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Abstract

Asthma is a common chronic disease without cure. Our
understanding of asthma onset, pathobiology, classification,
and management has evolved substantially over the past
decade; however, significant asthma-related morbidity and
excess healthcare use and costs persist. To address this
important clinical condition, the NHLBI convened a group of
extramural investigators for an Asthma Research Strategic
Planning workshop on September 18-19, 2014, to accelerate
discoveries and their translation to patients. The workshop
focused on (I) in utero and early-life origins of asthma, (2) the
use of phenotypes and endotypes to classify disease, (3)
defining disease modification, (4) disease management, and
(5) implementation research. This report summarizes the
workshop and produces recommendations to guide future
research in asthma.

Keywords: asthma; prevention; phenotype; disease modification;
implementation

At a Glance

Scientific Knowledge on the Subject: This report
summarizes the Workshop participants’ discussions,
recommendations, and priorities for future research in asthma.

What This Study Adds to the Field: The report represents a
collective body of scientific expert opinion conveyed to the
NHLBI for use in strategic planning. The recommendations
will be of interest to the scientific, professional, and patient
communities because they constitute a summary of the
directions asthma research may take in the near future.

Since the NHLBI last convened an asthma  available evidence that reflects the advances (2, 3). For example, research has

research planning workshop in 2003 (1),
the NHLBI and other organizations have
made a number of efforts to summarize

and gaps in our understanding of the onset identified prenatal and early childhood
of asthma, and its pathobiology,
classification, management, and research

environmental, genetic, and immune risk
factors for the development of asthma that
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act in concert, and perhaps sequentially,
at critical developmental time points to
determine an individual’s risk for the
development of disease. Nevertheless, we
remain uncertain how to prevent the onset
of asthma, while recognizing that primary
prevention of asthma is one ultimate goal
(4). Ideally, preventing or perhaps
encouraging specific environmental
exposures at critical time points in
developmental pathways would allow us to
prevent the onset of asthma (Figure 1).
Once a diagnosis is established, patients
were traditionally classified as having mild,
moderate, or severe asthma. We now refine
the classification to reflect disease
heterogeneity and the biological basis of
such heterogeneity using clinical and/or
molecular phenotypes. The current
approach may allow us to make more
informed treatment decisions that will
modify or reverse the disease (i.e., disease-
modifying asthma therapies) (Figure 1),
rather than simply relieving symptoms
temporarily. Until we can prevent asthma
or modify existing disease, patient care will
remain challenging because of our inability
to predict or prevent exacerbations and
the persistence of substantial barriers to the
translation of scientific evidence into the
everyday lives of patients. On September
18-19, 2014, the Division of Lung
Diseases of NHLBI convened a group of
extramural investigators to discuss their
recommendations for the direction(s) of
future asthma research and to identify
opportunities for scientific advancement.
Workshop participants were divided
into working groups that focused on five

areas of asthma research: asthma origins and
primary prevention; phenotypes and
endotypes; disease modification;
personalized asthma control strategies and
management; and implementation research.
Each working group identified barriers to
progress and made recommendations for
future research. During the workshop,
several cross-cutting themes and associated
research questions emerged from the
working groups. This report provides a
summary of the workshop participants’
discussion and cross-cutting themes, as well
as their recommendations and priorities for
future research in asthma

Asthma Origins and Primary
Prevention

As a multifactorial disease, asthma onset,
severity, and natural history vary,

which reflects the combined effects of
development-specific exposures (e.g., in
utero vs. early-life vs. childhood exposures)
and host responses to those exposures
(4-6). Despite this heterogeneity, most
asthma manifests in the preschool years;
therefore, asthma origins and primary
prevention research have focused on
childhood onset of the disease. Although
many epidemiological, genetic, environmental,
and immune risk factors for asthma are
known, distinguishing which are causal, and
how these factors interact and lead to overt
disease remains poorly understood. In clinical
investigations, specific questions to be
addressed include identifying which risk
factors are causal, the mechanisms through

which these factors initiate asthma, and
how combinations of exposures interact to
ultimately initiate disease. Studies that
address both the relevance of specific
developmental windows and the
importance of coincident exposures are
also necessary to understand the etiology
of asthma. To do so, metrics for the
exposome, originally defined as
“encompasses(ing) life-course
environmental exposures (including
lifestyle factors), from the prenatal period
onwards,” (7) will be needed. Incorporating
comprehensive longitudinal exposure data
(with relevant exposure specificity, time,
dose, and frequency) collected from the
prenatal period through the onset of
asthma into rigorous analyses in a
meaningful way remains a challenge.
Furthermore, investigation into the role
of extrapulmonary organ systems on the
development of asthma through unique or
shared mechanisms could provide insights
into important developmental pathways.
Current barriers to our understanding
of the origins of asthma include the
limitations on clinical research that are
permissible during gestation and the
perinatal period, inadequacies of animal
models in recapitulating the onset of human
disease, and differences between human and
experimental animal developmental stages.
For example, although mouse allergen
challenge models recapitulate many features
of sensitization and allergic lung responses,
acute exposures in mice differ substantially
from the chronic/intermittent and diverse
exposures antecedent to the onset of asthma
in humans. Therefore, the utility of animal
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Figure 1. Preventive strategies and disease-modifying therapies for asthma. The immune system and lung structure pathobiology in asthma arise from
developmental pathways and exposures. Asthma exacerbations and progressive decline of lung function are morbid outcomes for asthma. Standard
treatment is focused on reversing bronchoconstriction with B-adrenergic agonists (relievers) and treating inflammation with corticosteroids (long-term
controllers) to alleviate the downstream signs and symptoms of asthma. Disease-modifying asthma therapies target upstream effectors and mechanisms
underlying asthma pathobiology. Preventive strategies require understanding of the critical windows of environmental exposures over the life-course and
the personal biological predispositions that put individuals at risk for development of asthma or its progression.
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models to elucidate the origins of asthma is
limited, particularly when assessing potential
interventions for the primary prevention of
asthma.

To address these issues, the following
recommendations were made:

1. Develop methods to assess the
developing human infant immune
system and lung.

2. Define the critical windows in human
development when environmental
exposures are most likely to increase the
risk of asthma or its onset, specifying
the relevance of interactions between
specific risk factors and the timing
(critical window) of the exposure.

3. Elucidate the critical windows in human
development when non-environmental
risk factors cause or influence the onset
of asthma, specifying the relevance of
interactions between specific risk factors
and the timing (critical window) of the
exposure.

4. Test in utero or early-life strategies
targeted to mitigate potential
determinants of asthma onset (primary
prevention).

5. Generate and evaluate methods to
measure and analyze the asthma-
relevant “exposome” at different stages
of human development (e.g., determine
how peripubertal changes in the
exposome differ by sex and the
associated differences in immune
response, lung development, and the
onset of asthma).

Asthma Heterogeneity:
Phenotypes and Endotypes

Several approaches have been taken to
classify the disease heterogeneity observed
in patients with asthma (8-12). For
example, cluster analyses, which define
sets of patient characteristics based on
mathematical modeling to create clusters,
have been used within specific cohorts.
However, in clinical practice, prospective
application of cluster analyses to individual
patients has limited utility because of

the granularity of phenotyping and
analytical approaches used to aggregate
candidate variables into a cluster. In
addition, the natural history of phenotypes
over the life span and the longitudinal
course of phenotypes with treatment and
among racially or ethnically diverse
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populations remain unclear. The potential
integration of technologically advanced
data (e.g., molecular or “omics” data or
other biomarkers) to refine phenotypes into
endotypic clusters further complicates the
classification of disease. For example,
patients may be characterized as having
“type 2-high” asthma on the basis of elevated
gene expression of markers of type 2
inflammation in airway epithelial cells or
on the basis of type 2 cytokine expression
in bronchial biopsies (13). Nonetheless,
type 2-high patients may be similar to
type 2-low patients (as defined by gene or
cytokine expression) if they are compared
on the basis of lung function or
hyperresponsiveness. Moreover, the
analytical approach to classification may
be modified based on the purpose (e.g.,
predicting patient response to therapy)

or disease status (e.g., patient on
immunomodulatory therapy or having

an exacerbation) (13-15).

Endotyping and phenotyping research
requires well-characterized cohorts with
appropriate representation of the spectrum
of disease and modifying factors, as well as
bioinformatics and computational biology
expertise. The complexity of managing large
data sets, including access to electronic
medical record data and lack of data
harmonization among large cohort studies
create significant barriers to progress.

To address these issues, the following
recommendations were made:

1. Sustain basic and translational research
into the mechanisms underlying
endotypes and phenotypes of asthma,
including, but not limited to, the
molecular phenotypes that underlie
type 2-low asthma.

2. Develop new models for molecular
phenotyping, including organotypic
cultures of cells from patients.

3. Foster public-private scientific
collaborations between academia and
industry to uncover endotypes in
human asthma as revealed by the
increasing use of newly developed
type 2-specific antagonists.

Disease Modification

Although asthma therapeutics have

been traditionally identified as either
“controllers” or “relievers,” this
dichotomous classification does not address

the therapeutic potential to modify the
underlying disease. Ideally, disease-
modifying asthma therapies (DMATS)
should target fundamental pathobiological
mechanisms involved in asthma and/or
pathologic alterations in lung structure.
Evidence suggests that the mucosal immune
system (16), and specifically airway
epithelial-derived signals, play a pivotal role
in asthma (17). In addition, dysregulation
of innate antiviral defenses (17) and/or the
role of type 2 inflammation are important
features of disease pathobiology in many
individuals with asthma.

To achieve disease modification,
disruption of the critical mechanisms of
disease is likely to be necessary, and the
timing of such disruption may also be
important. Mouse models suggest that
innate lymphoid cells (ILCs), which respond
to epithelial-derived signals to mediate
allergic airway inflammation (18, 19), may
be useful to target the mucosal immune
system. Although ILCs have been identified
in the healthy human lung (20) and among
patients with asthma (21), more research
is needed to understand the role of ILCs
in asthma, to quantify the degree of
dysregulation in mucosal immunity, and to
assess epithelial integrity (22) in human
subjects. Moreover, the relationship
between critical mechanisms of disease and
clinically meaningful disease manifestations
or outcomes requires further exploration.
For example, airway remodeling can be
an early event in the natural history of
asthma, but it is often dissociated from
inflammation or airflow limitations (23,
24). Finally, as described in the AsTHMmA
HETEROGENEITY: PHENOTYPES AND ENDOTYPES
section, although the type 2-high
phenotype (characterized by elevated gene
or cytokine expression of markers of type 2
inflammation in airway epithelial cells or
bronchial biopsies, respectively) has been
targeted to modify disease, our
understanding of the type 2-low phenotype
and mechanisms of disease that are
independent of type 2 inflammation
continues to be a challenge.

To address these issues, the following
recommendations were made:

1. Promote investigation of asthma by
multidisciplinary groups of scientists
and clinicians with diverse expertise,
and the ability to use new tools and
animal models to explore the
heterogeneity of disease mechanisms,
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identify the critical pathobiological
mechanisms of disease, and understand
the dynamic interactions between such
processes.

2. Evaluate the relationship between
pathobiological pathways and clinical
manifestations of disease to enable the
identification of appropriate targets for
DMATs.

3. Assess critical windows for disease
modification and clarify when end-
effector mechanisms (e.g., smooth
muscle structure or function, mucous
production, or airway fibrosis) are
reversible or modifiable.

Personalized Asthma Control
Strategies and Management

As indicated by the asthma phenotypes
and endotypes working group, there is
substantial heterogeneity in “asthma,” and
this heterogeneity is reflected by a broad
range of therapeutic responses in clinical
trials (8, 25-27). Such heterogeneity makes
it challenging to manage asthma,
particularly in the absence of prognostic
indicators. Moreover, diagnostic
biomarkers that could be of great value for
young children and for determining the
earliest origins of disease (28) are also not
yet available. Individualized, evidence-
based approaches to managing asthma on
the basis of disease endotypes are lacking
(29-33), as are approaches to management
in diverse healthcare settings. In addition to
cross-sectional approaches to defining an
individual’s disease characteristics, there is
a paucity of longitudinal research linking
molecular mechanisms and environmental
exposures with clinical manifestations of
disease (such as lung function changes or
exacerbations) that might improve our
understanding of the heterogeneity of
responses to treatment.

For precision in asthma management,
more mechanistic approaches to care are
needed. These new approaches would be
based on an integrated understanding of the
individual patient’s biological mechanisms,
including the interplay among the
exposome, genetics, epigenetics, immune
response, psychosocial support and lung
physiology. To address these issues, the
following recommendations were made:

1. Design nontraditional clinical trials
to identify the causes of disease

NHLBI Workshop

heterogeneity and to facilitate the
discovery of diagnostic and prognostic
biomarkers.

2. Evaluate alternative methods to assess
risk factors, mechanisms, and predictors
of heterogeneity in the response to
treatment, including medication-related
adverse effects and morbidity.

3. Identify effective longitudinal asthma
management models that integrate
essential components of care (e.g.,
diagnosis, monitoring, education,
exposures, medications, adherence) to
prevent asthma, improve asthma
control, or mitigate disease progression
while improving efficiency and
adaptation over time.

4. Asthma control strategies and
management models should address the
needs and behaviors of patients of all
ages (soliciting patient feedback to do
s0), with different social, economic, and
cultural backgrounds in a variety of
healthcare settings.

Implementation Research

Implementation research investigates the
processes by which evidence results in the
modification of patient care (34). In asthma,
implementation research integrates the
relevant context in which care occurs, the
needs and concerns of patients, the most
appropriate provider and location for care
to occur, and the organizations and
communities in which patients live and
care providers work. Current examples of
advances made through implementation
research include interventions to achieve
evidence-based practices in some
communities (35) and use of school
programs (36, 37) for children with asthma.
Other examples have defined modifiable
barriers that may be addressed to improve
asthma care (38).

Despite significant advances in our
understanding of the management of
asthma over the past decade, there are
numerous barriers to translating the efficacy
measured in randomized clinical trials into
the everyday lives of patients. One key issue
is that advances in therapy have not been
equally distributed among different racial
and ethnic groups. In particular, recent
improvements in asthma outcomes are
larger among non-Hispanic white
Americans than among African Americans
(39). Systematic reviews have shown that

many healthcare providers do not adhere to
clinical practice guidelines, and efforts to
improve providers’ compliance have had
limited success (40). In addition, many
interventions are now available for broad-
scale dissemination, but these interventions
lack an efficient mechanism for
dissemination. The establishment of
standard definitions of asthma outcomes
based on collaboration among investigators,
NHLBI, and National Institute of Allergy
and Infectious Disease (41) may facilitate
comparative effectiveness research
particularly when interventions are
disseminated across different communities.
Despite previously weak incentives that
have impeded implementation, current
secular influences, most notably the
Affordable Care Act (42) and Patient-
Centered Outcomes Research Institute
(PCORI) have created opportunities to
which the asthma research community
should respond.

To address these issues, the following
recommendations were made:

1. Create a continuous learning/training
collaborative of implementation
researchers with the following goals:

a. Develop new study designs and
methodologies that enable the
integration of evidence into clinical
practice efficiently while assessing
implementation outcomes to meet
the dynamic needs of patients with
asthma. This will require patient
engagement in the research
process.

b. Investigate best practices for the
dissemination of scientific
discoveries and evidence-based
practices in a variety of clinical care
settings.

c. Study how novel models of health
care and its delivery promote
implementation and dissemination
in vulnerable and underserved
populations that have a
disproportionate burden of asthma,
as well as in novel contexts, including
nonmedical facilities (e.g., school,
community center) and alternative
healthcare providers (e.g., patient
navigator, community health
worker).

2. Develop a standard training curriculum
within the implementation research
collaborative for junior investigators to
learn how to overcome challenges and
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attain success in implementation
research.

3. Establish a comparative cost-
effectiveness core center within the
collaborative that uses a systematic
approach to compare various
interventions for asthma.

Cross-Cutting Themes to
Direct Future Research

Throughout the workshop and in the
discussions of all of the working groups,
several common recommendations emerged
that merit further discussion because of
the potential for synergistic advances in
asthma research.

Informatics

The importance of advancing the use
of informatics tools to enable asthma
research was emphasized. One goal was
to allow the creation, harmonization,
and merging of large datasets,

including prospective patient
populations and existing administrative
or electronic health record data. This
would enable the identification of
phenotypes on a population level

using existing data. Enrollment of
homogenous patient populations in
clinical trials could be facilitated by
such phentoypes. Ideally, these large
datasets would also integrate existing
clinical and “omics” data (e.g., genomic,
proteomic, lipidomic, and microbiomic).
Of critical importance, such datasets
would require the use of a harmonized
set of terms to define patient
characteristics and outcomes, and
provide links to available standardized
protocols and repositories for
biospecimen collection in current and
future asthma cohorts. Such rigorously
collected and integrated data would

be useful to further clarify the
heterogeneity of disease to allow
development of predictive indexes to
target populations at risk for disease
development, DMATSs, and new
approaches to asthma management that
account for the healthcare setting.
Similarly, a registry of data from the
electronic health records of patients
with asthma would provide insight into
the current state of asthma care/practices
across the nation and promote planning
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of how to scale and efficiently implement
discoveries to the population level.

Longitudinal Cohorts

The need for longitudinal cohorts

of patients with asthma was also
recommended for several purposes. First
is to better understand the origins of
the disease and the interdependence of
both disease-promoting and disease-
suppressing exposures and developmental
changes over the lifespan. Such cohorts
would also allow investigation of the
durability and natural history of clinical
phenotypes and molecular endotypes
from infancy to adulthood, and help
predict individuals at high risk for
severe disease. Longitudinal collection

of biospecimens would also allow for
identification of predisease biomarkers
and DMATS s at different stages of life
for patients with a variety of phenotypes.

Translational Research

The promotion of translational research
incorporating multidisciplinary teams
was also championed. For example, clinical
phenotypes and molecular endotypes
could be prospectively validated using
evidence-based clinical management
strategies to improve asthma care across
the severity spectrum. Such teams would
require the promotion of training to fill
knowledge gaps, such as information
technology skills to create user-friendly
large datasets. Investigators with expertise
in molecular phenotypes would need to
engage in research planning with the
informatics, genetics, clinical, and drug
development experts. Such efforts may
be useful to identify novel approaches
to defining biomarkers for predicting
the response to treatment or the disease
course.

Mechanisms of Disease

Although much has been learned in the
last decade regarding the underlying
mechanisms of asthma, the principal
focus has been on type 2-high asthma.
With the remarkable development by
industry of several new therapeutics that
target molecular mechanisms for type 2
immune responses, their translation to
clinical practice will provide a virtual
learning laboratory for the importance
of type 2 immunity in asthma. Renewed
efforts for basic and translational research
are needed for type 2-independent

mechanisms in asthma, including
immune, neural, and structural
mechanisms, as well as developmental
and regenerative pathways. These and
other precision interventions and tools
will allow for the clarification of type
2-dependent and -independent pathways
in the pathobiology of asthma
exacerbations, underlying disease, and
progression.

Prevention, Disease Modification, and
Cure

Asthma remains without primary
prevention or cure. Multidisciplinary teams
should be encouraged to investigate early-
life events, including environmental
exposures, to identify high-risk patients
and populations to target for primary
prevention. In the near term, new
mechanistic-based therapies offer promise
for a new era of disease modification with
reductions in asthma morbidity, including
improved quality of life, lung function,
and reduced risk of exacerbations even for
those with severe, persistent disease.
Implementation research on the delivery
of current asthma medications and new
DMATs will also be needed to realize the
full potential of existing and emerging
therapies. Finally, long-term approaches
to disease modification will enable the
ultimate goal of asthma secondary
prevention and cure.

Conclusions

The emerging themes from the workshop
are intended to be a challenge for
investigators to connect technological
advances to the understanding of asthma
pathobiology for disease management and
its eventual dissemination to the general
population. The ultimate goals are to
develop effective strategies for the primary
prevention of asthma and to discover or
create precision interventions for asthma
patients that optimize airway function and
the health of individuals and their
communities. These priority topics will be
used to create a strategic approach for
asthma research to achieve these goals,
thereby improving patient outcomes and
reducing the public health burden of
asthma.

Author disclosures are available with the text
of this article at www.atsjournals.org.
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