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Purpose: With the advent of biological therapies, emerging concepts regarding establishing new targets in asthma management, such
as disease modification, have entered the debate among the scientific community. The definitions that form the conceptual basis of this
goal need to be agreed upon.

Methods: A multidisciplinary expert group was assembled as the steering committee. A systematic literature review was conducted to
identify the scientific background for constructing appropriate definitions. Based on the literature review and the clinical experience of
the experts, the committee built a list of statements that could be applied to establish the definition of disease modification in asthma.
After that, a Delphi validation was performed to assess the appropriateness of the list of statements. The questionnaire included a total
of 22 statements, divided into “Essential criteria for disease modification in asthma” (5 statements) and “Disease modification
indicators and other considerations” (17 statements). Panelists used a 9-point Likert scale to measure agreement on each statement.
The cut-off point for high consensus was defined as a minimum score of 7 and had to be reached by at least two-thirds of the experts.
Results: A total of 192 asthma experts voted on statements anonymously. Of those, 104 (54%) were Pneumologists, 65 (34%) were
allergologists, and 23 (12%) were Pediatricians. An interim analysis of round 1 data was performed. All statements reached consensus
on the first round, with a median score above 7 in all cases.

Conclusion: In conclusion, in this Delphi study, a large number of experts in the management of severe asthma from different
specialties agreed on the clinical-functional and pathophysiological aspects to be considered in order to try to achieve disease
modification.
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Introduction

In the era of biologics, asthma management has evolved substantially as the underlying mechanisms of the disease have
been identified with acceptable accuracy. Therefore, treatment can be targeted in a personalized way for most patients.’
This personalization and higher thresholds of efficacy and effectiveness have led us to introduce concepts such as
remission.” However, in analyzing the response to biologics in asthma, we note a lack of unity in establishing which

components should be included and the magnitude of improvement that can be considered sufficient to achieve that

3-7
goal.
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Now that future perspectives on asthma management are under debate, we would like to raise a question that goes
even deeper into the foundations of the goal to be pursued: are current (and future) treatments capable of modifying the
disease? This assumption arises naturally if we consider that biological treatments have, under certain circumstances, the
capacity to induce remission in asthma patients, but what are the implications of achieving this state for the long-term
evolution of the disease?

In asthma, approaches such as allergen immunotherapy have opened the door to disease modification in specific
patient subgroups. However, clinical evidence is still modest.® Yet, disease modification is a mature concept in other
pathologies, such as immune-mediated inflammatory diseases (IMIDs). In this case, two domains are established that
allow us to characterize the disease: activity and damage. In inflammatory diseases mediated by immune dysregulation,
activity strongly marks the signs and symptoms of the disease. In addition, it has been observed that sustained
uncontrolled activity triggers damage to the affected tissue.’ In the case of asthma, we might assume that, at least in
a proportion of patients, this activity-damage binomial might reflect what is happening at the bronchial level (Figure 1).
Thus, by activity, we might include exacerbations (and the associated need for corticosteroid use), significant asthma
symptoms, and bronchial hyperresponsiveness, and this activity could be identified, among others, by ACT, elevation of
biomarkers such as the fraction of exalted nitric oxide (FeNO) and eosinophilia (Eos) in blood or sputum or other
markers.'®'? On the other hand, steadily insufficient control of this activity may be linked to damage to bronchial tissue,
known as airway remodeling."? In this case, such damage could be reflected in the loss of forced expiratory volume in
1-second post-bronchodilator (post-BD FEV)), structural alterations detected by imaging techniques,'* biopsies,'” or
other methods such as oscillometry,'® and emerging biomarkers as galectins.'” Although this cause-effect approach
between activity/inflammation and damage may be acceptable in a large proportion of patients, given the enormous
heterogeneity of asthma, in some cases, there may be alternative processes where damage is not linked to high detectable
activity, or high activity does not a priori generate great damage.'®

Airway obstruction deserves a separate mention, given its multifactorial etiology. In some cases, it will indefea-
sibly be the product of airway narrowing because of the remodeling process, which includes smooth muscle
hyperplasia, basement membrane thickening, and sub-epithelial fibrosis, principally.'®?® Alternatively, it may be
predominantly due to mucus accumulations or plugs linked to interleukin IL-13 activity, mucin expression, and
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Figure | Proposed scheme to reflect activity and Damage in severe asthma. Model created by the authors.
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extracellular traps produced by eosinophils.?'* Obstruction can be caused by both activity and cumulative damage to
bronchial tissue.

The role of biologics in activity control seems clear, provided that each patient’s phenotype is correctly identified.**
What role they might play in modulating, halting, or, more interestingly, reversing or preventing damage remains to be
elucidated. Some studies have generated results that give us a glimpse of the possible effects of airway remodeling and
progressive loss of lung function.*” Furthermore, some results indicate that, among the predictors of good response, time
from diagnosis and baseline lung function are important for achieving a complete response, suggesting that an earlier
start is better.”® Therefore, there are two lines of work: the first is to establish which definitions apply to the concept of
disease modification so that, unlike in remission, all specialties involved in the management of asthma have the same
conceptual starting point. The other line of work should encourage studies to be conducted to assess the reduction in lung
function decline, analyzing associated baseline characteristics and risk factors. Some studies are aimed at this end, some
of which integrate clinical parameters with structural analysis through imaging techniques.?’ 4

Focusing on establishing unified theoretical definitions of disease modification, we have coordinated a working group
to validate a list of statements that we consider key to determining the basis for this concept. We then subjected its rigor

and validity to a Delphi consensus process.

Methods

This study used a Delphi method to reach an expert consensus on the definition of disease modification in asthma. The
Delphi consisted of four phases: selection of an expert panel, systematic literature review, development of surveys, and
iterative processes to obtain consensus.

A board of eleven experts (six allergists, four pulmonologists, and one pediatrician) was appointed to the scientific
committee. During the first meeting, the experts discussed and clearly defined the scope and methodology to follow.

A systematic literature review was conducted using PRISMA guidelines.>> The board systematically searched
PubMed, Medline, and Embase to identify articles published between January 1%, 2000, and May 31, 2024 (inclusive)
that contained keywords relating to disease modification, remission, asthma, biologic therapies, and airway remodeling.
Two reviewers independently screened the results based on the titles and abstracts and then assessed the eligibility of the
publications.

During the second meeting, based on the literature review and the clinical experience of the experts, the committee
convened to draw up a list of statements that could be applied to establish the definition of disease modification in
asthma, which was revised to minimize redundancies and ensure clear and consistent wording. These included a total of
22 statements, divided into ESSENTIAL CRITERIA FOR DISEASE MODIFICATION IN ASTHMA (5 statements) and
DISEASE MODIFICATION INDICATORS AND OTHER CONSIDERATIONS (17 statements). Panelists used
a 9-point Likert scale to measure agreement on each statement, with 1-3 indicating strongly disagree/not appropriate,
4-6 neither agree nor disagree/neutral, and 7-9 totally agree. The cut-off point for high consensus was defined as
a minimum score of 7 and had to be reached by at least two-thirds of the experts (66.6%). Thus, any statement reaching
a score of 1, 2, or 3 would achieve consensus on disagree/not appropriate, those scoring 4,5 or 6 should be restated and
go through a second round of validation, and those scoring 7,8 or 9 would achieve consensus on agree/appropriate.
Finally, the analysis of the data and the preparation of the final Delphi report were conducted with the support of
a methodology expert.

The questionnaire was submitted to the asthma network groups of the main Allergology (SEAIC), Pneumology
(SEPAR), and Pediatrics Pneumology (SENP) Scientific Societies in Spain.

The study was reviewed and approved by the Clinical Research Ethics Committee of the Santa Maria del Rosell
University Hospital (Cartagena University Hospital Complex, Cartagena, Spain), Health Areas I and VIII of the Murcian
Health Service (CEI 24-78. DELPHI. 27/03/2024). Informed consent was obtained from the participants, and it was
carried out following the guidelines established in the Declaration of Helsinki.
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Results
A total of 192 experts voted on statements anonymously. All (100%) completed the full set of questions. Of those, 104
(54%) were Pneumologists, 65 (34%) were allergists, and 23 (12%) were Pediatricians. The average number of years of
experience of the participants was 18.7. All participants belonged to the asthma groups of the above-mentioned scientific
societies.

All statements reached consensus on the first round, with an average score above 7 in all cases. The results are shown
in Table 1. Seven out of 22 statements reached a median score of 9 (maximum score), and 14 scored a median of 8,
showing a wide degree of consensus. This is a remarkable result, considering the number of participants and the
multidisciplinary nature of the sample.

Table | Statements with Respective Levels of Consensus Reached During First Round

ESSENTIAL CRITERIA FOR DISEASE MODIFICATION IN ASTHMA N = 192
Scor N and % of
7-9 agreement
Mejoria completa de los signos y sintomas. Complete improvement of signs and symptoms. 9 180 (93)
Normalizacion en los biomarcadores/actividad bioldgica. Normalization in biomarkers/biological activity. 8 159 (83)
Reversion de la hiperreactividad bronquial. Reversal of bronchial hyperresponsiveness. 8 161 (83)
Mejoria o estabilizacion de las anomalias estructurales de las vias respiratorias. Improvement or stabilisation of 8 158 (82)
structural airway abnormalities.
Mantenimiento a largo plazo de este estado, al menos tres afios. Long-term maintenance of this status, at least three 8 170 (89)
years.
DISEASE MODIFICATION INDICATORS AND OTHER CONSIDERATIONS
Es necesaria una puntuacién de la actividad de la enfermedad validada, objetiva y multidimensional. A validated, 9 187 (97)
objective, and multidimensional disease activity score is needed.
En pacientes con alteraciones basales del TC potencialmente reversibles, se deben incluir criterios de imagen como 8 143 (74)
marcador objetivo de modificacion de la enfermedad a nivel estructural. In patients with potentially reversible
baseline CT alterations, imaging criteria should be included as an objective marker of disease modification at the
structural level.
A pesar de su etiologia multifactorial, y de su variabilidad clinica, se pueden distinguir dos dominios en el asma, la 8 154 (80)
actividad y el dafio. Despite its multifactorial aetiology and clinical variability, two domains can be distinguished in
asthma, activity, and damage.
El concepto de actividad incluye la inflamacion subyacente. The concept of activity includes the underlying 8 174 (91)
inflammation.
El concepto de actividad incluye la hiperreactividad bronquial. The concept of activity includes bronchial 8 170 (88)
hyperresponsiveness.
El concepto de actividad incluye los signos y sintomas de la enfermedad. The activity concept includes the signs and 9 181 (95)
symptoms of the disease.
El concepto de dafio incluye las alteraciones estructurales y funcionales de las vias respiratorias. The concept of 9 188 (98)
damage includes structural and functional alterations of the airways.
Deben buscarse y validarse indicadores de actividad, que nos ayuden a priorizar el abordaje precoz en pacientes con 9 189 (98)
peor pronéstico. Indicators of activity should be sought and validated to help us prioritise early treatment in
patients with a poorer prognosis.
(Continued)
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Table | (Continued).

DISEASE MODIFICATION INDICATORS AND OTHER CONSIDERATIONS
Scor N and % of
7-9 agreement
Se deben utilizar indicadores que predigan la pérdida progresiva de la funcion pulmonar. Indicators that predict 9 187 (97)
progressive loss of lung function should be used.
El asma debe abordarse longitudinalmente, valorando tanto la consecucién como el mantenimiento de un estado de 9 185 (96)
remision clinica. Asthma should be approached longitudinally, assessing both the achievement and maintenance of
a state of clinical remission.
En los pacientes incapaces de alcanzar una respuesta completa, también puede considerarse la modificacion de la 8 160 (84)
enfermedad definiendo el techo de respuesta individual. In patients unable to achieve a complete response, disease
modification can also be considered by defining the individual response ceiling.
En pacientes con un rasgo tratable dominante, debe priorizarse el abordaje de dicho rasgo. In patients with 8 167 (87)
a dominant treatable trait, priority should be given to addressing that trait.
La hipersecrecion mucosa debe abordarse como un rasgo tratable Mucus hypersecretion should be addressed as 8 167 (87)
a treatable trait.
La hipersecrecion mucosa debe considerarse como una parte reversible de la obstruccion bronquial. Mucus 8 151 (78)
hypersecretion should be considered as a reversible part of bronchial obstruction.
El remodelado puede ser reversible y ser considerado un rasgo tratable para la modificacion de la enfermedad. 7 141 (74)
Remodeling may be reversible and be considered a treatable trait for disease modification.
La modificacion de la enfermedad supone un descenso del escalon terapéutico necesario para mantener el control 8 149 (78)
de la enfermedad. Disease modification involves a lowering of the therapeutic step needed to maintain disease
control.
El planteamiento de modificacion de la enfermedad debe ser diferente en el asma de inicio en edades tempranas que 8 151 (79)
en el asma de inicio tardio en el adulto. The approach to disease modification should be different in early-onset
asthma than in late-onset asthma in adults.

The high level of concordance of these first-round results made it possible to avoid a second round, and we, therefore,
consider the Delphi consensus phase closed.

Among the ESSENTIAL CRITERIA FOR DISEASE MODIFICATION IN ASTHMA, the five essential criteria were
consensuated with a score of 9 (Complete improvement of signs and symptoms), or 8 (Normalization in biomarkers/
biological activity, Reversal of bronchial hyperresponsiveness, Improvement or stabilisation of structural airway
abnormalities, and Long-term maintenance of this status, at least three years).

Of the DISEASE MODIFICATION INDICATORS AND OTHER CONSIDERATIONS, the statements that reached
the highest score (9) were “A validated, objective, and multidimensional disease activity score is needed”, “the activity
concept includes the signs and symptoms of the disease”, “the concept of damage includes structural and functional
alterations of the airways”, “indicators of activity should be sought and validated, which help us to prioritize the early
approach in patients with worse prognosis”, “Indicators that predict progressive loss of lung function should be used”,
and “asthma should be approached longitudinally, assessing both the achievement and maintenance of a state of clinical
remission”. The only statement reaching a median score of 7 but being equally successfully validated in the first round
was “remodeling may be reversible and be considered a treatable trait for disease modification”.

Discussion
Asthma management is increasingly evolving towards more ambitious therapeutic goals as the arsenal and efficacy of
treatments increases, led mainly by biologic therapy. Over the past few months, we have debated intensively the concept
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QUESTIONS THAT REMAIN TO BE ANSWERED

» Which bronchial remodeling processes are reversible, and which are not?

* What are the valid markers to detect bronchial remodeling?

+ Should imaging techniques be standardized in asthma follow-up now that their value is
clear from recent studies?

* Which predictors of good or poor prognosis in structural damage will be available?

» Which predictors of good or poor response to biologics will be accessible in this aim?

+ What is the window of opportunity to treat for minimal future damage, and beyond
that, which damage will be more intense?

* How can we calculate the incremental benefit of a potentially disease-modifying

intervention versus how the same patient would have progressed?

Figure 2 Questions that remain to be answered.

of remission and the ability of drugs to induce that state. Due to the latest definitions, considering different classifications
based on varying degrees of rigor in criteria, clinical remission requires stabilization of lung function and patient/
clinician agreement on remission in addition to the absence of significant asthma symptoms and acute attacks for
a minimum duration of 12 months, while complete remission also requires, in addition to all the previous criteria, the
normalization of underlying pathology. Other authors have included improvements in structural parameters in their
definitions.” - there seems to be agreement that the immediate future is raising the bar to achieve these objectives.

Some recent studies have reported the maintenance of remission status in the medium and long term with biologics,
such as a sustained remission with treatment of 42.1% after 24 months with benralizumab,3 ® from 26.8% to 52.9% after
24 months based on the different definitions of remission,” and complete clinical remission in the 46.8% of patients after
6 years of treatment with mepolizumab.>® Also, 42.8% of patients treated with dupilumab met clinical remission criteria
with treatment after two years.*

However, we believe that the challenge of asthma management in the coming years must shift from achieving
outcomes such as remission to an even more significant aspiration: detecting the potential of biologics to induce
consistent and lasting disease modification. This implies directing our efforts to slow down, halt, or, if possible, reverse
some components of airway remodeling, prevent lung function decline, and stabilize the progression of asthma to
irreversible damage at a structural level.

Pulmonary function tests, including basic spirometry, especially the assessment of the post-BD FEV1 slope, as well as
other techniques such as oscillometry or dynamic high-resolution CT functional imaging, can improve our understanding
of the structural and functional abnormalities that trigger bronchial obstruction in asthma in a point-in-time manner.
Small airway dysfunction is strongly evident across all severity grades of asthma, and in severe asthma, small airway
disease has been related to disease control and risk of exacerbation. Oscillometry is the most suitable method for
evaluating small airway disease and should complement spirometry as part of managing these patients in a routine
clinical setting.***' Assessing how biological drugs can improve hyperinflation in patients with severe asthma is also
interesting.*?

What we do not yet know sufficiently is the treatment’s effect on this potential slowing or stopping of the accelerated
loss of function, which requires measuring its evolution longitudinally.

It must also be noted that when predefining a trial’s duration to investigate a treatment’s disease-modifying effect,
short-term studies will not provide sufficient data. Thus, long-term trials of at least one year are needed to elucidate any

structural change or impact on disease progression.
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More evidence is needed in this respect, as although several studies have shown efficacy in bronchial remodeling-
independent processes and bronchial obstruction, additional research should be undertaken to answer emerging questions
such as potential reversibility of remodeling processes, validated biomarkers, techniques to be performed, and predictors
of response to biologics, among several other (Figure 2). Special mention must be made of asthma comorbidities, such as
gastroesophageal reflux disease, allergic rhinitis, obesity, depression, diabetes mellitus, and cardiovascular disease that
can be particularly challenging in patients with severe asthma and may worsen asthma outcomes and should be assessed
in clinical practice, ideally supported by multidisciplinary teams. Comorbidities should be considered in any definition of
remission and disease modification, especially upper airway disorders, due to their anatomical, epidemiological, and
immunoinflammatory linkage with asthma.**** The Spanish Consensus on Remission in Asthma includes the concept of
complete remission in asthma and chronic rhinosinusitis with nasal polyps.’

As a limitation of this consensus, we know that the Delphi methodology may bias independent opinions. However,
the sample size and the results’ robustness minimize this risk. This consensus focuses on the role of biologics, not
considering other concurrent treatments or management strategies that patients might be receiving, which could confound
the effects attributed solely to biologics. Addressing environmental and lifestyle factors such as smoking cessation,
allergens or pollution exposure, or obesity can significantly impact the disease course. Additionally, while biologics show
promising results in clinical trials, their real-world effectiveness and impact on long-term disease progression are less
clear. This discrepancy may arise due to variations in patient adherence, different healthcare settings, and heterogeneous
patient populations. Furthermore, this study does not discuss the economic implications and accessibility of biological
treatments for asthma, which are significant factors influencing treatment choices and patient outcomes in real-world
settings. In addition, other considerations, such as when to stop treatment in patients who have reached a prolonged
“disease-free” state and how this state can be maintained, also need to be clarified in the future, as the field is currently
uncertain.

What seems clear is that the paradigm of asthma management is shifting with the advent of biologics, and the
scientific community increasingly accepts the approach of preventing damage by controlling activity. It remains to be
seen whether, in a few years, and with a solid body of evidence, the approach to asthma management will become, in
certain patients, preventive rather than palliative, preventing the disease from progressing to the point where patients
have significant and irreversible limitations. Disease modification seeks to alter the disease’s course at a fundamental
level, potentially offering lasting changes. It requires targeted and sometimes earlier and more aggressive treatment
strategies aimed at the biological foundations of asthma.

As future perspectives in disease modification, we consider it important to identify prognostic factors for poor disease
progression. These factors would allow us to select patients in earlier stages of the disease for biological treatments and
to prevent disease progression and damage. Identifying new biomarkers predicting good response/remission to biological
treatment in patients with severe asthma is also important.

In conclusion, in this Delphi study, a large number of experts in the management of severe asthma from different
specialties agreed on the clinical-functional and pathophysiological aspects to be considered in order to try to achieve
disease modification. Five essential criteria for disease modification were agreed: complete improvement of signs and
symptoms, normalization in biomarkers/biological activity, reversal of bronchial hyperresponsiveness, improvement or
stabilisation of structural airway abnormalities, and long-term maintenance of this status at least three years. Indicators
and other considerations of disease modification were also agreed.
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