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Progressive fibrosing interstitial lung diseases (PF-ILDs) represent a group of conditions of both known and unknown origin which continue to worsen despite standard treatments, leading to respiratory failure and early mortality. Given the potential to slow down progression by initiating antifibrotic therapies where appropriate, there is ample opportunity to implement innovative strategies for early diagnosis and monitoring with the goal of improving clinical outcomes. Early diagnosis can be facilitated by standardizing ILD multidisciplinary team (MDT) discussions, implementing machine learning algorithms for chest computed-tomography quantitative analysis and novel magnetic-resonance imaging techniques, as well as measuring blood biomarker signatures and genetic testing for telomere length and identification of deleterious mutations in telomere-related genes and other single-nucleotide polymorphisms (SNPs) linked to pulmonary fibrosis such as rs35705950 in the MUC5B promoter region. Assessing disease progression in the post COVID-19 era also led to a number of advances in home monitoring using digitally-enabled home spirometers, pulse oximeters and other wearable devices. While validation for many of these innovations is still in progress, significant changes to current clinical practice for PF-ILDs can be expected in the near future.

KEYWORDS
 progressive fibrosing interstitial lung disease, progressive pulmonary fibrosis, interstitial lung disease, idiopathic pulmonary fibrosis, PF-ILD, PPF


1. Introduction

Within the complex landscape of interstitial lung diseases (ILDs), a widely studied disease and a major new concept have emerged with the publication of the updated 2022 ATS/ERS/JRS/ALAT clinical practice guideline: progressive pulmonary fibrosis (PPF). (1) While idiopathic pulmonary fibrosis (IPF) is a diagnosis of exclusion, with an unknown etiology and a grim prognosis rivaling most cancers, (2) PPF includes a multitude of ILDs, of both known and unknown origin, that share a progressive disease behavior.

As there is currently approved antifibrotic therapy for progressive fibrosing interstitial lung diseases (PF-ILD)—nintedanib, there is some confusion among clinicians as to what definition to use for establishing progression. The PPF criteria (1), as well as the nintedanib for PF-ILD INBUILD trial inclusion criteria (3) are most often used. Other definitions exist, based on two other studies (pirfenidone in unclassifiable ILD [uILD] and RELIEF) as well as criteria proposed by Cottin et al. (4)—all definitions are detailed in Table 1.



TABLE 1 Summary of several definitions which could be used in clinical practice to define progression of fibrosing interstitial lung diseases.
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Choosing how to document progression has practical implications in obtaining reimbursement for nintedanib, where specific local requirements may need to be met.

Assuming that non-IPF ILDs can behave similarly to IPF and meet criteria for PF-ILD in up to 32% of cases (8), we aimed to summarize and discuss some of the emerging trends in the diagnosis and monitoring of this varied group of conditions, occasionally drawing parallels to IPF as the prototype of progressive fibrotic ILD. The clinical characteristics of the various non-IPF ILDs that could be included under the PF-ILD umbrella have been reviewed previously (9).



2. Current and future directions


2.1. The importance of multidisciplinary team discussion

Multidisciplinary team (MDT) consensus diagnosis for ILD as a gold standard has been suggested; however, the practice of organizing these meetings varies greatly around the world. Before the COVID-19 pandemic, a survey performed across 64 countries by the Respiratory Effectiveness Group (REG) revealed that 76% of centers held formal MDT meetings and the majority (80%) were face-to-face (10). This survey is currently being repeated to better understand how teleworking and the pandemic have influenced MDT practices. It is not clear how MDT discussions are organized in developing countries and what are the opportunities for improvement.

Requirements including a quiet setting with a video projection system, at least one radiologist present, access to high-quality HRCT of the chest, and a standardized template summarizing patient data were deemed essential components of the MDT meeting in a recent Delphi survey of ILD experts (11). Diagnosis of connective-tissue disease-associated ILD (CTD-ILD) would require the presence of a rheumatologist or immunologist for the MDT discussion. However, just over a third of all centers in the REG survey routinely involved these specialists in the discussion (10).

There are benefits to holding MDT meetings, including increased diagnostic confidence and inter-observer agreement, and lower rates of unclassifiable ILD diagnoses. The meetings also provide a forum for discussion and sharing knowledge and experience (12). As we emerge from the COVID-19 pandemic, virtual MDT discussions have brought new opportunities, especially by increasing the number of attendees (including trainees and non-specialist physicians). However, virtual meetings can be less accessible in resource-poor areas, less focused, and prone to “technical” difficulties. Preserving patient confidentiality may also prove difficult in virtual settings (13).

The future of ILD MDT discussion is likely going to include genetic testing data and input from relevant specialists (i.e., clinical genetics, lung transplant physicians) due to recent discoveries of accelerated progression and worse responses to immunosuppression in patients with familial forms of ILD or sporadic cases with a genetic component (e.g., telomere dysfunction). There is significant support from clinicians, as well as patients and their relatives for genetic testing (14).

In our experience, MDT consensus also builds diagnostic confidence from a patient perspective and provides reassurance that an entire ILD team is involved in care provision. In our center, ILD specialist nurses and pharmacists also regularly attend MDT discussions to provide their own unique input regarding potential tolerability and interactions when considering treatments for PF-ILD.



2.2. Imaging and CT quantitative analysis

Early attempts at defining imaging biomarkers for ILD progression were focused on chest CT patterns present at diagnosis. The finding of a usual interstitial pneumonia (UIP) pattern on chest CT in hypersensitivity pneumonitis (HP) was associated with a similar rate of lung function decline in PF-ILD compared to IPF. Similarly, in rheumatoid arthritis associated ILD (RA-ILD), UIP was identified as a major predictor of decline (15). However, there can be significant inter- and intra-observer variability for visual radiological evaluation, especially in non-UIP pattern fibrosis.

Some progress has been made in improving the diagnostic and monitoring accuracy of ILDs using artificial intelligence. The Computer Aided Lung Informatics for Pathology Evaluation and Rating (CALIPER) program seemed to be able to differentiate between IPF and CTD-ILD, showing differences in analysis of peripheral volume of reticulation (greater in IPF versus CTD) and vascular-related structure (VRS) volume (greater in IPF versus CTD) (16). In IPF patients, CALIPER quantification scores for ILD (ILD%) and pulmonary vascular-related structures (PVRS%) were shown to correlate with forced vital capacity (FVC) at baseline evaluation and during disease progression, with faster increases in scores in patients who were not treated with antifibrotics (17). For non-IPF ILDs, similar findings are starting to emerge, with reticulation and traction bronchiectasis scores (QLF) predicting survival in RA-ILD (18) and convolutional neural network approaches in HP showing correlation with lung function parameters (19).

There are however inherent challenges. Machine learning algorithms require “training” using quality data and there are issues with validating the accuracy of the results. Furthermore, most studies have been retrospective, with not enough longitudinal data to estimate whether automated quantitative CT analysis will indeed positively impact clinical outcomes (20). A recent systematic review confirmed the need to increase diagnostic accuracy and gather prospective data (21). The PREDICT-ILD study will hopefully shed some light on the use of CT quantification for predicting lung function trajectories in fibrotic ILDs and correlate scores with genetic predisposition and markers of endothelial damage (NCT05609201).

Although not validated for routine clinical practice, a promising area of investigation is the use of magnetic-resonance imaging (MRI) based techniques for the evaluation of ILDs of different etiologies. Conventional MRI has inherent difficulties in imaging the lung parenchyma; however, techniques such as ultrashort echo time or dynamic contrast-enhanced MRI can be helpful for imaging the lung vasculature. Inhaled hyperpolarized 129Xenon gas MRI can provide a functional assessment of alveolar-capillary diffusion as well as ventilation and intra-acinar gas diffusion (22). So far, 129Xe ventilation or oxygen enhanced-MRI biomarkers were not able to discriminate between the different types of ILD in one small study (23). However, dynamic contrast-enhanced perfusion MRI seemed to correlate with pulmonary vascular disease progression in IPF (24) which would be a relevant biomarker in the monitoring of PF-ILD. Further assessment of 129Xe MRI is also underway as part of the UKILD consortium (in the evaluation of post COVID-ILD patients) (25)



2.3. Home monitoring for PF-ILD

The COVID-19 pandemic has catalyzed the development of home monitoring strategies for fibrotic lung disease, as many centers struggled to maintain face-to-face patient encounters and availability for hospital-based lung function testing became severely reduced. The severity of lung function impairment has been demonstrated to be one of the most important predictors of worse outcomes in non-IPF PF-ILDs (15).

Home spirometry involves providing patients with a device that normally connects to their smartphone via Bluetooth®, allowing real-time uploading of results to a patient portal (which may also be accessible to the physician). Normally, initial training and device setup are done in clinic, the patient then being asked to perform home spirometry according to a set schedule (i.e., once daily, once weekly). Instructional videos are sometimes available, and some platforms allow automated reminders to be set up with the goal of increasing adherence.

A systematic review has shown that patient adherence to home spirometry was satisfactory (> 75%) and values measured at home correlated significantly with those measured in-hospital (26) Interestingly, the variability in home-measured FVC values may actually be an independent predictor for fibrotic ILD progression (27) Increasing adherence can be achieved by setting up automated email reminders when a measurement is not performed when expected (28), providing comprehensive initial and refresher training to patients, or using a spirometry schedule which is more acceptable (rather than daily measurements) (29). The optimal timing and frequency of testing to account for diurnal variation has not yet been established (30).

Home spirometry allows for trends in lung function decline to be generated, which is of great importance in monitoring and increasing diagnostic accuracy for PF-ILD. Additionally, as many patients could not be seen often enough during the pandemic, a role emerged for home spirometry to aid with early diagnosis of acute exacerbations of ILD (26).

While useful in a clinical setting, there are accuracy limitations to incorporating home spirometry FVC decline as a primary endpoint in clinical trials for PF-ILD, as demonstrated in a phase 2 study of pirfenidone for unclassifiable PF-ILD (5). In this study, estimating the rate of FVC decline proved difficult due to technical difficulties with the device and implausible measurements. Similar issues were encountered in two other studies aiming to describe ILD disease behavior using home spirometry (STARLINER and STARMAP) (29). Despite the limitations, high patient satisfaction with home spirometry monitoring has been reported (30, 31).

Ambulatory pulse oximetry coupled with activity monitoring has been used to provide continuous data on peripheral oxygen saturation (SpO2) to help optimize long-term oxygen treatment (32). Consumer-level activity trackers (e.g., Fitbit, San Francisco, CA, United States) can record multiple parameters including step counts, heart rate, heart rate variability, SpO2, and skin temperature. Data from a small study in sarcoidosis reported an improvement in exercise performance in patients wearing an activity tracker compared to controls (33). Perceived positive effects may drive many patients to self-initiate activity monitoring using wearables. Integrating these data into clinical care may prove difficult, due to variability in measurements and inability to deconstruct proprietary algorithms which present recorded data in a consumer-friendly format. It is unknown which parameters will yield the greatest clinical benefit, however this area of research is promising (30).

Cough-frequency monitoring can provide objective symptomatic monitoring for PF-ILD patients to aid in treatment decisions (i.e., prescribing cough suppressants). Existing devices such as the VitaloJAK (Vitalograph, Buckingham, United Kingdom) or the Leicester Cough Monitor (University Hospital Leicester, Leicester, United Kingdom) have been mostly used in clinical trials, and there may be limitations to their use in outpatient settings (34). Methods which involve cough monitoring via smartphone applications are currently being developed (35). The main drawback of implementing cough monitoring at scale is the need to protect patient privacy, as sound needs to be recorded and analyzed.



2.4. Blood biomarkers

Much of the work regarding serum and plasma biomarkers in ILD has so far focused on IPF. Since there is overlap between IPF and non-IPF PF-ILDs with respect to molecular pathways, emerging data suggest that there is also overlap in the biomarkers of interest (36). While it is unlikely that a single biomarker would explain the full spectrum of PF-ILD, combining several markers into “signatures” can enhance their clinical utility.

In IPF, a progression index based on 4 biomarkers (osteopontin—OPN, matrix metallopeptidase-7—MMP-7, intercellular adhesion molecule-1—ICAM1, and periostin—POSTN) was found to be superior to the clinical GAP score (gender, age, and lung physiology) in predicting progression at 12 months (37). A combination of MMP-7, pulmonary and activation-regulated chemokine (PARC), and surfactant-protein D (SP-D) increased the predictive value of clinical features, positive rheumatoid factor, and anti-cyclic citrullinated peptide antibodies for RA-ILD (38). Bowman et al. also recently used a proteomic approach to identify 17 biomarkers for PF-ILD which had consistent associations across different ILDs and chest HRCT imaging patterns. This data support a shared pathophysiology across the PF-ILD spectrum and paves the way for using a proteomic signature for defining progressive fibrosis. The ITGB6 marker (which represents the β6 subunit of integrin αvβ6, a critical activator of TGF-β) was found to have the strongest association with progressive fibrosis (39).

Prospective data on the use of biomarkers in influencing clinical outcomes are still lacking. One of the main aims of the INJUSTIS study (currently recruiting) is to obtain longitudinal data on biomarkers which predict progressive fibrosis in non-IPF patients (NCT03670576).



2.5. Genetic biomarkers

An ever-increasing body of evidence suggests that the development of ILD is rooted in genetic factors. The study of familial cases has yielded a number of deleterious mutations in several telomere-related genes (TRGs), which lead to premature telomere attrition. These include telomerase reverse transcriptase (TERT), telomerase RNA component (TERC), dyskerin (DKC1), regulator of telomere elongation helicase (RTEL1), poly(A)-specific ribonuclease (PARN), surfactant protein C (SFTPC) and A2 (SFTPA2), and the shelterin complex (also known as the telosome, and consisting of TRF1, TRF2, RAP1, TIN2, POT1, and TPP1) (40, 41). Telomere dysfunction has been implicated in all forms of ILD, of which many have a progressive fibrosing phenotype (42). There is significant overlap between IPF as a prototype of progressive fibrotic lung disease (IPF) and other PF-ILDs (43)

Using genome-wide association studies (GWASs), several groups found a strong association between the rs35705950 single-nucleotide polymorphism (SNP) in the MUC5B promoter and IPF and interstitial lung abnormalities (ILAs) (44–46). The MUC5B variant was also associated with the risk of developing a UIP pattern on chest CT scanning in HP and RA-ILD which confers the highest risk of fibrosis progression (47, 48). In HP patients, the MUC5B high-risk polymorphism was found in approximately a quarter of patients compared to 10% in the general population (48). Research into novel causes fibrosis also revealed correlations suggesting an overlap between genetic predisposition for fibrotic conditions (i.e., IPF) and severe COVID-19 (49).

From a clinical perspective, although the overall phenotype may not be different in familial versus sporadic ILD cases, disease onset tends to be early. Within the same family, heterogeneity of ILD diagnosis may be possible, which is not fully understood, but may relate to an interplay with environmental and developmental factors (50). Sporadic IPF cases with an early onset (age < 60 years) had a higher likelihood of having telomere shortening, notably if they also featured immunological or hematological abnormalities (51). Telomere attrition was found in up to a quarter of patients with sporadic IPF and up to half of those with familial pulmonary fibrosis (52).

Heterozygous mutations in TRGs were associated with a uniformly progressive fibrotic phenotype (regardless of ILD diagnosis) and patients had a mean annual decline in FVC of 300 ML, which is more rapid than the 130–210 ML/year FVC loss seen in placebo arms of IPF clinical trials (53).

Progressive fibrosing interstitial lung disease treatment often involves immunosuppressant therapy and clinicians need to carefully monitor patients with telomere shortening due to a greater risk of developing treatment-related side effects (as seen in IPF with the PANTHER-IPF trial and fibrotic HP) (54, 55). Complications and worse outcomes after lung transplantation were noted for patients with short telomeres (54). However, in a Spanish cohort of 20 patients with fibrotic ILD who underwent lung transplantation (12 with and 8 without telomere shortening), post-transplant 1-year survival was > 80% regardless of telomere dysfunction, with improvement in the quality of life and manageable complications (56). Loss of clinical efficacy of immunosuppression is also suggested by findings of mycophenolate treatment only leading to improvement in fibrotic HP patients who had normal leukocyte telomere length (57).

Telomere dysfunction may confer a higher likelihood of negative responses to environmental insults (such as exposure to particulate matter) although such research is mired with difficulties in determining correlations without confounding (58).

Taken together, these findings implicate a definite role for genetic predisposition in the development of PF-ILD. In practical terms, this means that clinicians should actively ask about family history and identify clinical features of telomere dysfunction when diagnosing and treating PF-ILD; and to refer at-risk individuals for genetic testing as appropriate.




3. Discussion

There has been significant progress in improving the accuracy of PF-ILD diagnosis and developing novel monitoring strategies. Early identification of patients at risk of PF-ILD by deconvoluting the complex landscape of genetic predisposition and other biomarkers holds the promise of avoiding inherent delays in diagnosis, which currently requires documented evidence of decline in symptoms, lung function or imaging parameters over 12–24 months (Figure 1).

[image: Figure 1]

FIGURE 1
 Proposed integration of novel tools to improve early diagnosis and monitoring of progressive-fibrosing interstitial lung diseases (PF-ILDs) in the clinical setting. MDT = multi-disciplinary team; CT = computed tomography; SpO2 = peripheral oxygen saturation.


The INBUILD trial showed that antifibrotic treatment with nintedanib versus placebo in PF-ILD reduced the annual adjusted rate of FVC decline from approximately 180 ML to 80 ML, with an even greater difference seen in those with a UIP pattern on imaging (3), leading to a conditional recommendation for nintedanib in PF-ILD (1). Early initiation of treatment is essential.

Technological approaches are likely to become a routine part of PF-ILD monitoring in the near future and it is important to become familiarized with the various home spirometry, pulse oximetry, and activity monitoring platforms. Although further validation of these devices is required, many patients are already using them to gain personal health insights and clinicians should be ready to integrate this data into routine follow-up.

Machine learning tools are likely to help reduce inter- and intra-observer variability of imaging data, which will allow for more accurate ILD diagnosis and identifying those patients most at risk of progression.

Finally, in our opinion, large improvements in the care of PF-ILD patients could be obtained by simple adjustments to clinical practice, such as encouraging a standardized approach to ILD MDT discussion involving expert opinion from specialist centers (which can be done virtually) and by routinely asking about family history to uncover at-risk relatives of ILD patients early.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

SS and PR-O have both contributed equally to the conceptualization, literature review, drafting of the manuscript and approved the final version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Raghu, G, Remy-Jardin, M, Richeldi, L, Thomson, CC, Inoue, Y, Johkoh, T , et al. Idiopathic pulmonary fibrosis (an update) and progressive pulmonary fibrosis in adults: an official ATS/ERS/JRS/ALAT clinical practice guideline. Am J Respir Crit Care Med. (2022) 205:e18–47. doi: 10.1164/rccm.202202-0399ST 

 2. Zheng, Q, Cox, IA, Campbell, JA, Xia, Q, Otahal, P, de Graaff, B , et al. Mortality and survival in idiopathic pulmonary fibrosis: a systematic review and meta-analysis. ERJ Open Res. (2022) 8:00591–2021. doi: 10.1183/23120541.00591-2021 

 3. Flaherty, KR, Wells, AU, Cottin, V, Devaraj, A, Walsh, SLF, Inoue, Y , et al. Nintedanib in progressive Fibrosing interstitial lung diseases. N Engl J Med. (2019) 381:1718–27. doi: 10.1056/NEJMoa1908681

 4. Torrisi, SE, Kahn, N, Wälscher, J, Polke, M, Lee, JS, Molyneaux, PL , et al. Outcomes and incidence of PF-ILD according to different definitions in a real-world setting. Front Pharmacol. (2021) 12:790204. doi: 10.3389/fphar.2021.790204 

 5. Maher, TM, Corte, TJ, Fischer, A, Kreuter, M, Lederer, DJ, Molina-Molina, M , et al. Pirfenidone in patients with unclassifiable progressive fibrosing interstitial lung disease: a double-blind, randomised, placebo-controlled, phase 2 trial. Lancet Respir Med. (2020) 8:147–57. doi: 10.1016/S2213-2600(19)30341-8 

 6. Behr, J, Neuser, P, Prasse, A, Kreuter, M, Rabe, K, Schade-Brittinger, C , et al. Exploring efficacy and safety of oral Pirfenidone for progressive, non-IPF lung fibrosis (RELIEF)—a randomized, double-blind, placebo-controlled, parallel group, multi-center, phase II trial. BMC Pulm Med. (2017) 17:122. doi: 10.1186/s12890-017-0462-y 

 7. Cottin, V, Hirani, NA, Hotchkin, DL, Nambiar, AM, Ogura, T, Otaola, M , et al. Presentation, diagnosis and clinical course of the spectrum of progressive-fibrosing interstitial lung diseases. Eur Respir Rev. (2018) 27:180076. doi: 10.1183/16000617.0076-2018

 8. Wijsenbeek, M, Kreuter, M, Olson, A, Fischer, A, Bendstrup, E, Wells, CD , et al. Progressive fibrosing interstitial lung diseases: current practice in diagnosis and management. Curr Med Res Opin. (2019) 35:2015–24. doi: 10.1080/03007995.2019.1647040 

 9. Makino, S. Progressive fibrosing interstitial lung diseases: a new concept and indication of nintedanib. Mod Rheumatol. (2021) 31:13–9. doi: 10.1080/14397595.2020.1826665 

 10. Richeldi, L, Launders, N, Martinez, F, Walsh, SLF, Myers, J, Wang, B , et al. The characterisation of interstitial lung disease multidisciplinary team meetings: a global study. ERJ Open Res. (2019) 5:00209–2018. doi: 10.1183/23120541.00209-2018 

 11. Teoh, AKY, Holland, AE, Morisset, J, Flaherty, KR, Wells, AU, Walsh, SLF , et al. Essential features of an interstitial lung disease multidisciplinary meeting: an international Delphi survey. Ann Am Thorac Soc. (2022) 19:66–73. doi: 10.1513/AnnalsATS.202011-1421OC 

 12. Glenn, LM, Troy, LK, and Corte, TJ. Diagnosing interstitial lung disease by multidisciplinary discussion: a review. Front Med (Lausanne). (2022) 9:1017501. doi: 10.3389/fmed.2022.1017501 

 13. Mackintosh, JA, Glenn, L, Barnes, H, Dunn, E, Bancroft, S, Reddy, T , et al. Benefits of a virtual interstitial lung disease multidisciplinary meeting in the face of COVID-19. Respirology. (2021) 26:612–5. doi: 10.1111/resp.14062 

 14. Terwiel, M, Borie, R, Crestani, B, Galvin, L, Bonella, F, Fabre, A , et al. Genetic testing in interstitial lung disease: an international survey. Respirology. (2022) 27:747–57. doi: 10.1111/resp.14303 

 15. Wells, AU, and Kouranos, V. An IPF-like disease course in disorders other than IPF: how can this be anticipated, recognized, and managed? Expert Rev Clin Immunol. (2021) 17:1091–101. doi: 10.1080/1744666X.2021.1968832 

 16. Crews, MS, Bartholmai, BJ, Adegunsoye, A, Oldham, JM, Montner, SM, Karwoski, RA , et al. Automated CT analysis of major forms of interstitial lung disease. J Clin Med. (2020) 9:3776. doi: 10.3390/jcm9113776 

 17. Romei, C, Tavanti, LM, Taliani, A, de Liperi, A, Karwoski, R, Celi, A , et al. Automated computed tomography analysis in the assessment of idiopathic pulmonary fibrosis severity and progression. Eur J Radiol. (2020) 124:108852. doi: 10.1016/j.ejrad.2020.108852 

 18. Oh, JH, Kim, GHJ, Cross, G, Barnett, J, Jacob, J, Hong, S , et al. Automated quantification system predicts survival in rheumatoid arthritis-associated interstitial lung disease. Rheumatology (Oxford). (2022) 61:4702–10. doi: 10.1093/rheumatology/keac184 

 19. Aliboni, L, Dias, OM, Pennati, F, Baldi, BG, Sawamura, MVY, Chate, RC , et al. Quantitative CT analysis in chronic hypersensitivity pneumonitis: a convolutional neural network approach. Acad Radiol. (2022) 29:S31–s40. doi: 10.1016/j.acra.2020.10.009 

 20. Chen, Y, Liu, Q, and Guo, D. Emerging coronaviruses: genome structure, replication, and pathogenesis. J Med Virol. (2020) 92:418–23. doi: 10.1002/jmv.25681 

 21. Soffer, S, Morgenthau, AS, Shimon, O, Barash, Y, Konen, E, Glicksberg, BS , et al. Artificial intelligence for interstitial lung disease analysis on chest computed tomography: a systematic review. Acad Radiol. (2022) 29:S226–35. doi: 10.1016/j.acra.2021.05.014 

 22. Weatherley, ND, Eaden, JA, Stewart, NJ, Bartholmai, BJ, Swift, AJ, Bianchi, SM , et al. Experimental and quantitative imaging techniques in interstitial lung disease. Thorax. (2019) 74:611–9. doi: 10.1136/thoraxjnl-2018-211779 

 23. Tibiletti, M, Eaden, JA, Naish, JH, Hughes, PJC, Waterton, JC, Heaton, MJ , et al. Imaging biomarkers of lung ventilation in interstitial lung disease from (129)Xe and oxygen enhanced (1)H MRI. Magn Reson Imaging. (2023) 95:39–49. doi: 10.1016/j.mri.2022.10.005 

 24. Weatherley, ND, Eaden, JA, Hughes, PJC, Austin, M, Smith, L, Bray, J , et al. Quantification of pulmonary perfusion in idiopathic pulmonary fibrosis with first pass dynamic contrast-enhanced perfusion MRI. Thorax. (2021) 76:144–51. doi: 10.1136/thoraxjnl-2019-214375 

 25. Wild, JM, Porter, JC, Molyneaux, PL, George, PM, Stewart, I, Allen, RJ , et al. Understanding the burden of interstitial lung disease post-COVID-19: the UK interstitial lung disease-long COVID study (UKILD-long COVID). BMJ open. Respir Res. (2021) 8:e001049. doi: 10.1136/bmjresp-2021-001049

 26. Althobiani, MA, Evans, RA, Alqahtani, JS, Aldhahir, AM, Russell, AM, Hurst, JR , et al. Home monitoring of physiology and symptoms to detect interstitial lung disease exacerbations and progression: a systematic review. ERJ Open Res. (2021) 7:00441–2021. doi: 10.1183/23120541.00441-2021 

 27. Veit, T, Barnikel, M, Crispin, A, Kneidinger, N, Ceelen, F, Arnold, P , et al. Variability of forced vital capacity in progressive interstitial lung disease: a prospective observational study. Respir Res. (2020) 21:270. doi: 10.1186/s12931-020-01524-8 

 28. Moor, CC, Mostard, RLM, Grutters, JC, Bresser, P, Aerts, J, Chavannes, NH , et al. Home monitoring in patients with idiopathic pulmonary fibrosis. A randomized controlled trial. Am J Respir Crit Care Med. (2020) 202:393–401. doi: 10.1164/rccm.202002-0328OC 

 29. Maher, TM, Schiffman, C, Kreuter, M, Moor, CC, Nathan, SD, Axmann, J , et al. A review of the challenges, learnings and future directions of home handheld spirometry in interstitial lung disease. Respir Res. (2022) 23:307. doi: 10.1186/s12931-022-02221-4 

 30. Wijsenbeek, MS, Moor, CC, Johannson, KA, Jackson, PD, Khor, YH, Kondoh, Y , et al. Home monitoring in interstitial lung diseases. Lancet Respir Med. (2022) 11:97–110. doi: 10.1016/S2213-2600(22)00228-4

 31. Edwards, C, Costello, E, Cassidy, N, Vick, B, and Russell, AM. Use of the patientMpower app with home-based Spirometry to monitor the symptoms and impact of fibrotic lung conditions: longitudinal observational study. JMIR Mhealth Uhealth. (2020) 8:e16158. doi: 10.2196/16158 

 32. Cardeñosa, SC, Palomo, M, Francesqui, J, Alsina, X, Hernández, C, Albacar, N , et al. Home oxygen monitoring in patients with interstitial lung disease. Ann Am Thorac Soc. (2022) 19:493–7. doi: 10.1513/AnnalsATS.202103-319RL 

 33. Drent, M, Elfferich, M, Breedveld, E, Vries, J, and Strookappe, B. Benefit of wearing an activity tracker in Sarcoidosis. J Pers Med. (2020) 10:97. doi: 10.3390/jpm10030097 

 34. Vertigan, AE, Kapela, SL, Birring, SS, and Gibson, PG. Feasibility and clinical utility of ambulatory cough monitoring in an outpatient clinical setting: a real-world retrospective evaluation. ERJ Open Res. (2021) 7:00319–2021. doi: 10.1183/23120541.00319-2021 

 35. Kvapilova, L, Boza, V, Dubec, P, Majernik, M, Bogar, J, Jamison, J , et al. Continuous sound collection using smartphones and machine learning to measure cough. Digit Biomark. (2019) 3:166–75. doi: 10.1159/000504666 

 36. Khan, F, Stewart, I, Howard, L, McKeever, TM, Jones, S, Hearson, G , et al. The its not JUST idiopathic pulmonary fibrosis study (INJUSTIS): description of the protocol for a multicentre prospective observational cohort study identifying biomarkers of progressive fibrotic lung disease. BMJ Open Respir Res. (2019) 6:e000439. doi: 10.1136/bmjresp-2019-000439 

 37. Clynick, B, Corte, TJ, Jo, HE, Stewart, I, Glaspole, IN, Grainge, C , et al. Biomarker signatures for progressive idiopathic pulmonary fibrosis. Eur Respir J. (2022) 59:2101181. doi: 10.1183/13993003.01181-2021 

 38. Doyle, TJ, Patel, AS, Hatabu, H, Nishino, M, Wu, G, Osorio, JC , et al. Detection of rheumatoid arthritis-interstitial lung disease is enhanced by serum biomarkers. Am J Respir Crit Care Med. (2015) 191:1403–12. doi: 10.1164/rccm.201411-1950OC 

 39. Bowman, WS, Newton, CA, Linderholm, AL, Neely, ML, Pugashetti, JV, Kaul, B , et al. Proteomic biomarkers of progressive fibrosing interstitial lung disease: a multicentre cohort analysis. Lancet Respir Med. (2022) 10:593–602. doi: 10.1016/S2213-2600(21)00503-8 

 40. Kelich, J, Aramburu, T, van der Vis, JJ, Showe, L, Kossenkov, A, van der Smagt, J , et al. Telomere dysfunction implicates POT1 in patients with idiopathic pulmonary fibrosis. J Exp Med. (2022) 219:e20211681. doi: 10.1084/jem.20211681 

 41. Kropski, JA, Young, LR, Cogan, JD, Mitchell, DB, Lancaster, LH, Worrell, JA , et al. Genetic evaluation and testing of patients and families with idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. (2017) 195:1423–8. doi: 10.1164/rccm.201609-1820PP 

 42. Snetselaar, R, van Moorsel, CHM, Kazemier, KM, van der Vis, JJ, Zanen, P, van Oosterhout, MFM , et al. Telomere length in interstitial lung diseases. Chest. (2015) 148:1011–8. doi: 10.1378/chest.14-3078

 43. Juge, PA, Borie, R, Kannengiesser, C, Gazal, S, Revy, P, Wemeau-Stervinou, L , et al. Shared genetic predisposition in rheumatoid arthritis-interstitial lung disease and familial pulmonary fibrosis. Eur Respir J. (2017) 49:1602314. doi: 10.1183/13993003.02314-2016 

 44. Lorenzo-Salazar, JM, Ma, SF, Jou, J, Hou, PC, Guillen-Guio, B, Allen, RJ , et al. Novel idiopathic pulmonary fibrosis susceptibility variants revealed by deep sequencing. ERJ Open Res. (2019) 5:00071–2019. doi: 10.1183/23120541.00071-2019 

 45. Hobbs, BD, Putman, RK, Araki, T, Nishino, M, Gudmundsson, G, Gudnason, V , et al. Overlap of genetic risk between interstitial lung abnormalities and idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. (2019) 200:1402–13. doi: 10.1164/rccm.201903-0511OC 

 46. Allen, RJ, Porte, J, Braybrooke, R, Flores, C, Fingerlin, TE, Oldham, JM , et al. Genetic variants associated with susceptibility to idiopathic pulmonary fibrosis in people of European ancestry: a genome-wide association study. Lancet Respir Med. (2017) 5:869–80. doi: 10.1016/S2213-2600(17)30387-9 

 47. Juge, PA, Lee, JS, Ebstein, E, Furukawa, H, Dobrinskikh, E, Gazal, S , et al. MUC5B promoter variant and rheumatoid arthritis with interstitial lung disease. N Engl J Med. (2018) 379:2209–19. doi: 10.1056/NEJMoa1801562 

 48. Ley, B, Newton, CA, Arnould, I, Elicker, BM, Henry, TS, Vittinghoff, E , et al. The MUC5B promoter polymorphism and telomere length in patients with chronic hypersensitivity pneumonitis: an observational cohort-control study. Lancet Respir Med. (2017) 5:639–47. doi: 10.1016/S2213-2600(17)30216-3 

 49. Allen, RJ, Guillen-Guio, B, Croot, E, Kraven, LM, Moss, S, Stewart, I , et al. Genetic overlap between idiopathic pulmonary fibrosis and COVID-19. Eur Respir J. (2022) 60:2103132. doi: 10.1183/13993003.03132-2021 

 50. Borie, R, le Guen, P, Ghanem, M, Taillé, C, Dupin, C, Dieudé, P , et al. The genetics of interstitial lung diseases. Society. (2019) 28:190053. doi: 10.1183/16000617.0053-2019

 51. Planas-Cerezales, L, Arias-Salgado, EG, Buendia-Roldan, I, Montes-Worboys, A, Lopez, CE, Vicens-Zygmunt, V , et al. Predictive factors and prognostic effect of telomere shortening in pulmonary fibrosis. Respirology. (2019) 24:146–53. doi: 10.1111/resp.13423 

 52. Molina-Molina, M, and Borie, R. Clinical implications of telomere dysfunction in lung fibrosis. Curr Opin Pulm Med. (2018) 24:440–4. doi: 10.1097/MCP.0000000000000506 

 53. Newton, CA, Batra, K, Torrealba, J, Kozlitina, J, Glazer, CS, Aravena, C , et al. Telomere-related lung fibrosis is diagnostically heterogeneous but uniformly progressive. Eur Respir J. (2016) 48:1710–20. doi: 10.1183/13993003.00308-2016 

 54. Stock, CJW, and Renzoni, EA. Telomeres in interstitial lung disease. J Clin Med. (2021) 10:1384. doi: 10.3390/jcm10071384 

 55. Newton, CA, Zhang, D, Oldham, JM, Kozlitina, J, Ma, SF, Martinez, FJ , et al. Telomere length and use of immunosuppressive medications in idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. (2019) 200:336–47. doi: 10.1164/rccm.201809-1646OC 

 56. Planas-Cerezales, L, Arias-Salgado, EG, Berastegui, C, Montes-Worboys, A, Gonzalez-Montelongo, R, Lorenzo-Salazar, JM , et al. Lung transplant improves survival and quality of life regardless of telomere dysfunction. Front Med (Lausanne). (2021) 8:695919. doi: 10.3389/fmed.2021.695919 

 57. Adegunsoye, A, Morisset, J, Newton, CA, Oldham, JM, Vittinghoff, E, Linderholm, AL , et al. Leukocyte telomere length and mycophenolate therapy in chronic hypersensitivity pneumonitis. Eur Respir J. (2021) 57:2002872. doi: 10.1183/13993003.02872-2020 

 58. Shull, JG, Planas-Cerezales, L, Lara Compte, C, Perona, R, and Molina-Molina, M. Harnessing PM2.5 exposure data to predict progression of fibrotic interstitial lung diseases based on telomere length. Front Med (Lausanne). (2022) 9:871898. doi: 10.3389/fmed.2022.871898 



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Present and future perspectives in early diagnosis and monitoring for progressive fibrosing interstitial lung diseases



		1. Introduction



		2. Current and future directions



		2.1. The importance of multidisciplinary team discussion



		2.2. Imaging and CT quantitative analysis



		2.3. Home monitoring for PF-ILD



		2.4. Blood biomarkers



		2.5. Genetic biomarkers









		3. Discussion



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fmed-10-1114722-g001.jpg
etics
Clinicalcreening for predispositionto direct
testing fortelomerelength and telomere-related

genes.
Patientswith geneticpredisposition ikely to
progress faster than expected and have poor.
tolerance toimmunosuppressant treatment.

Biomarkers
Multiple biomarker signatures likely superiorto
single moleculetesting

N

mpT

Novel imaging techniques and CT
‘quantitative analysis
Infuturelikely to provide unbiased LD evaluation
and identifypatientsatrisk of progression (from
baseline data)
|

+ Essential to confirm ILD diagnosis
and assess progression
¥ Consider virtual MDT

PF-ILD

Early antifibrotic treatment and lung
transplant consideration

Continuous home monitoring
Spirometry, SpO2and coughmonitoring
to detectprogressionand complications

early.






OPS/images/fmed-10-1114722-t001.jpg
Defi

of progression

fibrosing ILDs

PPF criteria (1) “Two of the following criteria met within the last year without an alternative explanatio

1. Worsening respiratory symptoms

2. Lung function decline within 1 year of follow-up—either of absolute decline in forced vital capacity (VC) 2 5% predicted, or absolute
decline in DLCO (corrected for hemoglobin) > 10% predicted

3. Radiological progression—defined in the 2022 ATS/ERS/JRS/ALAT guids

(1) “as one or more of the follor

a. Increased extent or severity of traction bronchiectasis and bronchioloectasis
b. New ground-glass opacity with traction bronchiectasis

<. New fine reticulation

d. Increased extent or increased coarseness of reticular abnormality

. New or increased honeycombing

. Increased lobar volume loss™

INBUILD criteria (3) Atleast one of the following criteria met wi

in 24months, despite standard treatment with a therapy other than nintedas

pirfenidone:
1. Relative decline in the FVC > 10% of the predicted value

2. Relative decline in the FVC:>5% to <10% of the predicted value plus worsening respiratory symptoms or increased fibrosis on chest
HRCT
3. Worsening respiratory symptoms and increased fibrosis on chest HRCT
Pirfenidone in ulLD criteria (5) Either of the following criteria et within the previous 6 months:
1. Absolute decline in FVC > 5% of percent predicted or
2. Worsening respiratory symptoms not explained by cardiac, vascular, pulmonary (except ILD) or other causes

RELIEF criteria (6) Within 6-24months p

r to inclusion, annualized (absolute) decline in FVC 2 5%

Cottin et al. proposed criteria (7) Either of the following criteria met within a 24 month period:
1. Absolute decline in FVC> 10%
2. Absolute decline in DLCO> 15%
3. Worsening respiratory symptoms

4. Worsening radiological appearance accompanied by a > 5 to < 10% relative decrease in FVC

FVC = forced vital capacity, DLCO = diffusing capacity of the lung for carbon monoxide. HRCT = high-resolution computed tomography, ulLD = unclassifiable interstitial lung disease.





OPS/images/cover.jpg
, frontiers | Frontiers in Medicine

Present and future perspectives in
early diagnosis and monitoring for
progressive fibrosing interstitial
lung diseases












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’ frontiers Frontiers in Medicine






