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In recent years, interest in respiratory diseases has increased significantly after a long period of relative stagnation that followed the apparent control of tuberculosis. Indeed, for decades the focus of researchers was mainly on bronchial asthma, with little interest in COPD, and minimal attention on other lung diseases. Despite the widespread prevalence of pulmonary diseases, there has been, and still is, a considerable delay in understanding their etiopathogenesis, and, as a result, the therapeutic approach to these diseases has not developed adequately. For as long as anyone can remember, it has generally been limited to the use of bronchodilators, corticosteroids, mucolytics and antibiotics.
Recent advances in biomedical research and bioinformatics approaches, in particular the commodification of high-throughput biotechnology, are now enabling the understanding of various aspects of biological systems. Insights generated by these advances have gone beyond the limitations of simplistic hypotheses. The obvious consequence of this is that the fundamental mechanisms that regulate biological processes in the lungs are increasingly being discovered, and, as a cascade, several disease endotypes and new therapies that may be effective in selected individuals are also being identified (Hemnes, 2018). Nonetheless, these approaches still have serious limitations due to a high chance of potentially false discovery with low patient numbers, inexact phenotyping, and bioinformatics challenges.
However, the broadening of our knowledge of the underlying mechanisms involved in at least some phenotypes and endotypes of asthma and/or COPD has provided access to innovative therapies, especially for asthma (Cazzola et al., 2017; Martin et al., 2019; Rogliani et al., 2020; Cazzola et al., 2021; Matera et al., 2021). Unfortunately, however, it is becoming increasingly accepted that asthma and COPD are chronic inflammatory airway disorders that are highly heterogeneous in terms of pathogenic manifestations, symptom severity and outcome (Sterk, 2016). There is growing evidence that asthma and COPD are umbrella terms used to group endotypes characterised by different underlying mechanisms (Rogliani et al., 2016). These endotypes probably represent diseases that are different and therefore each characterised by clinical and pathological heterogeneity, although there may also be overlapping features (Rogliani et al., 2016).
Idiopathic pulmonary fibrosis (IPF), a chronic interstitial lung disease (ILD) with a poor prognosis, which has received much attention in recent years, is also difficult to classify because it is extremely heterogeneous in terms of clinical progression rates, worsening in lung function decline, and treatment response (Clarke et al., 2017). IPF represents the archetype of progressive fibrosing ILD, but many patients with other ILD subtypes also develop progressive fibrosing ILD (Bowman et al., 2021). Furthermore, the variability in clinical progression with rapid deterioration and death within a few months in some patients, while in other patients there is a slower decline in disease progression and relatively limited associated disability, or even periods of relative stability alternating with periods of acute respiratory decline, suggests that it is likely that the biological factors or drivers involved may be different (Clarke et al., 2017). In any case, predicting a progressive phenotype remains difficult.
Pulmonary hypertension (PH) is also a heterogeneous disorder in which overlapping syndromes with different origins may be present simultaneously (Barnes and Dweik, 2014). This implies that the pathobiology is equally heterogeneous and, consequently, PH presents with many phenotypes of which some have already been identified, while others have only been proposed (Dweik et al., 2014). It is likely that the vascular remodelling that characterises chronic PH may be the result of dynamic interactions over time between specific cell types involved and their surrounding matrix and inflammatory microenvironment (Stenmark et al., 2018). Using single cell genomics, it is possible to precisely map cellular heterogeneity, the contribution of different lung cell types and the underlying molecular signatures that condition the vascular remodelling process in PH (Morrell et al., 2019). An exciting finding is the identification of pharmacologically modulable signalling hubs, transcriptional regulators and epigenetic enzymes that are specifically dysregulated in PH vascular cells. It is potentially useful for designing therapeutic approaches targeting specific disease subpopulations in PH (Li et al., 2020). Nevertheless, at present time, PH remains a progressive, fatal disease with a fair amount of heterogeneity in response to pharmacotherapy. Therefore, even for PH there is a clear need to define clinical and, in this case, hemodynamic sub-phenotypes.
These issues explain why respiratory drug development is difficult, but the lack of available treatments can perhaps be partly attributed to a shortage of critical tools in the areas of biomarkers and clinical outcome measures.
The identification of prognostic disorder/disease progression-specific biomarkers that predict disease course, the creation of scoring and risk stratification systems and the development of carefully controlled studies that do not exclude disease subtypes are now an absolute need (Wheelock et al., 2013; Cazzola et al., 2019; Bowman et al., 2021). These biomarkers could also help in defining populations that will derive most benefit from a drug, guiding the clinical care and monitoring adverse events in individuals with such disorders/diseases. Moreover, biomarkers can reflect disease course. Carefully selected biomarkers are helpful in the early stages of clinical trials, such as proof-of-action or proof-of-concept studies, to drug development as they allow a clearer definition of the target population that has the highest potential for benefit and the lowest risk of developing unwanted adverse reactions (Barnes et al., 2006; Gromova et al., 2020). This helps to make a rational decision on further drug development. Biomarkers can also be used at different stages of clinical trials to understand the mechanism of action of a drug or to confirm its supposed mode of action (Barnes et al., 2006; Gromova et al., 2020). In addition, phase 3 studies conducted for the development of new therapies may be useful to evaluate in parallel, but independently, a new biomarker proposed as an exploratory endpoint (Barnes et al., 2006). This approach increases the power and robustness of the validation and, if the result is significant, the biomarker can be elevated to surrogate endpoint status (Cordis Eu research results, 2020). However, developing a biomarker is intellectually complicated, operationally demanding and usually very expensive, with a real risk of failure.
In any case, the use of biomarkers is useful for determining the benefit-risk profile of a drug in development, allowing precise patient stratification and reduced number of patients needed to show clinical benefit and non-inferiority in clinical trials. It therefore allows easier decision-making by regulatory agencies (Gromova et al., 2020).
The big problem in respiratory medicine is that there are too few validated biomarkers. In asthma, several biomarkers are available such that a type 2 biomarker strategy, with FeNO, eosinophils in blood and periostin in serum, has already been proposed to determine when to use an ICS or increase its dose (Cazzola et al., 2021). In contrast, in COPD, the European Medicines Agency and the US Food and Drug Administration believe that fibrinogen is still the only circulating biomarker to be used to identify patients for inclusion in clinical trials, even though conflicting data from several studies negate its robustness as a COPD biomarker, suggesting that there is an urgent need to identify and validate new circulating biomarkers that may be of real value (Cazzola et al., 2019). However, even in asthma, defining the presence of eosinophilic airway inflammation and predicting response to corticosteroid therapy requires further investigation to accurately determine FeNO cut-off points and blood eosinophil counts (Cazzola et al., 2021). Furthermore, it is imperative to prospectively evaluate the biomarker-guided approach on a wider range of patients to better understand the efficacy and safety of this approach (Cazzola et al., 2021).
Several molecules have shown potential value as biomarkers in IPF, but their verified accuracy in Asian populations has not yet been confirmed in Caucasian cohorts for routine application in the management of IPF (Stainer et al., 2021). Furthermore, none of these biomarkers have been validated in large clinical trials. An index composed of a set of separately studied biomarkers could improve the diagnostic accuracy in distinguishing IPF from other ILDs or healthy controls but, so far, has shown controversial results (Guiot et al., 2017). Thus, even for this type of diseases the identification of valid biomarkers remains an unmet need.
With regard to clinical outcome measures, despite the great efforts made over the years, the choice of the primary efficacy endpoint is one of the most critical steps. This is particularly true regarding ILDs, for which we still consider decline in forced vital capacity (FVC) as an appropriate endpoint in IPF drug development, with an absolute decline in FVC of more than 10% significantly associated with an increase in the risk of 1-year mortality (du Bois et al., 2011), whereas a decline of 5–10% would not be significantly associated with death (Fernández Fabrellas et al., 2018). However, in patients with mild to moderate IPF, clinical deterioration and physiological changes over time are minimal (Spagnolo et al., 2019). Therefore, the nature of the disease makes it difficult to detect large changes in lung function using pulmonary function tests even when they are grouped into a composite physiological index based for example on the predicted % diffusing capacity of the lung for carbon monoxide (DLCO), FVC and forced expiratory volume in 1 s (FEV1) (Spagnolo et al., 2019). It is indeed problematic to identify robust predictors of IPF worsening both at baseline and over the course of the disease regardless of the various endpoint combinations used (Spagnolo et al., 2019). There is, therefore, an urgent and essential need to develop measures that at least better assess meaningful outcomes for patients (including effects on symptoms and quality of life).
In asthma and COPD, there is more evidence about the clinical outcome measures to be used, with constructive input from different regulatory authorities (Haarst et al., 2019; Collacott et al., 2021). However, there is still a need for a standardized approach to the assessment of asthma/COPD symptoms and their impact on heath related quality of life (HRQoL) from the patient’s perspective. Indeed, we do not yet have validated patient-reported outcomes (PROs) available for inclusion in clinical trials that assess the impact of treatment but also the role of key patient aspects such as sleep, fatigue, and activities of daily living (Afroz et al., 2020).
The real problem, however, lies in the fact that the outcomes usually used in trials involving patients with asthma or COPD and approved by the regulatory authorities consider these patients as all affected by asthma or COPD as single, distinct diseases, whereas as it has already been pointed out, the umbrella terms asthma and COPD cover various clinical entities with multiple causes resulting in airflow limitation (Rogliani et al., 2016). These different clinical entities are referred to as endotypes, i.e., disease subtypes defined functionally and pathologically by a molecular mechanism or response to treatment (Cazzola et al., 2017; Cazzola et al., 2021). Endotypes should be identified by means of validated genetic or blood biomarkers, but as pointed out above, we are still a long way from having credible and above all validated biomarkers available.
With the current state of knowledge, future treatments could be classified into two fields of research depending on how asthma, COPD, and ILD are defined, and the types of therapies used.
The existing approach with approved therapies indicates that we are considering and treating these disorders as single endotypes. However, the treatments currently used certainly improve long-term symptoms, and even survival, but are unable to significantly interfere with the variability of the various characteristics of these disorders that differ between patients but also over time in the same patient (Cazzola et al., 2021). Since modern medicine tends to offer the patient a proactive and personalised approach that starts with a precision diagnosis and tends towards personalised treatment, this inability of existing therapies is certainly a major limitation (Cazzola et al., 2021).
An alternative approach sought to understand the heterogeneity of the disorder/disease with the aim of using biomarkers and clinical parameters to stratify it into several endotypes (Clarke et al., 2017). It is clearly necessary to go beyond clinical features and physiological and inflammatory data, which are no longer sufficient (Cazzola et al., 2021). There is a need for identifying the mechanisms that drive the pathologic process in each endotype of asthma, COPD and ILD. When this is possible, a personalized medicine for treatment of these disorders/diseases will surely be developed. This will not only enable more precise treatment prescriptions, but also identify new traits/targets, which is likely to mean the development of new endotype-specific therapies (Cazzola et al., 2021). Obviously, only specifically designed clinical studies will be able to clarify whether and how well this approach works.
The endotype approach is increasingly expanding with a better understanding of the complexity and granularity of molecular data thanks to real recent technological advances. These have enabled the development of “multi-omic” platforms that allow a large set of analytes, typically of a specific type, to be measured on a single sample (Cazzola et al., 2021). It should be noted, however, that although the role of “-omics” in the field of respiratory medicine research is increasingly accepted, various methodological, practical and ethical challenges still preclude the proper analysis, interpretation and clinical application of “-omics” data (Cazzola et al., 2021).
Personalized medicine offers a new paradigm for the development of safer and more effective drugs for specific populations and for a better practice of medicine. However, there are some obstacles to its application that need to be removed. Indeed, regulatory requirements are uncertain and, in any case, legal protections to prevent genetic discrimination are incomplete (Aroh and Cata, 2017). Moreover, apart from the lack of a comprehensive health information technology system, insurance reimbursement for diagnostic tests related to preventive care is totally insufficient (Aroh and Cata, 2017). Therefore, there is a need for decisive action at both the regulatory and academic levels. Regulatory authorities should lead the drafting of official documents standardizing the development of “-omics” techniques in respiratory medicine, obviously with the involvement of the main scientific societies. The academic body should develop a new medical education system that teaches doctors how to implement their daily practice by considering the diagnostic procedures of personalised medicine or the impact of pharmacogenomics (Aroh and Cata, 2017).
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