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Abstract

Purpose: Outcome differences driven by variation in Blacks’ biologic response to treatment may
contribute to persistent racial disparities in asthma morbidity and mortality. This review assessed
systematic variation in 3, agonist treatment outcomes among Blacks compared to other groups.

Methods: We conducted a systematic review of studies reporting differential response to B,
agonists among Blacks, including studies identifying pharmacogenetic variants.

Results: Of 3158 papers, 20 compared safety or efficacy of B, agonists among Blacks as
compared with other subgroups. Six papers evaluating efficacy of short-acting B, agonists (SABA)
found similar or improved results among Blacks compared with other groups, while one small
study found reduced response to SABA therapy among Blacks. Reports of safety and efficacy of
long-acting B, agonists (LABA) indicated similar results among Blacks in four papers, while four
reports found reduced safety among Blacks, as compared with other groups. Four papers assessed
genomic variation and relative treatment response in Blacks, with two finding significant effects of
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the p.Argl6Gly variant in ADRBZ2 on B, agonist response and one finding significant gene-gene
IL6/IL6R interaction effects on albuterol response.

Conclusions: Evidence suggests the potential for differences in B, agonist outcomes among
Blacks compared with other groups. This literature, however, remains small and significantly
underpowered for substantive conclusions. There are notable opportunities for adequately-powered
investigations exploring safety and efficacy of 3, agonists among Blacks, including
pharmacogenomic modifiers of response.
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1. INTRODUCTION

Nearly 4 million Blacks in America with asthma suffer striking and ongoing health and
healthcare disparities, including increased risk of emergency department visits and hospital
admissions, as well as significantly increased morbidity and mortality.: These issues affect
Blacks across the lifespan, with children, adolescents, and adults experiencing adverse
health effects due to asthma.2 While complex health care, patient, family, and environmental
factors can contribute to poorer outcomes, disparities driven by variation in Blacks’ biologic
response to treatment are not yet well understood. Systematic differences in response to
asthma therapeutics may be an important key factor underlying some of the observed
disparities in health outcomes.34

Disparate safety and efficacy signals across subgroups of interest can potentially be derived
from existing studies that assess variation between different groups by race and ethnicity.
Clinical outcomes of randomized controlled trials and cohort studies, for example, may
demonstrate altered safety or efficacy profiles among subgroups, while pharmacogenomics
research may explicitly examine the independent impact of genomic variation, such as single
nucleotide polymorphisms (SNPs). Observed differences may significantly contribute to
ongoing health disparities among Blacks with asthma, particularly when related to decreased
therapeutic efficacy or increased risk of side effects.

Thus, the published literature, as a body of existing data, represents an important
opportunity for illuminating treatment safety and efficacy patterns in the literature related to
differences in race and ethnicity. Such patterns may further inform clinical practice and
future research related to the care of individuals of different racial and ethnic backgrounds.

To begin to explore potential biologic factors that may affect treatment response among
Blacks with asthma, including differences in safety and efficacy, we applied a systematic
literature review approach to the short- and long-acting B, adrenergic agonists, two classes
of therapeutics used for treatment of this disease.>® The intent of this analysis was two-fold:
to enable hypothesis formation to develop deeper understanding of the biologic explanations
underpinning some of these results, and to inform selection of therapeutic courses when
feasible and appropriate.
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2. MATERIALS AND METHODS

2.1 Information Sources and Eligibility Criteria

We used data aggregated by IMS Institute for Healthcare Informatics to identify the most
prescribed brand name and generic drugs in the US,’ prioritizing for this review those with
FDA-approved indications for treatment of conditions with known health disparities among
Blacks. We further refined and prioritized within these lists by searching for information on
known racial/ethnic variations in drug response in sources such as package inserts and other
drug information sources (e.g., AHFS Clinical Drug Information8), complemented by
clinician input. This analysis reports the literature describing relative safety and efficacy of
[, adrenergic agonists among Blacks as compared with other races or ethnicities (note:
another component of the larger review project employed these methods to the literature
analyzing effects of atypical anti-psychotics among Blacks as compared with other groups,
published in 2020°).

We searched the MEDLINE database via PubMed from January 2000 to November 2016
using a combination of controlled vocabulary and key terms related to the drug classes, race,
and genetic or drug response variation (e.g., treatment, genotype, polymorphism, race,
Black, African American, albuterol, see Appendix). We selected the year 2000, when the
first draft of the human genome was completed, as a starting date given that majority of
evidence related to our pharmacogenomics objective would be published after this time.10
To ensure that our analysis incorporated the most current literature, we completed a final
manual search of citations in PubMed from November 2016 through August 2019. We also
explored the utility of searching EMBASE; comparison of results indicated this resource
was duplicative of the literature retrieved using PubMed so we elected not to include
EMBASE in our approach.

To facilitate review of the literature retrieved by our systematic search, we developed
inclusion criteria in consultation with team experts and informed by our preliminary review
of response variability information (Table 1). For this review, we sought both studies of
differential response to drugs of interest and studies identifying genetic polymorphisms
related to drug response variability or modification. We included: 1) empirical studies of any
design and pooled trial analyses, systematic reviews, and meta-analyses addressing variation
in effectiveness or safety of B, adrenergic agonists (including both short-acting and long-
acting agents) among Black adults or children compared with another racial/ethnic group
and 2) original research studies evaluating genetic variations that may affect response to p,
adrenergic agonists in Blacks compared with other racial or ethnic groups. We also limited
to English language studies. Four reviewers (KW, SK, NS, RJ) independently screened titles/
abstracts and the full text of studies using predetermined criteria, with disagreements
between reviewers resolved through discussion to reach consensus.

2.2 Data Extraction and Analysis

We extracted key study population characteristics, study design, treatment and follow-up
details, and outcome data on constructs of interest (race/ethnicity, allelic variations, efficacy
measures, safety data) from eligible studies. Given the seriousness of outcomes data
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comprising signals related to asthma exacerbation, treatment failure, hospitalization,
respiratory related death, or life-threatening experience, we categorized studies with primary
focus on these data as safety evaluations.

To accommodate heterogeneous terminology used within the literature to refer to subgroups
by race and ethnicity, we use the term Black throughout this analysis to refer to any
subgroup defined within studies as Black, African, African American, or of African
ancestry, and use the term White to refer to subgroups defined within studies as White,
Caucasian, European American, or of European ancestry. Other less frequently compared
groups in this literature are described using the terminology used in the original studies (e.g.,
Mexican, Puerto Rican, Latino, Asian).

We synthesized studies qualitatively and report descriptive statistics in summary tables. We
did not formally assess the methodologic quality of studies or risk of bias. To assess relative
population frequency of variants with significant allelic or genotypic effects on efficacy
and/or safety, we extracted data describing minor allele frequency (MAF) among the
subgroups from gnomAD.11

3. RESULTS & DISCUSSION

3.1 Article selection and overview

Of the 3158 papers retrieved by our searches, we identified 20 papers describing use of B,
agonists for this review (Figure 1). Whites were the group most commonly compared to
Blacks in this literature, with only a few studies analyzing a Hispanic or Latin American
comparison group. Most analyses used participant self-reported race and ethnicity or did not
provide operational definitions for these categories; only one analysis incorporated genetic
ancestry markers.12

3.2 Studies reporting clinical data, without a pharmacogenetics component

Sixteen papers compared efficacy and/or safety outcomes associated with short-acting p,
agonist (SABA) or long-acting B, agonist (LABA) therapy in Blacks as compared with other
subgroups, including clinical data only, without analysis of genomic variation (Table 2).
Eight of these papers did not report an operational definition for race and ethnicity;13-20 five
papers indicated self-report of race and ethnicity;21-2> and three papers defined race by

participant report that included both biologic parents, and all four biologic grandparents.
26-28

3.2.1 SABA Outcomes

3.2.1.1 SABA Efficacy: Seven papers assessed relative response to treatment with a short-
acting B, agonist (albuterol) among Blacks as compared with one or more other subgroups.
13,22,26-28 One paper focused on children and adolescents,28 one included both adolescents
and adults,?? three were restricted to adults, 132023 and two papers included data from all
three age groups.2’:28

Three papers reported an improved response to albuterol among Blacks as compared with
other groups.26-28 One paper, pooling cross-sectional data from the Study of African
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Americans, Asthma, Genes, and Environments (SAGE I1) and Genes-environments and
Admixture in Latino Americans (GALA I1) observational studies of children and
adolescents with asthma, found that Blacks were more likely to respond to a SABA
bronchodilator (response defined as = 12% increase and =200 mL increase in FEV;) as
compared with Mexican Americans.28 Two cross-sectional analyses from the first SAGE and
GALA observational studies assessed response to albuterol in children and adults with
asthma, 2728 finding that Puerto Ricans had lower response as compared with both Mexicans
and Blacks in both the overall group and in the subset of participants with FEV less than
80% of predicted (all p <0.001). In this same study, Puerto Ricans of all ages and the subset
of Black children with moderate-to-severe asthma had the lowest response to albuterol.
However, with regard to utility of concomitant therapy, inhaled corticosteroid use was
associated with augmented response to albuterol in Mexican Americans and Puerto Ricans
(both p<0.05) but not among Blacks; this signal remained after exclusion of those also using
a LABA.

One small cross-sectional study found significantly reduced responsiveness to albuterol
among Blacks as compared with Whites at 360 mcg (p<0.05) and 540 mcg (p<0.01); no
significant difference was observed at 180 mcg.20 Qualitative analysis of patient-reported
asthma experience at 540 mcg indicated persistent upper airway symptoms among 80% of
Black participants, while White participants’ data suggested reduction in symptoms.20

The remaining three papers found no difference between Blacks and Whites in their
response to a SABA, including a pooled analysis of 10 Asthma Clinical Research Network
trials,22 a medium-sized cross sectional study,23 and a small cross sectional study.13

3.2.1.2 SABA Safety: Our search did not identify any papers that analyzed differences in
SABA-related safety issues among Blacks as compared with other groups.

3.2.2 LABA Outcomes

3.2.2.1 LABA Efficacy: Two papers explored efficacy of LABA therapy in Blacks as
compared with other groups.1421 One of these analyses focused on children and
adolescents! and one included data from adolescents and adults.2

These two analyses found similar LABA efficacy among Blacks as compared with other
racial and ethnic groups. In a secondary analysis of pediatric and adult data from four RCTs,
asthma event rates were significantly lower for participants receiving budesonide plus
formoterol as compared with participants treated with budesonide alone, regardless of race/
ethnicity.2! In a randomized crossover trial, Hispanic and non-Hispanic White participants
were most likely to have best response to LABA step-up and least likely to have best
response to inhaled corticosteroids (ICS) step-up, while Blacks were equally likely to have a
best response to LABA or ICS step up therapy and less likely to have a best response to
leukotriene receptor antagonist (LTRA) step-up.14

3.2.2.2 L ABA Safety: Eight papers analyzed the relative safety of LABA therapy in racial
and ethnic groups, including Blacks;15-19.22.24.25 twg of these papers!819 used the same
dataset for analysis of differences by race and ethnicity and are discussed here together to
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avoid redundancy. Six of these analyses focused on adolescents and adults16:18.19.22.24.25 gpe
included children and adolescents,1” and one focused on children.1®

Two RCTs, a Cochrane review, and a pooled analysis of 10 RCTs, found serious increased
risk associated with LABA therapy among Blacks compared with other groups; these
analyses focused on adolescents and adults.18:19.22.24

In a recently published RCT, the incidence of a serious asthma outcome (composite of
asthma-related hospitalizations, intubations, and deaths) was similar between the two
randomized groups was equivalent among non-Blacks (0.6% in both groups), the incidence
was greater among Blacks receiving the LABA formoterol plus the ICS mometasone furoate
as compared with those receiving mometasone furoate alone (1.2% vs 0.4%).24 In this study,
the overall rate of asthma exacerbations was similar between subgroups by intervention.

Another RCT, the Salmeterol Multicenter Asthma Research Trial (SMART), was terminated
after interim analysis due to findings of serious increased risks among Blacks using
salmeterol, as well as difficulties in enrollment.18 This interim analysis indicated significant
differences between salmeterol and placebo groups among Blacks for a combined outcome
of respiratory-related death or life-threatening experience (20 vs. 5, RR: 4.1, 95% CI 1.54 to
10.9), a combined outcome of asthma-related death or life-threatening experience (19 vs. 4,
RR 4.92, 95% CI 1.68 to 14.45), and a combined all-cause death or life-threatening
experience (24 vs. 11, RR 2.17, 95% CI 1.06-4.41). No similar increases in risk associated
with salmeterol compared with placebo were observed among Whites.

Also reported in the SMART trial,18 the subset of Blacks not using ICS at baseline
experienced increased risk of combined respiratory-related death/life-threatening experience
(RR 5.61, 95% CI 1.25-25.26) and combined asthma-related death/life-threatening
experience (RR 10.45, 95% CI 1.34-81.58) with use of salmeterol as compared with
placebo, compared with those using ICS at baseline. No similar increases in risk were
observed among Whites. As calculated separately in the related Cochrane review,® Blacks
were at particular risk for respiratory-related death and life-threatening asthma events (i.e.,
intubation, mechanical ventilation) compared with Whites (RR: 3.9, 95% CI 1.29 to 11.84).
There was no significant difference in asthma-related deaths after LABA therapy between
the two groups found in the Cochrane review.

A report analyzing pooled data from 10 RCTs in the Asthma Clinical Research Network?2
revealed increased risk of treatment failures in Blacks compared to Whites during treatment
with LABAS (OR 2.36, 95% CI 1.38-4.02, p=0.002), with or without concomitant use of
other medications. There was also an increased risk of treatment failure among Blacks as
compared with Whites in the subgroup of patients receiving LABA plus an LTRA (OR 5.81,
95% CI 2.11-16.02, p=0.0007).

Three RCTs and one pooled analysis of RCT data did not find a significant difference in
safety among subgroups by race and ethnicity.15-17:25 Two RCTs comparing fluticasone
alone to fluticasone plus salmeterol in asthma, one including children® and one including
adolescents and adults,16 found no difference in serious asthma events in the overall study
cohort or among Black participants. The third RCT found similar risk of asthma
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exacerbation among Black patients receiving formoterol plus budesonide as compared with
those receiving budesonide only (0.851, 95% CI 0.608-1.192, p=NS); interestingly, the risk
of asthma exacerbation was significantly lower among Whites receiving the combined
LABA + ICS as compared with those receiving ICS only (0.8278, 95% CI 0.720-0.950,
p=0.007). Of note, none of these three RCTs were powered to detect noninferiority among
subgroups.

A pooled analysis of 41 RCTs exploring use of formoterol in children and adolescents with
asthma found no differential effect of race or ethnicity on hospital admission rates or
asthma-related adverse events between formoterol-treated and non-LABA-treated patients.’
Blacks tended to have higher hospital admission rates than Whites in both the formoterol
(1.57% vs 0.65%) and the non-LABA treated (2.63% vs. 0.67%) groups.

3.3 B2 Adrenergic agonists: Genetic variants and response.

In addition to these subgroup effects by race and ethnicity, we identified four papers
exploring effects of interaction between genomic variation and race on response to p,
adrenergic agonists in asthma, including one meta-analysis,2° one cross-sectional study,2
one secondary analysis of randomized controlled trial (RCT) data,3? and one genome-wide
association study (GWAS)3! (Table 3). One paper analyzed race by both self-report category
(including biologic parents and grandparents) and ancestry informative markers,12 one
defined race by participant report that included both biologic parents and all four biologic
grandparents,3! and the other two papers did not provide operational definitions for race and
ethnicity categories.2%30 These papers each focused on different age groups, including
children and adolescents;2%31 children, adolescents and adults; and adults.3°

Three analyses focused on SABA therapy (albuterol)12:29.31 and one on LABA therapy
(salmeterol). Two of these papers assessed effects of the c.46 A>G, p.Arg1l6Gly mutation in
the B, adrenergic receptor (ADRB2). A meta-analysis by Finkelstein et al.,29 which also
found no significant effect of the p.GIn27Glu ADRBZ2 variant on treatment outcomes,
observed a significant effect of c.46A>G, p.Argl6Gly genotype.

This analysis indicated a beneficial effect of Arg/Arg was most pronounced among Black
children treated with a SABA (OR 3.54, 95% CI 1.37 — 9.13) as compared with other races
and ethnicities. However, the gpposite effect of the c.46A>G, p.Argl6Gly genotype was
detected in a secondary analysis of RCT data in LABA-treated adults from the LARGE
clinical trial 22 This RCT data indicated that Black Arg/Arg adults treated with LABA plus
ICS showed a lack of improvement in AM and PM peak expiratory flow compared with
Blacks treated with placebo plus ICS. The same lack of improvement was seen for those in
the Black Arg/Arg subgroup treated with LABA only as compared with placebo. However,
Black Gly/Gly participants treated with a LABA plus inhaled corticosteroids had significant
improvement in AM and PM peak expiratory flow as compared with those treated with
placebo plus ICS; the same trend was seen for Blacks with LABA only as compared with
placebo. These effects were not observed in the overall study group or the White subset of
participants in this RCT. Of note, the Arg allele is also somewhat more prevalent among
Blacks as compared with Whites (Table 4).
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A cross sectional analysis of pooled data from the SAGE and GALA studies assessed the
effects of SNPs in interleukin-6 (/L6) and the /L6 receptor (/L6R) on response to albuterol
among children and adults with asthma.12 The C allele of /L6 promoter region variant c.
-572G>C (rs1800796), known to affect /L6 gene expression and serum levels,32-35 was
associated with lower drug response (change in FEV1 < 12%) among Mexicans (p=0.02); no
significant effect of this variant was found among Puerto Ricans or Blacks. The C allele is
also more prevalent among Latinos as compared with Blacks (Table 4). The A allele of
c.486T>A, p.Asp162Glu (rs13306435), a variant affecting /L6 binding to gp130,36:37 was
associated with reduced risk of lower treatment response among Mexicans but allele
frequency was too low to analyze data from other subgroups. Finally, an /L6and /L6R gene-
gene interaction was associated with increased drug response to albuterol among Latinos,
but lower drug response among Blacks.

Finally, the GWAS study employed data from the SAGE Il and GALA Il studies and found
ten unique loci, including 27 SNPs, associated with albuterol response in the overall
population; however, none of these associations were significant in subgroup analyses by
race and ethnicity and none replicated in five additional independent populations, including
a meta-analysis of those samples.3!

3.4 Key findings

Although the issue of troubling and persistent health disparities among several minority
populations is well-established, this review demonstrates both the use of existing evidence to
detect effect signals, as well as the complexities involved in synthesizing these data. Several
key issues such as small sample sizes, limited subgroup analyses, and likely heterogeneous
populations limit the amount of synthesis possible. While mixed signals regarding
differential effects among Blacks are difficult to align in a consistent direction given the
limited data, this review underscores that important differences may exist and that clinicians
should be aware in treatment planning and especially monitoring for safety issues.

While the literature is relatively small, data regarding the efficacy of SABA therapy in
Blacks seems somewhat encouraging, though a cross sectional study indicating reduced
responsiveness to albuterol among Blacks as compared with Whites suggests that further
evaluations may be warranted, and informative. Further, any divergent safety signals
associated with SABA therapy among Blacks appear to be underexplored at this time.

However, an increased risk of severe adverse outcomes among Blacks using the LABA
salmeterol is concordant with the current FDA-mandated black box warning for this agent
when used alone. The FDA recently removed the black box warning about increased risk of
asthma-related death from products combining a LABA with a glucocorticoid based on four
trials evaluating these outcomes.38 Of note, these trials were underpowered to detect
noninferiority in racial subgroups.

Of interest for future research, while SABAs or LABAs may represent as only one
component of a stepwise approach to management of asthma that incorporates multiple
agents for more complex disease,3° evaluations of differences in outcomes by race and
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ethnicity for combination therapeutic approaches are also relatively sparse in the current
literature.

Despite the small number of studies exploring pharmacogenomic influences on safety and
efficacy of the B, agonists, variation in minor allele frequencies (MAF) between populations
by race and ethnicity is striking, suggesting that underlying genetic variation may be
contributing significantly to variation in observed clinical outcomes during clinical
treatment. Consideration of variation in MAF should be explicitly incorporated into further
study of these agents’ safety and efficacy in diverse groups to promote understanding of how
variants may help inform optimization and personalization of treatment planning.

Further, while the current work did not systematically explore the literature related to the
efficacy and safety of the B, agonists in those of Hispanic ethnicity, we uncovered initial
data indicating disparate signals among Mexicans and Puerto Ricans. These incidental
findings suggest the potential for significant value in future research devoted to systematic
assessment of differences in asthma treatment outcomes in individuals from Hispanic and
Latino subgroups.

3.5 Limitations

This review is subject to several limitations. Studies yielding data regarding possible racial
disparities in clinical effects of B, agonists, as well as genetic modifiers, are affected by
relatively low sample sizes, especially within subgroups, including race and ethnicity as well
as age groups, suggesting that this literature’s power to detect the full spectrum of predictors
of efficacy and safety among Blacks is limited. Our approach did not include risk of bias
scoring; future work may further assess this area to better estimate potential effects of bias
on results as the relevant literature grows. Heterogeneity of studies also precluded
quantitative analysis of results beyond the pooled analyses included in this review.
Importantly, while differing presentations of asthma by patient age have important clinical
implications, the relatively small size and heterogeneity of this literature precludes any
meaningful differentiation between efficacy or safety among children, adolescents, and
adults with asthma. Further, many studies did not include operational definitions for race and
ethnicity categories, thus limiting assessment of heterogeneity related to this methodology.

We also limited our analysis to studies including both Blacks and another comparison group
by race/ethnicity to allow for an assessment of relative risk. Though beyond the scope of our
current review approach, there is an additional segment of the evidence that may provide
additional insights for future hypothesis generation study design, and selection of
pharmacogenetic markers to inform clinical practice - studies of SABA or LABA therapy
that included only Black patients.0-44

4. |IMPLICATIONS

Both types of B, agonists considered here are key components of the National Heart, Lung
and Blood Institute’s guidance for the treatment of asthma.39 Given the persistent disparities
in health outcomes among Blacks affected by asthma,! efforts to increase our understanding
of systematic differences in treatment response among Blacks are essential. Further well-
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powered research investigations are called for, which should prioritize exploration of relative
safety, efficacy, and potential pharmacogenomic modifiers of response to B, agonists among
Blacks. Background differences in allele frequency and effects by race and ethnicity must
also be incorporated into future studies. In addition to making progress toward achieving our
national goal of reducing asthma disparities among Blacks,*® this strengthening of our
collective evidence base would enable the formulation of more tailored and effective asthma
treatment plans.
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Figure 1. Disposition of studies identified for this review

n=20 >

Full-text articles excluded, with reasons*
n =590

Not original research
n =260

Did not address a drug class of interest
n=865

Did not address Blacks or addressed only
Blacks without a comparison group
n =486

Addressed a drug class covered by a separate
review**
n=53

Identified as a duplicate reference during data
extraction
n=2

*Numbers do not tally as studies could be excluded for multiple reasons.

Abbreviations: n = Number.

** This review was part of a larger project including quasi-systematic reviews on two other

drug classes, atypical antipsychotics® and statins.

Legend: This figure illustrates the review process, including the disposition of all articles
during each step of the process as related to the systematic application of inclusion criteria.
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Table 1.

Inclusion criteria for the review

Category

Criteria

Population

Black adults or children (including study-defined, self-reported or defined in-study via genetic ancestry approaches
(e.g., genotyping ancestry informative markers, using the program STRUCTURE)) receiving pharmaceutical
agent(s) of interest, short or long acting B, agonists.

Publication languages

English only

Admissible evidence
(study design and other
criteria)

Admissible designs

Analyses of racial/ethnic response variation: systematic reviews, meta-analyses, database or registry studies,
comparative studies (randomized controlled trials (RCTSs), prospective or retrospective cohort studies, case series)
Clinical trials with racial/ethnic subgroup analyses: RCTs, prospective or retrospective cohort studies, case series

Other criteria
Original research studies providing sufficient detail regarding methods and results to enable use and aggregation of
the data and results

Studies must have relevant population

Studies must address one or more of the following:

-Analyses of therapeutic response by race/ethnicity

-Analyses of safety by race/ethnicity

Studies must include comparison with at least one other race/ethnicity group
Relevant outcomes must be able to be extracted from data in the papers

Study published January 2000 — July 2019 *

*
Legend: This table describes the detailed criteria the team employed to select literature for inclusion in this review. The year 2000 was selected as
a start date based on the rationale that pharmacogenomics analyses were likely to be rare before this date.
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