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Summary 
With the new FDA Modernization Act of 2022, the agency now has the option to approve drugs and biomolecules that are tested in only non-clinical studies, including those that use cells and lab-grown tissues, such as organs on a chip, or computer models, before being tested in human clinical trials. Although this is probably going to be a slow change and not a tsunami that will transform the drug approval process overnight, now is probably the time to start reviewing the status quo on what are the reasons behind current inhalation drug development preclinical models, what alternative models are available and how the research community is considering this field moving forward. For many years, we have been stuck in a particular conceptual mode of doing research, but with this amendment in policy change will arise as the weight of the evidence for alternative tools becomes more robust and uniformly accepted and validated. In this paper, a review of current and novel research on this topic will be presented, and the author provide possible future directions in this exciting field.  
Key Message 
Overall, the FDA Modernization Act of 2022 is a relatively small piece of legislation, but with continuing advances in ‘humanised technologies,’ this change could have far-reaching impacts on how these new approaches could help improve clinical translatability, increase discovery success rates while limiting in vivo animal studies. 
Introduction
On the 29th of September 2022 the U.S. Senate unanimously passed Bill S. 5002, the “FDA Modernization Act 2.0.”, approved by the U.S. House On Dec 23rd, 2022 [1]. The agency now has the option to approve drugs and biomolecules clinical trials based on non-clinical-based pre-clinical models, including those that use cells and lab-grown tissues such as organs on a chip or computer models. This is a radical shift by an agency that for the past 80 years has been very conservative regarding the safety and efficacy of drugs. It introduces regulatory flexibility regarding the acceptance of alternative testing data and acknowledges the pharmaceutical and technological advances achieved in complementary in vitro tests vs conventional animal tests. Though it pushes academia and industry to keep exploring these novel alternatives and develop more representative models towards reducing and/or possibly replacing the need for animal testing, opinions regarding how the new act will impact the industry diverge; time will tell how the FDA implements the changes into actual practice. Although this is probably a slow change that will not revolutionise the drug approval process overnight, within the inhalation field now is probably the time to start reviewing the reasons behind current drug development preclinical models, what alternative models are available and how the research community is considering this field moving forward.
The status quo 
Animals are fundamentally a surrogate for predicting what is going to happen in a human, and despite variability in particle deposition, clearance, and effect when comparing humans to animals, numerous animal models have been used for inhalation studies. With more than 3.06 million scientific procedures involving living animals carried out in Great Britain in 2021 [2], in vivo testing continues to be central to preclinical drug development, despite questionable demonstrable validity [3]. Considering that over 92% of drugs that show promise in animal tests fail to reach the clinic and benefit patients [4], it seems obvious that the problem with the high attrition rate of approved drugs, although multifactorial, should also be attributable to limitations of the current preclinical models. Briefly, significant variations exist in mammalian respiratory tract structure. Variations in nasal anatomy are the most obvious [5] but differences are also seen in the tracheobronchial tree and the deep lung region. For instance, while humans and other primates have a relatively simple nasal anatomy, most other mammals have a complex, internal structure with a large olfactory apparatus [5]. In addition, rats, and other rodents, are nose breathers, incapable of mouth breathing [6], which has major implications for inhaled particle deposition and clearance mechanisms and delivery of various types of inhaled formulations to these animals. Furthermore, respiratory bronchioles are absent in mice and rats, or very abbreviated in several other species such as hamsters and guinea pigs, [7, 8], consequently eliminating the possibility of investigating deep lung diseases like emphysema. Further down in the acinus, there are several differences between the different mammalian species for the number, size, and distribution of alveoli, impacting aerosol deposition, clearance, and toxicological responses [9-11]. Respiratory anatomy is just one of the many interspecies differences but there are also others to consider including inflammatory responses, distribution or presence of key proteins and pharmacokinetics/dynamics. These are crude generalizations based on limited data, so careful attention should be taken before designing any specific aerosol study that involves animal models [12-14].
Despite all these differences, why are we still using animal models?
There is a general assumption that animal testing helps to ensure human safety and the efficacy of new pharmaceuticals. The foundations for the validity of animal models for application to humans are based on experience, genetic and physiological principles, with virtually all animal models having their strengths. Animal models, particularly genetically engineered ones, have been used for different studies ranging from fundamental biology, physiology, and toxicology principles to the testing of their safety and/or efficacy. For initial testing of tissue injury of inhaled substances, dose-response phenomena, and target tissues, rodents, and other small animals are desirable; these types of studies often require large group sizes to provide statistically meaningful results [15]. More advanced and confirmatory testing is generally conducted in dogs or nonhuman primates [16]. But while the underlying biology is similar, there are still several fundamental differences and this means predicting the risk to patients is limited to an accuracy rate of around 75-85% [17, 18], leading to unwanted side effects and possible drug withdrawals from the market. Equally concerning is that there are probably drugs that could be safe and effective in humans but that have never reached clinical trials because they were dropped from development pipelines due to poor safety concerns in animals. Furthermore, for biologic therapies, rapidly approaching nearly half of all drugs in development, non-human models often show no or different activities [19]. Still, animal research is undeniably a critical component of modern science, and it would be naïve to believe otherwise. 
Looking at the near future: What are the alternative models available and how relevant they are? 
Based on the most recent advances in tissue-engineering technologies, different in vitro cell-based methodologies for screening the efficacy of inhaled drugs have been used: i.e., (i) tissue-mimetic lung cultures grown at the Air–Liquid Interface; (ii) lung organoids; and (iii) lung-on-chip. In vitro, methods for toxicity assessments of inhaled pharmaceuticals have already benefited from substantial support from the European Union and the Organisation for Economic Co-operation and Development regulatory frameworks [20]. Additionally, in vitro models such as anatomical models, and cell-integrated impactor technologies [21-23] to predict aerosol deposition have also been shown to be helpful to bridge animal studies to clinical use. More recently human computational models [24, 25], organs on a chip [26], and virtual cell biology based on mathematical models [27] including computation fluid dynamics [28] have also been used to predict inhaled drug deposition, bringing additional advantages, and are already playing an important role in the early stages of drug development [29]. Still, computer models, are only as good as the data they are built on, and until more accurate data is available these alternative methods are better at predicting relatively simple, short-term outcomes, such as acute toxicity, than complicated, long-term ones. Overall, all these non-clinical models have many advantages over the use of animals, like a lack of concern regarding cross-species correlation, ethical issues and economic constraints and are supportive for many pharmaceutical development stages; but they also have limitations of their own and the use of multiple, relevant experimental approaches to screen inhaled therapies is still essential for the translation of preclinical inhaled drug candidates to clinical practice. At this point, it is important to ask what the most important human-relevant experiment is, and if there is a non-clinical model available that has been validated for human clinical mimicry, it should be valid to use this model. Overall, non-clinical, models could be useful if they are equally as good as animal models, and not necessarily better, provided they are equally robust and validated. 
Conclusions and future directions
We have been stuck in a particular conceptual mode of undertaking pre-clinical drug development research for many years now, but change will come as the weight of the evidence for alternatives becomes more robust. None of the current alternative models has yet fulfilled all the criteria to perfectly mimic the human respiratory tract and breathing pattern, thus requiring continuous reassessments and improvements to make them more predictive of the clinical conditions. While unfortunately, traditional in vitro culture techniques and animal models are poor predictors of human biology, non-clinical models could provide a way to meet these new challenges, opening a pandora box of opportunities to help cross-validate and supplement data from traditional methodologies, increasing discovery success rates and helping scientists screen out a greater number of ineffective and unsafe compounds before they ever get to animal trials. 
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