
Introduction
Interstitial Lung Disease (ILD) is an umbrella term comprising 

more than 200 types of diffuse parenchymal lung disorders with 
varied clinical, radiographic and pathological manifestations. A 
subset  of  ILDs  show progressive fibrotic phenotype. Progressive

fibrotic ILDs are characterized by worsening respiratory 
symptoms, radiological progression and decline in lung function, 
poor response to therapies, poor quality of life and early 
mortality [1]. Idiopathic Pulmonary Fibrosis (IPF) is the most 
common progressive fibrosing ILD of unknown cause that shows 
a Usual Interstitial Pneumonia (UIP) pattern on radiology and 
histopathology examinations. IPF is characterized by progressive 
worsening of lung function and has a high risk of mortality due 
to respiratory failure, especially in patients with comorbidities 
such as infection, lung cancer, ischemic heart disease [2]. Risk 
factors associated with the development and worsening of IPF 
were occupational and environmental exposures to metal and 
wood dusts, pesticide, agricultural work, smoking, as well as the 
presence of viral or bacterial infections [3,4]. Diagnosing IPF 
requires excluding alternative causes of fibrosing ILD, broadly 
categorized into systemic and exposure-related disorders [5,6]. 
Classified as a rare disease, IPF has an estimated adjusted 
incidence and prevalence ranging from 0.09 to 1.30 and from 
0.33 to 4.51 per 10,000 persons, respectively [7].

There are a number of ILD conditions which can develop 
progressive fibrosis (Figure 1). The term Progressive Pulmonary 
Fibrosis (PPF) covers subtypes of ILDs other than IPF that also 
show progressive fibrotic features. A significant proportion 
(18%-32%) of patients with ILDs other than IPF developed PPF 
despite initial treatment, mirroring the observed patterns in IPF 
[8-10]. Age, smoking, dyspnoea at disease onset, low lung 
functions and fibrotic hypersensitivity pneumonitis were 
reported among the potential risk factors [11,12]. The current 
international clinical practice guideline published by the 
American Thoracic Society, European Respiratory Society, 
Japanese Respiratory Society and Latin American Thoracic 
Society (ATS/ERS/JRS/ALAT) in 2022 defined PPF separately from 
IPF; PPF was defined as at least two of the following 3 criteria 
occurring during the first year after diagnosis: (i) worsened 
respiratory symptoms (cough and/or dyspnoea); (ii) either a 
decline of ≥ 5% absolute Forced Vital Capacity (FVC) or a decline 
of ≥ 10% absolute diffusing capacity for carbon monoxide; (iii) 
increase in fibrosis on High Resolution Computed Tomography 
(HRCT) [6]. The exact prevalence of PPF is unknown. The recent 
real-world   cohort   study   in   patients   with  ILDs  has  reported
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Abstract
 Fibrosing Interstitial Lung Diseases (ILDs) are a 
heterogeneous group of conditions primarily affecting 
people aged ≥ 50 years. Idiopathic Pulmonary Fibrosis (IPF), 
the most common fibrosing ILD is a chronic progressive and 
irreversible condition with a high risk of mortality, especially 
in individuals with comorbidities. The term Progressive 
Pulmonary Fibrosis (PPF) covers ILDs other than IPF that also 
show progressive fibrosing phenotype. IPF and PPF are 
devastating parenchymal lung diseases with poor prognosis, 
resulting in progressive respiratory failure and death. IPF 
and PPF share common pathological, radiological and 
histologic features and have similar clinical course of disease 
progression. However despite their similarities, drug 
development appears to be progressing separately. Chronic 
administration of anti-fibrotic drugs, i.e., nintedanib and 
pirfenidone, has shown a significant reduction in the rate of 
forced vital capacity decline and mortality and are currently 
approved for IPF treatment. Recent studies have also 
demonstrated the clinical efficacy of these drugs in PPF 
patients. We conducted a non-systematic literature search 
for peer reviewed articles and clinical trials to review 
available data regarding the similarities in pathogenesis and 
progression pathways between IPF and PPF and discuss 
current challenges in the management of these conditions. 
Based on the available scientific evidence, we propose it is 
timely to treat IPF and PPF as similar conditions, at least in 
terms of patient management and unified approaches are 
reasonable to be implemented in future clinical trials for 
both IPF and PPF.
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progressive phenotype in approximately 25% of non-IPF 
fibrosing ILDs [13]. In 2021, the estimated global prevalence of 
PPF ranged from 6.9 to 70.3 per 100,000 individuals, with an 
estimated incidence of 2.1 to 32.6 per 100,000 person-years 
[14]. According to a health economic study conducted in 2022, 
approximately 87,000 individuals were estimated to be affected 
by PPF other than IPF in the European Economic Area, annual 
exacerbations were between 22,401 and 31,181 and deaths 
between 5791 and 6171. The annual aggregate income loss was 
estimated at €1433 million which suggest a significant economic 
impact of non-IPF and PFF [15].

IPF and PPF share common pathological mechanisms, 
prognosis and radiological and histologic features, however, drug 
development seems mainly focused on IPF alone. While anti-
fibrotic drugs are currently recommended for the treatment of 
patients with IPF, recent studies have shown potential clinical 
effect in slowing disease progression in patients with PPF 
[16-19]. Considering these similarities and the unmet need for 
new therapies for both patient populations, we advocate for a 
common drug development approach.

Literature Review
We conducted a non-systematic PubMed search for peer-

reviewed articles published over the past 5 years using the 
following search terms (individually and in combination): 
Idiopathic pulmonary fibrosis, progressive pulmonary fibrosis, 
progressive interstitial lung disease, pulmonary fibrosis, 

pathogenesis, diagnosis, treatment and co-development in IPF 
and PPF. Following an initial screening of titles and abstracts, 
relevant papers were retrieved and subjected to full-text 
screening. Although the literature search was mainly focused on 
review articles and meta-analyses, further scrutiny of 
publications was performed during the full-text screening and 
original papers deemed relevant for the topic were also 
included. To determine the number of clinical trials assessing 
interventions for IPF, PPF and both PPF and IPF, an additional 
search was conducted on the U.S. National Library of Medicine’s 
ClinicalTrials.gov. This search included all interventional clinical 
trials completed, withdrawn, or ongoing up to 17 November 
2023. The results identified 481 trials for IPF alone, 45 for PPF 
alone and 11 for both IPF and PPF. Among these 11 trials, five 
investigated medicinal products, two of which were already 
licensed for use in patients with IPF and/or PPF.

Similarities between IPF and PPF
The pathogenesis of PPF is yet to be fully elucidated however 

it is suggested to be similar to IPF in which normal epithelial 
repair becomes disrupted with proliferation of keratin-17 
positive cells in areas of fibrosis. Injured epithelial cells induce 
activation of transforming growth factor β which results in 
differentiation of fibroblasts into myofibroblasts and leads to 
excessive matrix proteins and remodeling [21]. Macrophages are 
recruited and activated, releasing cytokines which drive the 
fibrotic process, including Platlet Derived Growth Factor (PDGF). 
The development of a fibrotic response in different ILDs likely 
shares a similar core fibrotic pathway. The transcriptional 
signatures of IPF and other ILDs exhibit similar upregulation of 
numerous profibrotic genes and pathways, including collagen 
metabolism and collagen fibril organisation. Similar genetic 
susceptibility and common genomic risk factors (gene 
polymorphism, telomere shortening) have been identified 
between IPF and Rheumatoid Arthritis-Associated ILD (RA-ILD)
[22], Hypersensitivity Pneumonitis (HP) [23] and autoimmune ILD 
[24]. Lung epithelial cell glycoproteins KL-6 and MMP7 could be 
considered as serum biomarkers indicative of ILD progression in 
both IPF and different fibrosing ILDs [25,26]. Cellular senescence, 
mitochondrial dysfunction and immune dysregulation have also 
been considered among common pathological mechanisms to 
induce disease progression [27,28].

IPF and PPF share common radiological and histologic features 
of Usual Interstitial Pneumonia (UIP) [29]. HRCT reveals fibrotic 
changes, including irregular reticulation, ground glass opacities, 
traction bronchiectasis, honeycombing and volume loss, meeting 
radiological criteria for UIP [6,30]. The histological features of 
UIP are well known in IPF are also well described in PPF. It is 
characterized by a patchwork appearance of alternating scarred 
and normal lung tissue, architectural distortion and fibroblastic 
foci. When patterns of UIP are seen on biopsy or HRCT in non-IPF 
processes, such as RA-ILD, chronic HP, and interstitial pneumonia 
with autoimmune features populations, the disease survival is 
similar to that in IPF [24,31].
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Figure 1: Type of Interstitial Lung Diseases (ILDs) associated with 
a progressive fibrosing phenotype [20].
Note: CTD-ILD: Connective Tissue Disease Associated Interstitial 
Lung Disease (including Rheumatoid Arthritis Associated ILD 
(RA-ILD), Systemic Sclerosis Associated ILD (SSc-ILD), myositis 
associated ILD); HP: Hypersensitivity Pneumonitis; iNSIP: 
idiopathic Nonspecific Interstitial Pneumonia; g/f PF: genetic 
and/or familial Pulmonary Fibrosis; IPAF: Interstitial Pneumonia 
with Autoimmune Features; uILD: unclassifiable ILD. (Reproduced 
with permission of the ©ERS 2024).
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Current therapeutical approaches
Despite extensive research, curative drug therapies remain 

unavailable. Progressive fibrosing ILDs have been treated with 
corticosteroid and immunosuppressive therapies. However, the 
lack of clear effectiveness and associated long-term adverse 
effects have challenged the adequacy of these therapies, 
indicating the need for an efficacious treatment.

Nintedanib and pirfenidone are two authorised anti-fibrotic 
drugs for IPF treatment. Nintedanib is a tyrosine kinase inhibitor 
that targets the adenosine triphosphate-binding pocket of 
enzymes, thereby blocking intracellular signaling and action of 
multiple growth factors receptors such as Platelet-Derived 
Growth Factor Receptor (PDGFR), the Vascular Endothelial 
Growth Factor Receptor (VEGFR) and the Fibroblast Growth 
Factor Receptor (FGFR) [32]. Pirfenidone, a pleiotropic drug with 
anti-inflammatory and anti-fibrotic effects, mitigates fibroblast 
proliferation [33]. Both drugs have demonstrated a significant 
reduction in the rate of FVC decline by approximately 50% over 1 
year, accompanied by a reduction in mortality [32,33].

Given the similarities in fibrotic pathways between IPF and 
PPF, anti-fibrotic therapy has been considered a promising 
therapy to slow disease progression in non-IPF disorders. 
Considerable efforts have been made in this regard and results 
from recent studies have showed that both nintedanib and 
pirfenidone reduce the FVC decline and slow disease progression. 
In the INBUILD study, a phase 3, randomized, placebo-controlled 
study, the annual rate of decline in FVC was -80.8 ml per year in 
the nintedanib group, significantly lower than in the placebo 
group (-187.8 mL per year) [34]. The effect of nintedanib 
compared with placebo on attenuating the FVC decline was 
consistent across the ILD subgroups [35]. A study comparing 
placebo recipients from the pivotal phase 3 trials in patients with 
IPF, INPULSIS 1 and 2, and INBUILD (patients with PPF other than 
IPF) trial has showed that the annual rate of decline in FVC 
(Figure 2) and the proportion of patients with 10%or >5% decline 
in FVC at 12 months were similar [36].
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Figure 2: Mean observed FVC change from baseline (mL) over 
time from (A) INPULSIS 1 and INPULSIS 2 studies (pooled data) 
and (B) INBUILD study. Error bars depict Standard Error of the 
Mean (SEM). Note:            Placebo;           Nintedanib 150 bid, 
FVC: Forced Vital Capacity; bid: Twice daily.

    The phase 2b RELIEF trial, although prematurely terminated 
due to futility caused by slow recruitment, has shown that 
pirfenidone can reduce disease progression (i.e., FVC decline) in 
patients with PPF [37]. In the SENSCIS trial, nintedanib treatment 
of patients with systemic sclerosis associated ILD over 52 weeks 
resulted in an annual decline in FVC of 41.0 mL per year (p=0.04) 
as compared with placebo [38]. In a pre-specified subgroup 
analysis of the SENSCIS trial, the annual rate of decline in FVC in 
patients who received nintedanib in combination with 
mycophenolate was lower (26.3 mL per year) than in those who 
only received nintedanib (55.4 mL per year). Safety and 
tolerability profiles of nintedanib and pirfenidone in these trials 
were acceptable. In patients with connective tissue disease-
associated ILD and RA-ILD, meta-analysis of available results has 
shown a significant reduction of 61.35 mL per year in annual FVC 
decline with nintedanib and 80.00 mL per year with pirfenidone 
[19]. Another recent meta-analysis of pooled data from 
randomized controlled trials with nintedanib and pirfenidone 
have shown similar efficacy between anti-fibrotic drugs and a 
significant reduction in mortality in both IPF and non-IPF 
populations [16].

   Real-world data from a multicenter, prospective, observational 
registry supported the beneficial effect of anti-fibrotic therapy 
on survival and transplant-free survival, irrespective of baseline 
disease severity, compared with no anti-fibrotic therapy [39]. IPF 
and PPF were independent predictors of transplant-free survival 
and no difference in transplant-free survival were seen between 
IPF and PPF [40,41]. On the other hand, anti-fibrotic drugs used 
as monotherapy or in combination with immunosuppressive 
therapy have shown to be beneficial in IPF and PPF patients 
undergoing lung transplantation [42]. A recent European expert 
group consensus statement on pulmonary fibrosis has 
highlighted the importance of using anti-fibrotic therapy early in 
PPF, particularly when initial management fails to prevent 
progression, a viewpoint increasingly supported by scientific 
evidence [43]. Additionally, ATS practice guideline has also 
recommended nintedanib for PPF in patients who have failed 
standard management for fibrotic ILD [9,44].

   Systematic literature reviews and meta-analyses have been 
conducted to assess the impact of nintedanib [18] and 
pirfenidone [17] on disease progression, lung function, 
respiratory symptoms, adverse effects and mortality in PPF 
populations. Although the quality of evidence was considered 
low, mainly due to the low number of studies and small sample 
sizes, a mean reduction in FVC decline of 107 mL and 100 mL 
were observed with nintedanib and pirfenidone, respectively, as 
compared with placebo. There was no statistically significant 
difference in other lung function parameters, respiratory 
symptoms, or mortality. Based on these and other published 
evidence, the ATS/ERS/JRS/ALAT committee has made a 
conditional recommendation for the use of nintedanib in PPF 
considering the significant reduction in disease progression and 
the reversibility of common adverse events upon treatment 
discontinuation. No recommendation has been made for 
pirfenidone [6].
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Discussion

Future perspectives in drug development
Despite extensive research efforts, no curative drug therapies 

are available for patients with progressive ILDs. In the IPF setting, 
initiation of anti-fibrotic therapy is well established and 
recommended even before significant progression occurs and 
considering the available literature data, this could be a 
reasonable approach also in the PPF setting. Efficacy and safety 
of anti-fibrotic therapy have been demonstrated to be 
comparable between IPF or non-IPF settings with progressive 
fibrosis, supporting the hypothesis of a common pathogenesis.

PPF exhibits heterogeneity in its aetiology, and currently, no 
established biomarkers for disease progression exist. 
Consequently, predicting which patients will experience 
progression of lung fibrosis poses a significant challenge. In the 
absence of biomarkers, long-term clinical trials are required to 
demonstrate the prevention of disease progression, which may 
present feasibility challenges. Previous trials enrolled patients 
with documented progression; however, administering 
treatment earlier could be more beneficial for patients by 
further delaying lung function decline. Moreover, as licenced 
therapies become available, investigational products may need 
to be added to the licenced treatments, potentially resulting in a 
smaller effect size.

While developers could undertake separate studies in IPF or 
non-IPF populations, such development strategy could have 
feasibility issues. The low incidence of IPF and PPF and the 
competition between sponsors for patients create challenges in 
recruiting and retaining participants. Moreover, the assessment 
of disease progression in individual fibrotic ILDs is complicated 
by the selection of underpowered study groups, needs 
multicenter collaboration and clear definitions of endpoints. 
Patient fatigue and breathlessness can pose challenges to travel, 
visit length and completion of on-site assessments. Additionally, 
a lack of information and support can amplify the anxiety and 
negativity experienced by participants [45].

Comparing investigational drugs with a true placebo would be 
considered unethical. Alternatively, a new drug candidate could 
still be tested against a placebo in clinical trials limited to a 
significant minority of patients who discontinue licenced 
therapy due to tolerability issues [46].

Considering the urgent and unmet need for new and 
innovative treatments, it would be beneficial and timely to treat 
both IPF and PPF (UIP pattern) as similar diseases, at least in the 
context of clinical trials and drug development. Beside the ATS/
ERS/JRS/ALAT clinical practice guideline, other national agencies 
have also issued recommendations and position statements 
related to the diagnosis and treatment of IPF and PPF, admitting 
the importance of multidisciplinary collaborative management of 
patients [47,48].

  Drug development strategies combining progressive fibrotic 
phenotypes, something similar to  basket trial design in oncology,

would enhance clinical trial feasibility and address the current 
high therapeutic need in these conditions. Although a dose-
finding study could be conducted in either population, a 
confirmatory phase 3 study should enrol both populations. The 
analysis could report an overall treatment effect in both 
subgroups. Additionally, the use of adaptive study design could 
further enhance drug development. Future drug development 
should extend beyond slowing the decline in lung function to 
include arresting the process of fibrosis, early identification of 
patients at risk of PPF, and the development of predictive 
biomarkers [49]. New therapies targeting various pathways of 
disease progression and promoting lung repair or regeneration 
will provide additional advancements for patients.

Conclusion
There is an increasing understanding of the similarities 

between IPF and PPF (especially with UIP pattern) in terms of 
disease progression, prognosis, histological changes and 
radiographic and clinical features. International consensus 
guidelines recommend commencing anti-fibrotic therapies early 
following diagnosis in IPF and PPF patients once initial 
management has failed. Based on the current understanding of 
both conditions, this article suggested a unified development 
pathway should be considered from both clinical and regulatory 
perspective. While we admit the potential limitations of the 
present work, e.g., non-systematic nature of the literature 
search and the paucity of authorized therapies, we consider that 
such collaborative development would aid the authorization of 
new therapies in a timely manner for the benefit of patients and 
society in general. Ultimately, a common development would 
help address a high unmet therapy need in both populations to 
improve life expectancy and quality of life of the patients.
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