22-64) in Gly/Gly)*
20 patients with
mild to moderate
asthma, age Gly/Gly

randomised,
double blind,
double
dummy,
crossover
study

retrospective
analysis of six
placebo-
controlled
randomised
studies

Randomised
controlled
trial

retrospective
association
study

a prospective,
randomized,
double-blind,

budesonide 200 ug and
formoterol 6 pg or
fluticason proprionate
250 pg and salmeterol

50 pg

Formoterol/Salmeterol
vs. Placebo

placebo, zafirlukast (20
mg twice daily) or
formoterol (12 pg
twice daily) in addition
to corticosteroids

salbutamol 400ug four
times a day versus
salmeterol 50ug twice
a day versus placebo

Salmeterol 100 ug
twice daily

AUC for %change from pre-
challenge (1 hour after
treatment inhalation) baseline
FEV1 and salbutamol
response at 30 minutes

methacholine or adenosine
monophosphate provocative
dose/dilution causing a 20%
fall in forced expiratory
volume in 1 second (FEV1)
from baseline (MCh PD20 or
AMP PC20).

bronchoprotection (measured
as the provocative dose of
methacholine that produced a
20% decline in forced
expiratory volume in 1 second
[FEV,]), exhaled nitric oxide (a
surrogate marker of airway
inflammation), and symptoms
exacerbations, prednisone use
and peak expiratory flow

Area under the curve (AUC)
for salbutamol and changes
from baseline for FEV1, heart

Acute salbutamol recovery in methacholine
constricted airways was significantly
delayed to a similar degree in both
genotypes due to cross tolerance induced
by formoterol or salmeterol.

The arginine-16 polymorphism was
associated with subsensitivity of response
for bronchoprotection, which was greater
for formoterol than salmeterol. In terms of
the degree of protection loss between first
and last doses, there was no difference
between the drugs.

Formoterol and zafirlukast maintained
asthma control in patients who might be
genetically predisposed to fare worse with
LABA.

Homozygous Arg-16 patients are
susceptible to clinically important increases
in asthma exacerbations during chronic
dosing with salbutamol, but not affected by
salmeterol.

No differences emerged for any of the
GIn27Glu comparisons.

The differences between Gly-16 and Arg-16
were nonsignificant and small.




50.0 (24-73) and
Arg/Arg 43.4 (30-
58)*

placebo-
controlled,
cross-over
study

rate, Otc interval, serum
glucose and potassium, and
tremor.
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