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Abstract: Interstitial lung diseases comprise a heterogenous range of diffuse lung disorders, poten-
tially resulting in pulmonary fibrosis. While idiopathic pulmonary fibrosis has been recognized as
the paradigm of a progressive fibrosing interstitial lung disease, other conditions with a progressive
fibrosing phenotype characterized by a significant deterioration of the lung function may lead to
a burden of significant symptoms, a reduced quality of life, and increased mortality, despite treat-
ment. There is now evidence indicating that some common underlying biological mechanisms can be
shared among different chronic fibrosing disorders; therefore, different biomarkers for disease-activity
monitoring and prognostic assessment are under evaluation. Thus, understanding the common
pathways that induce the progression of pulmonary fibrosis, comprehending the diversity of these
diseases, and identifying new molecular markers and potential therapeutic targets remain highly
crucial assignments. The purpose of this review is to examine the main pathological mechanisms
regulating the progression of fibrosis in interstitial lung diseases and to provide an overview of
potential biomarker and therapeutic options for patients with progressive pulmonary fibrosis.

Keywords: progressive pulmonary fibrosis; biomarkers; antifibrotics; nintedanib; pirfenidone

1. Introduction

Interstitial lung diseases (ILDs) encompass a large and heterogeneous group of dis-
orders characterized by inflammation and fibrosis of the lung parenchyma, resulting in
a stiffening of the lungs [1,2]. Fibrosing-ILD (F-ILD) is characterized by fibrosis detected
on pathology or by the presence of honeycombing and/or traction bronchiectasis on high-
resolution computed tomography (HRCT) [3]. Although idiopathic pulmonary fibrosis
(IPF) is the archetypal F-ILD with a progressive phenotype, a proportion of patients with
other chronic fibrosing ILDs, such as chronic hypersensitivity pneumonitis (HP), connective
tissue disease-associated interstitial lung diseases (CTD-ILDs), pulmonary sarcoidosis, and
idiopathic non-specific interstitial pneumonia (iNSIP), may experience a similar clinical
course [4,5].

While many shared characteristics between IPF’s and other F-ILDs’ progressive phe-
notype have been recognized, some features in terms clinical, radiological, and histopatho-
logical presentations may diverge [6]. From a pathophysiological perspective, in IPF and
in other non-IPF ILDs, fibrosis is the final result, following the gradual loss of epithelial
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barrier integrity. Although the etiology of epithelial injuries generally differs, arising from
autoimmune mechanisms, chronic inhaled organic particles, or an unknown injury in
IPF patients and a mounting fibrotic response, is likely to be related with repetitive local
micro-injuries and the aberrant repair/regeneration of the epithelial barrier [7].

This progressive phenotype is characterized by a deterioration of respiratory symp-
toms, a decline in pulmonary function tests, ongoing radiological progression, a signifi-
cantly reduced quality of life, and higher mortality rates, despite the underlying treatment
of the disorders and the elimination of disease-promoting stimuli [8–10].

The term ‘progressive’ has been used for a long time in clinical and research scenarios;
however, the nomenclature of progression for the fibrotic phenotype has varied based
on worsening symptoms, pulmonary function, or imaging. More recently, the Official
ATS/ERS/JRS/ALAT Clinical Practice Guideline clarified the definition of progressive
pulmonary fibrosis (PPF), identifying PF-ILDs other than IPF with radiological evidence
of pulmonary fibrosis that satisfy at least two out of the following three criteria within
a 12-month period: worsening respiratory symptoms, an absolute decline in forced vital
capacity (FVC) of 5% or more or an absolute decline in diffusion capacity for carbon
monoxide (DLCO) of 10% or more within the previous year, and increased fibrosis on chest
CTs [4].

Epidemiologic studies on IPF have documented prevalence rates ranging from 1.3 to
42.7/100,000 people and incidence rates ranging from 2.8 to 19/100,000 people–year. Five-
year survival rates have been estimated between 20% and 40%, with a median survival
time of 2–5 years from diagnosis [6,11,12]. Evidence about the epidemiological data for PPF
patients is still limited. Hambly et al. evaluated the incidence of progression in patients with
fibrotic ILD during a 24-month follow-up [13]. They found that out of 2.746 patients with
fibrotic ILD, 50% met the PF-ILD ATS/ERS/JRS/ALAT criteria. In particular, progression
was developed in 59% of patients with IPF, 58% of patients with f-HP, 51% of patient
with unclassifiable ILD (U-ILD), and 45% of patients with CTD-ILDs. The estimated
prevalence of PPF ranges from 6.9 in European countries to 70.3 in the U.S./100,000 people,
while the estimated incidence ranges from 2.1 in European countries to 32.6 in the U.S./
100,000 people–years. Moreover, the percentages of patients with PF-ILDs, other than IPF,
harboring a progressive fibrosing phenotype ranges from 10.4 to 60.6%, and the median
survival is approximately three years, which is similar to IPF patients [14–16].

Despite the different etiologies among F-ILDs, there are often similarities in their
underlying pathological mechanisms and clinical and radiological features. In the present
review, the pathological mechanisms and key players of signaling pathways involved in
fibrosis progression as well as molecular markers and promising therapeutic targets to
prevent and/or tackle fibrosis progression are discussed.

2. Molecular Mechanisms of Pulmonary Fibrosis

The molecular distinction between IPF and other PF-ILDs is of profound importance
not only because IPF is characterized by a poorer prognosis compared to other PF-ILDs [17].
It also critical for the proper management of patients and for developing new therapeutic
strategies [18] (Figure 1). Driven by an increase of inflammation and an activation of p16-
pRb and p53 pathways, smoking represent a well-established risk factor for both epithelial
damage and AECII-accelerated senescence [19]. Likewise, endothelial dysfunction has
been associated with a heterogenous release of pro-inflammatory markers, growth factors,
chemokines, and cytokines [20]. In a similar manner, lung infection may contribute to the
development of cellular senescence [21]. Regarding IPF, a recurring alveolar epithelium
injury with a depletion of alveolar epithelial cells 1 (AECI) seems to be the first step
for initiating fibrotic changes. Aberrant repair mechanisms driven by alveolar epithelial
cells II (AECII) associated with accelerated cellular senescence progressively ensure the
endurance of pathological alterations and the development of self-perpetuating fibrosis [22].
Once pro-fibrotic factors are secreted, the differentiation and activation of myofibroblast,
a heterogeneous cell population able to express contractile proteins, extracellular matrix
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proteins, and fibrogenic cytokines, lead to a devastating accumulation of the extracellular
matrix (ECM) and tissue architecture distortion [23]. In addition to local fibroblast, some
controversies still exist about the causative role of the epithelial–mesenchymal transition
(EMT) into the genesis of myofibroblast precursors [24]. Interestingly, in a process defined
as mesothelial–mesenchymal transition (MMT), the differentiation of pleural mesothelial
cells into myofibroblast has been demonstrated [25]. Specifically, the authors reported
that a TGF-mediated reduction and loss of Wilms’ tumor 1 expression combined to an
upregulation of α-SMA may be crucial in MMT’s development [25].
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Figure 1. Biological and immunological mechanisms of pulmonary fibrosis. AECII: alveolar type
II cells; DM: dermatomyositis; ECM: extracellular matrix; EMT: epithelial–mesenchymal transition;
F-HP: fibrotic hypersensitivity pneumonitis; GFs: growth factors; IL: Interleukin; ILD: interstitial
lung disease; IPF: idiopathic pulmonary fibrosis; LPA 1: lysophosphatidic acid 1; LOXL: Lysyl
oxidase homolog; MMT: mesothelial–mesenchymal transition; NK-κB: nuclear factor kappa-light-
chain enhancer of activated B cells; PCMs: pleural mesothelial cells; PDE4B-I: phosphodiesterase
4B inhibitor; PDGF: platelet-derived growth factor; RA: rheumatoid arthritis; ROS: Reactive oxygen
species; SSc: systemic sclerosis; SHH: Sonic hedgehog; TNFα: tumor necrosis factor alpha; TAZ:
transcriptional coactivator with PDZ-binding motif; YAP: Yes-associated protein.
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In addition, despite that several involved pro-fibrotic factors have been identified, such
as the platelet-derived growth factor (PDGF), the tumor necrosis factor (TNF), endothelin-1,
the connective tissue growth factor (CTGF), and osteopontin, transforming growth factor
beta-1 (TGF-β1) remains one of the most important molecular drivers for IPF [18]. By the
activation of both SMAD-canonical and non-canonical signaling pathways, it is known to
modulate the transcription of several mediators, ECM components, growth factors, the
MMT involved in the development of fibrosis. Several kinases, such as mitogen-activated
protein kinases (MAPKs), the extracellular signal-regulated kinase (ERK), and p38 kinase
(p38 MAPK), have been involved in fibroblast proliferation and differentiation [26]. TGF-
β1 is also involved in the preservation of myofibroblast by attenuating their apoptosis
via the p-38 MAPK-PI3K-AKT pathway. Notably, an endothelin-1-mediated inhibition
of fibroblast apoptosis involves the same molecular pathway, independently from TGF-
β1 [27]. The interplay between TGF-β1 signaling and both Sonic hedgehog (Shh) and Wnt/
β-catenin has been demonstrated supporting its role in EMT and fibrosis sustainment [28].
Evidence demonstrates that expression levels of Wnt proteins were significantly elevated
in the lungs of patients with IPF compared to normal lungs [29–31]. Other mechanisms
supporting the role of Wnt proteins in lung fibrosis development include the activation of my-
ofibroblasts, the sustainment of cellular senescence, and promoting the pro-fibrotic phenotype
of fibroblasts [31,32]. The Yes-associated protein (YAP) and the transcriptional coactivator with
the PDZ-binding motif (TAZ), a core component of the Hyppo pathway, act as a sensor of cell
mechanical force and have been reported to be activated in IPF lung fibroblasts, where they
release pro-fibrotic factors and ECM proteins, resulting in an increase in ECM stiffness [33].
Alveolar macrophages represent another cellular population whose role seems to be relevant
to lung fibrosis development. M2-like macrophage polarization, TLR2 signaling, apoptosis
resistance, and TGF-β1 are some of the mechanisms activated in both resident and recruited
macrophages [18,34–36].

Concentrations of PDGF have also been found to be increased in BALF and lung samples
from patients with IPF [37]. PDGF, secreted by activated platelets and epithelial, inflammatory
and surrounding mesenchymal cells, stimulates the proliferation of lung fibroblasts and the
secretion of collagens and fibronectin through ERK1/2-dependent STAT1 activation [38].
CTGF is another important mediator of fibrosis, stimulating fibroblast proliferation and
increasing extra-cellular matrix protein synthesis by fibroblasts. It seems that CTGF’s role
depends on the concentrations of TGF-β, because CTGF functions as a downstream mediator
of TGF-β action [39].

PF-ILD represents an umbrella term which includes different types of ILDs charac-
terized by similar clinical behaviors but distinct driven mechanisms [40]. In CTD-ILDs,
there is the production of self-reactive T and B cells, with the development of circulating
autoantibodies leading to inflammation and organ damage.

The prototype of fibrotic disease is undoubtedly represented by systemic sclerosis (SSc),
whose lung involvement is often severe. The underlying mechanisms are different and not
completely understood. The damage and apoptosis of endothelial cells (ECs), leading to
perivascular inflammation, tissue hypoxia, and oxidative stress, are crucial in SSc patho-
genesis [41]. Similar to IPF, TGF-β plays a key role in fibrosis development in SSc patients.
The main pathogenetic event is characterized by small vessel vasculopathy due to autoan-
tibody production. The autoantibodies cause a fibroblast dysfunction with a subsequent
deposition of the extracellular matrix [8]. There is some accumulating evidence suggesting an
association between autoantibodies and the development of PF-ILD, particularly anti-Scl-70
and anti-PM/SCL. Specifically, in patients who express pathogenetic antibodies, a baseline
increase in TGF-β1 in fibroblasts is associated with high levels of Insulin-like growth factor
II (IGF-2), which in turn leads to a rise of TGF-β2 and TGF-β3, as has been observed. These
mechanisms finally contribute to a fibroblast-to-myofibroblast conversation, ECM protein
collagen deposition, and fibronectin upregulation [42] Moreover, the abnormal expression of
growth factors, such as PDGF1, PDGF2, and FGF, has been demonstrated in patients with SSc,
resulting in fibroblast proliferation and aberrant ECM deposition [43–45].
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Inflammation seems to be relevant in some non-IPF-ILDs such as hypersensitivity
pneumonitis (HP) as well as rheumatoid arthritis (RA). In subjects with HP, the exposure
to a wide variety of environmental antigen unleashes an immunological-mediated lung
disease, resulting in a development of autoimmune features, fibroblast activation, and
fibrosis. In a similar manner, in subjects with RA, an immune tolerance breakdown and an
aberrant immune system activation, due to a potential cross-reaction between citrullinated
proteins and similar antigens in the lungs, lead to the activation of inflammatory cells
and T-lymphocytes. This heterogenous cellular infiltration and subsequent release of
chemokines, growth factors, such as PDGF, and other cytokines, including IL-4, IL-13,
and TGF-β finally lead to the proliferation of myofibroblasts and fibrosis [46]. Matrix
metalloproteinases (MMPs) contribute to tissue remodeling pathways [47].

With an underlying genetic background, an aberrant amount of activated CD8+ T cells
are also found in patients with myositis-associated interstitial lung diseases. Viral infection
has been postulated to be a key triggering factor [48]. This may result in a granzyme B-
mediated cleavage of several aminoacyl-tRNA synthetases (ARSs), including histidyl-tRNA
synthetase, their transport from the lungs to lymph nodes, and the subsequent activation
of helper T-cell and B-cell proliferation. As the autoantibodies recognize the autoantigen
within the lungs, inflammation ignites and lung injury develops [48–50].

Lung stiffness represents a common hallmark of PF-ILDs and IPF. Interestingly, the
expression of Lysyl oxidase family members (LOXL1 and LOXL2), which are key factors
in ECM cross-linking, is increased in the lungs of IPF patients as well as other fibrotic
ILDs, such as systemic sclerosis, where it has been demonstrated to directly contribute to
extracellular matrix production and fibrosis [51,52]. Macrophages play a crucial role also
in non-IPF ILDs. Studies show that the infiltration of CD163-positive macrophages into
alveolar spaces is greater in fatal dermatomyositis-ILD than in survivors and increased
serum CD163 levels are associated with a higher mortality rate in DM-ILD subjects [53,54].

3. Serum Biomarkers for Diagnosing and Monitoring Pulmonary Fibrosis

A biomarker is an objectively measured characteristic that could be helpful for diagno-
sis, prognosis, or to evaluate the response to a therapeutic intervention. Although many
serum biomarkers have been suggested for monitoring the progression of PPF, validation
in prospective studies has not been obtained (Table 1).

Table 1. Serum biomarkers of pulmonary fibrosis. CCL15: Chemokine C-C motif ligand 15; CCL18:
Chemokine (C-C motif) ligand 18; CHP: chronic hypersensitivity pneumonitis; CTDs: Connective
tissue disorders; CXCR3: C-X-C chemokine receptors 3; CXCR4: C-X-C chemokine receptors 4; DLCO:
diffusing capacity for carbon monoxide; FVC; forced vital capacity; KL-6: Krebs von den Lungen 6; IL-6:
Interleukin-6; ILD: interstitial lung disease; IPAF: interstitial pneumonia with autoimmune features; IPF:
idiopathic pulmonary fibrosis; RA: rheumatoid arthritis; SSc: systemic sclerosis; TLC: total lung capacity.

Biomarker Population Findings References

Anti-CXCR3/CXCR4 SSc (n = 327)
# Patients with a deterioration of lung function

show lower anti-CXCR3/4 ab levels compared
with those with stable disease.

Weigold et al. [55]

Anti-Scl 70 SSc (n = 117) # Presence of anti-Scl 70 is a significant predictor
of ILD.

Wangkaew et al. [56]

Anti-SS-A/Ro52+ CTD/IPAF (n = 107) # Anti-SS-A is associated with rapid
ILD progression.

Nagy et al. [57]

CCL15 HP (n = 51)

# Serum CCL15 is significantly (p = 0.003) higher
in CHP patients (29.1 ± 2.1 µg/mL) than in
IPF patients (19.7 ± 1.3 µg/mL; p = 0.01) and
healthy controls (19.5 ± 1.7 µg/mL).

Watanabe [58]
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Table 1. Cont.

Biomarker Population Findings References

CCL18

IPF (n = 72) # Baseline concentration correlates with an
acceleration of the disease;

Prasse et al. [59]

SSc (n = 83) Tiev et al. [60]

SSc (n = 87)

# High baseline serum CCL18 concentrations
(>50 ng/mL) are predictors of mortality;

Khanna et al. [61]
# CCL18 is a predictive biomarker of lung

disease worsening;

# Potential surrogate of response to anti
IL-6 therapies.

IL-6 SSc (n = 286) # Serum IL-6 was significantly predictive of
DLCO deterioration.

De Lauretis [62]

KL-6

IPF (n = 89) # Higher FVC% predicted a decline with serum
KL-6 levels (≥1000 U/mL);

Wakamatsu et al. [63]

Early-SSc (n = 50) # KL-6 value of 1273 U/mL discriminates
patients who developed ESLD;

Kuwana et al. [64]

RA-ILD (n = 84)
# A high KL-6 level (≥685 U/mL) was an

independent prognostic factor for mortality
(hazard ratio [HR]: 2.984; p = 0.016);

Kim et al. [65]

HP (n = 49)

# Serum KL-6 levels correlated negatively with
TLC (r = −0.485; p = 0.0103) at 12 months;

# Serum KL-6 levels correlated negatively with
DLCO (r = −0.534; p = 0.0002) at 12 months;

Sánchez-Díez [66]

f-HP (n = 185) # High SP-D levels correlated with a
reduced survival.

Ejima et al. [67]

MMP7 IPF (n = 97)

# Baseline concentrations positively associated
with mortality;

# Baseline concentrations were negatively
correlated with DLCO.

Tzouvelekis et al. [68]

Monocytes

IPF (n = 37) # Monocyte levels correlate positively with the
extent of fibrosis.

Fraser et al. [69]

IPF (n = 2067)

# A monocyte count of >0.60 × 109 cells/L is
associated with IPF progression, all-cause
hospitalization, and all-cause mortality over
1 year.

Kreuter et al. [70]

IPF (n = 128)

# A change in monocyte count of
>0.50 × 109 cells/L from baseline is
significantly associated with all-cause
hospitalization;

# A monocyte count of >0.90 × 109 cells/L is
associated with all-cause mortality

Achaiah et al. [71]

Periostin IPF (n = 54)
# Upregulated during fibrotic responses;
# Baseline measurement may prognosticate the

disease course.
Naik et al. [72]
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Table 1. Cont.

Biomarker Population Findings References

RF RA (n = 60) # Baseline serum RF is significantly higher in
patients with progressive RA-ILD (p < 0.05).

Chen et al. [73]

SP-D IPF (n = 52)

# Both SP-A and SP-D concentrations are
significantly correlated with the extent of
alveolitis (reversible change);

Takahasi et al. [74]
# No correlation with the progression of fibrosis

(irreversible change);

# SP-D concentration is related to the extent of
parenchymal collapse and the rate of
deterioration per year in pulmonary function.

3.1. Idiopathic Pulmonary Fibrosis (IPF)

The clinical course of IPF remains difficult to predict, with some patients experienc-
ing a slowly progressive disease over years and others experiencing rapid progression
within months.

A great deal of research has investigated the role of monocytes and neutrophils as
potential biomarkers of progressive diseases. In these small studies, the monocyte levels
were associated with an extension of the fibrosis during CT scans and with lung function
decline [69,70]. Achaiah et al. found an association between monocyte levels and mortality;
likewise, a strong association was observed between the neutrophil levels, lymphopenia,
and the neutrophil–lymphocyte ratio (NLR) and a decline in the forced vital capacity (FVC)
of patients with IPF [71].

Among the serum biomarkers, Krebs von den Lungen (KL-6) has been the most studied
for assessing prognosis in all ILDs [75]. KL-6 is a high-molecular-weight glycoprotein,
encoded by human mucin-1 (MUC1), and is predominantly expressed on the surface of
alveolar type II pneumocytes and epithelial cells of the stomach, pancreas, and esophagus.
This glycoprotein has pro-fibrotic and anti-apoptotic effects on lung fibroblasts [76,77].
Wakamatsu demonstrated a greater FVC decline in a retrospective cohort of 89 IPF patients
with increased serum KL-6 levels (≥1000 U/mL) during follow-up compared with patients
with no KL-6 increase [63]. Furthermore, baseline KL-6 levels were associated with acute-
exacerbation (AE) risk and disease progression [63]. Similarly, in another research, KL-6 was
associated with radiologic features of progression, including the extension of reticulation
and honeycombing [78]. The role of KL-6 as a therapeutic biomarker during IPF acute
exacerbations has been tested in AE-IPF patients treated with a high dose of corticosteroids;
the survived patients presented a reduction in KL-6 levels [77]. Likewise, KL-6 might
predict ILD patients who may benefit better from antifibrotic therapies [79].

Surfactant protein D (SP-D) is another protein associated with lung damage and fibrosis.
SP-D might be a predictive indicator of the rate of decline in pulmonary function. Takahashi
et al. documented high levels of SP-D in IPF patients experiencing more severe vital capacity
(VC) and total lung capacity (TLC) decline [74]. As serum SP-D levels reflect alveolar epithelial
dysfunction in IPF patients, SP-D serial measurements might be informative in clinical practice,
providing response to treatment. Ikeda et al. found [80] a negative correlation between SP-
D levels and lung function parameters during a 52-week follow-up period in response to
pirfenidone therapy among IPF patients. In addition, matrix metalloproteinases (MMPs) are
key regulator proteases involved in fibrosis pathogenesis, modulating extracellular matrix
(ECM) degradation. MMP7 is one of the most promising prognostic biomarkers of IPF;
MMP7 has been associated with mortality, and baseline concentrations were negatively
correlated with DLCO [68]. Several studies marked a correlation between high MMP-7 levels,
disease severity, and the risk of progression [65]. Longitudinally, MMP-7 assessment may
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help to discriminate patients with a higher risk of disease progression and lung function
deterioration [81].

Likewise, periostin is upregulated during fibrotic responses, and baseline measure-
ments may prognosticate the disease course [72]. CC-chemokine ligand 18 (CCL18) is
another molecule produced by alveolar macrophages prompting the collagen produc-
tion by lung fibroblasts; in patients with IPF, high baseline serum CCL18 concentrations
(>50 ng/mL) were predictors of mortality and correlated with an acceleration of the dis-
ease [59]. Compared to KL-6 or SP-D, high CCL18 concentrations are more specific in
defining the worsening of lung function [59].

In another research focusing on the role of prognostic biomarkers both of IPF and SSc-
ILD, the authors found a significant association between IL-6 and a decline in gas exchange;
no significant association was reported for IL-8, CCL2/MCP-1, IL-10, CXCL10/IP-10,
the vascular endothelial growth factor (VEGF), the fibroblast growth factor (FGF)-2, and
CX3CL1/fractalkine [62].

Lastly, contrasting results about VEGF arose from a different research documenting that
VEGF levels could predict radiological and functional disease severity and progression [82].
According to a majority of studies, VEGF serum concentration increases as inflammation ad-
vances during IPF exacerbation, proving its role as a predictive disease progression biomarker
that is helpful in the early identification of those patients who respond to antifibrotic ther-
apy [82].

3.2. CTD-ILDs

As for IPF, a great deal of research has been conducted that focuses on the role of blood
biomarkers in progressive fibrosing CTD-ILDs [83,84]. At this time, the clinical course of a
CTD-ILD is highly variable, with some patients experiencing an accelerated loss of lung
function, while others progress slowly or exhibit a stable disease [85,86].

Nagy et al. identified anti-SS-A antibodies as prognostic factors associated with a
progressive disease [57]. Anti-SS-A antibodies, such as Ro52 and Ro60, are often useful
for autoimmune disease diagnosis, and anti-SS-A/Ro52+ also has a prognostic value in
SSc-ILD [57]. Previous small-cohort studies demonstrated that in anti-synthetase syndrome
or inflammatory myopathy, patients who are anti-SS-A antibody positive develop more
severe ILDs and are less responsive to immunosuppressive therapies [57]. The anti-Scl-
70 antibodies are frequently present in patients with diffuse cutaneous SSc and may be
associated with the faster progression of SSc-ILD. In particular, the presence of simultaneous
anti-Scl-70 antibodies and anti-centromere-antibody absence indicates a faster decrease in
FVC parameters and, therefore, an increased likelihood of progressive ILD, regardless of
skin involvement, optimizing the timing of antifibrotic treatment initiation in patients with
a high risk of progression [56,87,88].

Similarly, many other cytokines and growth factors have been associated with a higher
risk of progression of SSc-ILD.

In particular, high CCL18 baseline levels predict a >10% decline in FVC and a de novo
development of extensive fibrosis, being associated with a lower survival rate [60,89–91].
In addition, in early SSc-ILD, CCL18 has been shown to be a potential surrogate of re-
sponse to anti IL-6 therapy; SSc-ILD patients treated with tocilizumab who experienced
a minor functional decline also documented a major reduction in CCL18 [61]. Another
inflammatory marker, the C-reactive protein, could predict the long-term progression of
SSc-ILD, and higher levels are associated with a rapid functional decline [92]. The Genetics
Versus Environment in Scleroderma Outcome Study (GENISOS) study showed that CRP
can predict mortality in SSc patients, resulting in an early identification of SSc-ILD patients
who are more likely to experience worse clinical outcomes [91]. Likewise, the autoantibody
anti-chemokine receptors CXCR3 and CXCR4 have been associated with progressive phe-
notype SSc-ILD. In particular, patients with a deterioration of lung function showed lower
anti-CXCR3/4 antibody levels compared with those with a stable disease [55]. An immuno-
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suppressive therapy-induced decrease in plasma CXCL4 levels, with larger declines during
the first year of treatment, may serve as an effective biomarker for therapy efficacy [93].

As reported for IPF, IL-6 levels are significantly predictive of ILD progression/
mortality [62]. KL-6 is a serum biomarker studied in several ILDs, including CTD-ILDs. In
SSc-ILD patients, former small studies found that a higher KL-6 serum value (>500 U/mL)
correlated negatively with lung function and positively with radiological impairment or
the presence of extensive pulmonary fibrosis [94–96]. These recent findings were con-
firmed in a larger prospective cohort study, though no significant impact on mortality was
reported [97], while contrasting results were described in older studies [64,98]. Finally,
KL-6 was also studied as a therapeutic biomarker; in particular, a serum threshold of KL-6
levels of >2000 U/mL was able to differentiate patients with an unfavorable response to
corticosteroids or cyclophosphamide [96,99,100]. Despite the fact that baseline KL-6 levels
or their single measurement during the follow-up period cannot predict poor prognosis,
KL-6 kinetic changes may be helpful in monitoring disease progression in SSc, with a
reported cut-off of >193 U/mL [101].

Patients with RA can develop fibrosing ILD with rapid progression. Rheumatoid
factor (RF), an autoantibody secreted by specialized B cells targeting the Fc region of IgG,
contributes to the pathogenesis of RA by potentiating a cycle of immune-complex forma-
tion and complement fixation, which leads to additional autoantibody production [102].
Tyker et al. hypothesized a correlation between high-titer RF seropositivity and lung
function decline or mortality [84]. The authors found that patients with the highest RF
titers (≥60 IU/mL) have the greatest risk of disease progression and mortality, even after
adjusting for the GAP score, a predictive mortality score which considers gender, age, and
lung function and which is used in patients with IPF [103]. Previously, Nell et al. found an
association between high-RF titers and a progression of erosive joint disease in RA [104].
Chen et al. showed that the baseline titers of RF were significantly higher in patients with
progressive RA-ILD, and changes in serum levels of CXCL11 and MMP-13 over 5 years
were significantly associated with the progression of RA-ILD [73]. Identifying RA-ILD
patients with a progressive phenotype at an early stage can be facilitated through the iden-
tification of elevated anti-citrullinated peptide antibody (ACPA) levels, since its presence
is associated with high morbidity and mortality [105]. In addition, KL-6 is a circulating
marker that is also relevant for diagnosis and for progression in patients with RA-ILD.
Retrospective studies showed that serum KL-6 levels were associated with ILD progression
in patients with RA. Similar to IPF, in RA-ILD patients, KL-6 levels are associated with
pulmonary functional (FVC, DLCO, and TLC) and exertional parameters (6 min waking
distance). Likewise, the baseline KL-6 serum levels may predict patients with CTD-ILDs
who are at higher risk of progression [65,106,107]. These data were corroborated in a further
study on RA-ILD patients [108].

3.3. Other Fibrosing ILDs

HP is one of the most common ILDs. Sánchez-Dıez et al. showed elevated concen-
trations of serum KL-6 in fibrotic HP (fHP) patients as compared to non-fibrotic ones.
Moreover, the concentrations of serum KL-6 displayed a negative association with TLC and
DLCO [66]. Based on a large meta-analysis [109], HP patients have a higher expression of
KL-6 compared to normal individuals, with a substantial increase in patients with fibrotic
HP. Elevated KL-6 concentrations were found to be closely linked to the progression of
ILD as well as a substantial functional decline. As mentioned above for IPF patients, SP-D
is also prognostically useful in patients with fibrotic HP; in particular, high SP-D levels
are correlated with a reduced survival [67]. Another useful biomarker for HP is C-C motif
chemokine ligand 15 (CCL15), whose expression was increased in the lungs of fHP pa-
tients. In particular, higher CCL15 levels in bronchoalveolar lavage fluid (BALF) divided
by BALF albumin (BALF CCL15/Alb) was significantly associated with a greater decline in
pulmonary function over time [58].
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In addition, HP patients whose disease progressed or who died had higher baseline
YKL-40 levels than those who remained stable and survived [110]. Serum YKL-40 may be
also a promising biomarker for monitoring disease activity and the development of fibrosis
in patients with pulmonary sarcoidosis. Previously obtained data document a positive
relation between serum YKL-40 and the ratio between carbon monoxide diffusion capacity
and alveolar volume (DLCO/VA). In addition, serum YKL-40 levels are higher in patients
with active sarcoidosis than those with inactive sarcoidosis and directly correlate with
both sIL-2R and sACE levels in patients with active sarcoidosis, suggesting that YKL-40
is a marker for granuloma burden [111]. In sarcoidosis, the most well-established serum
biomarker is the serum angiotensin-converting enzyme (sACE). High serum levels of ACE
and IL2R, before treatment, correlate significantly with lung function improvement after
6 months of methotrexate treatment [112]. Lastly, CCL18, Chitotriosidase (CTO), and serum
amyloid A (SAA) have the potential to be used as a marker to monitor disease and predict
progression. CTO’s disease-prognostic role is demonstrated by its highest serum levels
that are present in patients with progressive diseases and by its reduction resulting from
prednisone or other immunosuppressant therapy [113–116].

Although the underlying molecular mechanisms are still not completely clear, anti-
melanoma differentiation-associated gene 5 (MDA5)-positive dermatomyositis (MDA5+
DM) is reported to be associated with rapidly progressive ILD (RP-ILD), resulting in high
mortality rates. However, significant disparities exist in the studied cohorts, and some
MDA5+ DM patients did not develop RP-ILD [117]. In this respect, the other aforemen-
tioned molecules, such as KL-6, SP-D, and the Anti-Ro52 antibody, may be considered as
prognostic biomarkers for these patients [118]. Although not specific to this disease, several
blood-based biomarkers, such as serum ferritin, YKL-40, neopterin, KL-6, SP-D, IL18, and
IFN-α, as well as antibody biomarkers, such as the Anti-Ro52 antibody or autoantibodies,
and the circulating immune cell biomarker CD3+T cell can aid in the early diagnosis,
prognosis, and treatment efficacy of DM-RPILD. Serum KL-6 is a specific biomarker for
ILD severity and progression in MDA5+DM patients, since elevated KL-6 levels in the first
four weeks of immunosuppressive treatment in MDA5+DM-ILD patients may indicate the
occurrence of intractable RPILD. Serum IL-18 levels decrease after treatment, indicating
that IL-18 levels can reflect a response to RPILD treatment in MDA5+DM patients [118].

4. Therapeutic Strategies in PPF
4.1. Idiopathic Pulmonary Fibrosis (IPF)

Several drugs have been developed against these abnormal fibrotic pathways (Table 2).
Presently, no curative pharmacological therapy is available for IPF; however, two antifi-
brotic drugs (nintedanib and pirfenidone) are approved and licensed for IPF treatment,
as they reduce the pace of functional decline as well the progression of fibrosis, limiting
acute exacerbations and influencing overall mortality [119–123]. While the efficacy of these
antifibrotic agents has been established and they are currently recommended in guidelines,
several other molecules are under investigation or are in the final stages of research.

Phosphodiesterase 4B (PDE4B) is part of the family of PDE4 inhibitors, which regulates
the production of pro- and anti-inflammatory cytokines via cAMP degradation. BI 1015550
is an oral preferential inhibitor of PDE4B. BI1015550 demonstrated anti-inflammatory activ-
ity, inhibiting TNF-α and IL-2 in human peripheral blood mononuclear cells. In addition, in
lung fibroblasts from patients with IPF, BI 1015550 inhibited TGF-β1-stimulated myofibrob-
last transformation, IL-1β-induced cell proliferation, the mRNA expression of extracellular
matrix proteins, as well as the fibroblast growth factor [124]. Therefore, co-administration
with the antifibrotic nintedanib appeared to be synergistic, while co-administration with
pirfenidone did not appear to have additional inhibitory effects in vitro [124]. More recently,
a multicenter, randomized, double-blind, phase-2 trial was conducted in patients with
IPF. The primary endpoint was a change from the baseline in FVC following 12 weeks
of treatment. Among patients without previous antifibrotic use, the FVC median change
was +5.7 mL in the group treated with BI1015551, compared with −81.7 mL in the placebo
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group, and in the same way, the FVC median change was +2.7 mL in the treated group
and −59 mL in the placebo group in patients who were already treated with nintedanib or
pirfenidone [125]. In the subsequent and ongoing phase-3 study (FIBRONEER-IPF trial)
(NCT05321069), patients with IPF are being randomized 1:1:1 to receive 9 mg or 18 mg of BI
1015550 or a placebo two times per day alone or in combination with the current antifibrotic
standard of care. The primary endpoint is the absolute change in FVC at week 52. Actually,
1177 participants are enrolled, and it is estimated that this study will be concluded within
November 2024 [126].

Table 2. Therapeutic strategies of IPF. CTGF: connective tissue growth factor; DP1: Prostaglandin D1;
EP2: Prostaglandin E2; FGF: fibroblast growth factor; FGFR: FGF receptor; IL-2: Interleukin 2; IL-4:
Interleukin 4; IL-13: Interleukin 13; LPA: A lysophosphatidic acid; LPAR1: lysophosphatidic acid
receptor 1; MMPs: matrix metalloproteinases; PDE4B: phosphodiesterase 4B; PDGF: platelet-derived
growth factor; PDGFR: PDGF receptor; PPAR: Peroxisome proliferator-activated receptor; rhPTX-2:
recombinant human pentraxin-2; TGF-β: transforming growth factor beta; TNF-α: tumor necrosis
factor α; VGFR: vascular endothelial growth factor receptor.

Molecule Route of
Administration Mechanism of Action Key Trials Status

BI 1015550 Oral

↓ PDE4b
↓ TNF-α
↓ IL-2
↓ FGF

↓ myofibroblast
transformation

FIBRONEER-IPF NCT05321069
NCT04419506 (Phase 2) Under evaluation

BMS 986278 Oral
LPAR1 antagonist
↓ myofibroblast

activation
NCT04308681—Phase 2 Under evaluation

Pirfenidone Oral

↓ TGF-β
↓ PDGF
↓ TNF-α
↓ IL-13
↓ IL-4

↑ MMPs

ASCEND—NCT01366209
Capacity 1—NCT00287729
Capacity 2—NCT00287716

SP3—Japanese

Approved

Nintedanib Oral
FGFR inhibitor

PDGFR inhibitor
VGFR inhibitor

INPULSIS-1—NCT01335464
INPULSIS-2—NCT01335477 Approved

Pamrevlumab Intravenous ↓ CTGF ZEPHYRUS 2—NCT04419558 Not approved

PRM-151 (rhPTX-2) Intravenous ↓ Inflammation
↓ Fibrosis

WA42404—NCT02550873
STARSCAPE—NCT04552899 Not approved

Treprostinil Inhaled

↑ EP2
↑ DP1
↑ PPAR

↓ Cell proliferation
↓ Collagen synthesis

↓ Inflammation
↓ Fibroblast
proliferation

INCREASE—NCT02630316
TETON—NCT04708782 Under evaluation

Ziritaxestat Oral ↓ Autotaxin
↓ LPA

ISABELLA 1—NCT03711162
ISABELLA 2—NCT03733444 Not approved

Moreover, treprostinil, a prostacyclin mimetic analogue that also acts on prostaglandin
receptors, in particular, on prostaglandin E receptor 2 (EP2) and prostaglandin D receptor
1 (DP1), is under evaluation for IPF. In vivo studies on EP2 and DP1 found that trepros-
tinil administration resulted in reduced fibroblast proliferation, collagen secretion, and
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fibroblast-to-myofibroblast differentiation [127]. Inhaled treprostinil was related with
advantages limiting FVC deterioration and the acute exacerbations of underlying lung
diseases in a phase-3 study—the INCREASE trial—in patients with precapillary pulmonary
hypertension due to ILDs, including IPF. These promising results, coupled with data of
preclinical models about the antifibrotic activity of treprostinil, have prompted a further
investigation into IPF [128]. TETON is the first phase-3 randomized clinical trial (RCT)
(NCT04708782) evaluating inhaled treprostinil in IPF patients [129]; this study will be
concluded within June 2025, and results will be available by 2026.

Fibrotic diseases can be mediated by lysophosphatidic acid (LPA), which signals via
six LPA receptors (LPA1–6). BMS 986278 is a high-affinity small-molecule antagonist of
LPA1. A phase-2 trial (NCT04308681) showed that 600 mg of BMS-986020 BID significantly
reduced the rate of decline in FVC from the baseline to week 26 when compared with a
placebo in patients with IPF [130]. Autotaxin is the enzyme responsible for LPA production.

Two phase-3 RCTs, ISABELA 1 and ISABELA 2, assessed the efficacy and safety of the
autotaxin inhibitor (GLPG1690), ziritaxestat, in patients with IPF. The trials were terminated
early because of an increased mortality in the ziritaxestat group, and the drug did not
improve clinical outcomes compared with the placebo in patients with IPF receiving the
standard of care treatment with pirfenidone or nintedanib or in those not receiving the
standard of care treatment [131]. Possible explanations for the failure of the ISABELA
trial include the interaction with underlying antifibrotic therapies, possibly leading to a
significant increase in nintedanib levels with subsequential unpredicted side effects. In the
previous phase-2a study, ziritaxestat was administered as a monotherapy.

Another prematurely interrupted RCT was the randomized, double-blind, placebo-
controlled, multicenter phase-3 ZEPHYRUS trial, which aimed to assess the efficacy and
safety of pamrevlumab—a connective-tissue-growth-factor (CTGF) inhibitor in patients
with IPF. The primary endpoint was a change from the baseline for FVC at week 48.
The results show a mean decline in FVC from the baseline to week 48 of 260 mL in the
pamrevlumab arm and of 330 mL in the placebo arm. Furthermore, this study did not meet
the secondary endpoint. Based on these results, the clinical trial was stopped [132].

Pentraxin-2 (PTX2) inhibits the expression of TGF-B, the central fibrosis mediator, and the
differentiation of monocytes into pro-fibrotic macrophages and fibrocytes. Despite promising
results in terms of safety and efficacy arising from the preliminary phase 2 trial [133], the
intravenous infusion of recombinant human pentraxin-2 (rhPTX-2) failed to meet the primary
endpoint in the phase-3 trial [134].

4.2. CTD-ILDs

Therapies for patients with CTD-ILDs are currently based on immunosuppressive
agents, although their efficacy in slowing disease progression is not fully elucidated, and
the quality of evidence for some disorders is not remarkable. Therefore, the antifibrotic
agents already approved for IPF treatment have been tested in RCTs in patients with
CTD-ILDs (Table 3).

The INBUILD study investigated the efficacy of nintedanib in patients with progressive
phenotype F-ILDs, including CTD-ILD patients [135]. Eighty-two patients in the trial
had a CTD-ILD (mainly, RA-ILD and SSc-ILD). this study documented a reduction in
the annual rate of FVC decline, and, therefore, nintedanib was licensed for progressive
phenotype F-ILDs. Similar results were reported in the Safety and Efficacy of Nintedanib
in Systemic SClerosIS (SENSCIS) trial, showing the impact of nintedanib on SSc-ILD,
leading to regulatory agencies approving this medication as an additional treatment for
this disorder [136].
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Table 3. Add-on options for treatment of CTD-ILDs. CTD: connective tissue disease; ILD: interstitial
lung disease; MCTD: Mixed connective tissue disease; PDE4bi: phosphodiesterase 4 inhibitor; RA-
ILD: rheumatoid arthritis—ILD; SSc-ILD: scleroderma-associated—ILD.

RA-ILD

Molecule Key Trials Recommendation

BI 1015550 (PDE4Bi) NCT05321082 Under evaluation as per PPF

Nintedanib INBUILD—NCT02999178 Recommended for ILD progression
despite first-line treatment

Pirfenidone TRAIL 1—NCT02808871 Not recommended

SSc-ILD

Molecule Key Trials Recommendation

BI 1015550 (PDE4Bi) NCT05321082 Under evaluation as per PPF

Nintedanib INBUILD—NCT02999178
SENSCIS—NCT02597933

Recommended as additional first-line
ILD option

Pirfenidone NCT03856853
SLSIII—NCT03221257 Not recommended

Tacrolimus INSIST—
CTRI/2021/11/037864 Under evaluation

Tocilizumab focuSSced—NCT02453256 Recommended as first-line preferred
ILD option

Other CTD-ILDs (Myositis, MCTD, Sjogren)

Molecule Key Trial Recommendation

BI 1015550 (PDE4Bi) NCT05321082 Under evaluation as per PPF

Nintedanib INBUILD—NCT02999178 Recommended for ILD progression
despite first-line treatment

Likewise, the efficacy of pirfenidone was also evaluated in SSc-ILD and RA-ILD. The
randomized, double-blind, placebo-controlled, phase-2 trial, TRAIL1, assessed the safety,
tolerability, and efficacy of pirfenidone for the treatment of patients with RA-ILD. This
trial was stopped early due to slow recruitment and did not reach the primary end point
(≥10% decline in FVC% was predicted or a death over 52 weeks), but the rate of decline
in FVC in the pirfenidone group was −66 mL/year, compared with −146 mL/year in
the placebo group, a relative reduction of 55% [137]. The efficacy of pirfenidone as an
add-on therapy in SSc-ILD has been reported in several case reports and retrospective
studies [138–141]. However, a study conducted on SSc-ILD found no significant difference
in the efficacy of pirfenidone in improving or stabilizing lung functions [142]. Subsequently,
Scleroderma Lung Study III demonstrated that the combination of mycophenolate and
pirfenidone led to a more rapid improvement of FVC, though an increase in adverse side
effects was reported [143]. Therefore, altogether, these data do not support the use of
pirfenidone for non-IPF ILDs.

In the pre-antifibrotic era, immunosuppression was long considered the cornerstone
of CTD-ILD treatment with two main purposes: ILD-onset prevention and the deceleration
of ILD progression once existent. In RA, an historical debate about the role of methotrexate
(MTX), which is considered to be highly effective for articular involvement but with poten-
tial lung toxicity, has been reappraised based on large data documenting a beneficial effect
of MTX in preventing RA-ILD [144], reducing RA-ILD progression [145], and improving
RA-ILD mortality [146]. Similarly, a protective role of abatacept (Aba)—a T-cell-activation
inhibitor—and rituximab (RTX)—an anti-CD20 chimeric monoclonal antibody—in ILD pro-
gression has been postulated. Very interestingly, a recent metanalysis of 10 phase-3 clinical
trials suggests that the combination of MTX and Aba might be complementary in limiting
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ILD development. The magnitude of this effect was higher in younger subjects without a
smoking history, high disease activity (DAS28), and RF or ACPA positivity and with no
prior TNF-inhibitor or corticosteroid use. At the same time, there is strong evidence about
other biological and targeted synthetic disease-modifying antirheumatic drugs (b/t sD-
MARDs), and a recent metanalysis suggests that tofacitinib—a novel JAK-inhibitor—might
play a major preventive role in preventing ILD among RA patients [147].

SSc-ILD treatment is also based on immunosuppressors that are based on high quality
RCTs. Originally, CYC was tested versus a placebo in RCTs, confirming a benefit in terms
of FVC and TLC, as well some patient-reported outcomes—including dyspnea—despite
a major risk of adverse events/toxicities [148]. Subsequently, in Scleroderma Lung Study
II, MMF showed non-inferiority versus CYC with a favorable safety profile. Both studies
confirmed that FVC improvement remains stable at 24 months [149]. Other more recent
evidence also emerged from other immunosuppressive agents. The INSIST Trial, a single-
center, open-label, prospective, randomized, controlled pilot study, compared the efficacy
of tacrolimus versus MMF in patients with progressive SSc-ILD. The primary endpoint
was the difference in change in the FVC rate at 24 weeks; secondary outcomes included
an absolute change in FVC, skin scores, and 6MWD. Tacrolimus produced a comparable
improvement of MMF in all primary and secondary endpoints, with a favorable safety
profile in patients with SSc-ILD [150]. The focuSSced trial, a multicenter, double-blind,
placebo-controlled, phase-3 trial, suggests that TCZ may have the potential to preserve lung
function in patients with early diffuse SSc-ILD and elevated acute-phase reactants [151].
More limited evidence of lower quality is present for other CTD-ILDs.

The results of the abovementioned studies have led to a recent update of the American
College of Rheumatology (ACR) Guideline for the Treatment of Interstitial Lung Disease
in People with Systemic Autoimmune Rheumatic Disease (SARD), despite the fact that a
full text of this manuscript has still not been published. The summary of this guideline
provides evidence-based recommendations for first-line ILD treatments, the treatment
for ILD progression despite first-line treatment, and the treatment of rapidly progressive
ILD (RP-ILD) [152]. In particular, for patients with SSc-ILD, either MMF, TCZ, or RTX
is recommended as a first-line option, with a strong recommendation against the use
of glucocorticosteroids (GCs). Conversely, MMF, AZA, and RTX are potential first-line
treatments for RA-ILD, mixed CTD-ILD, and Sjogren’s-associated ILD, whereas in these
cases, a short-course of GCs can be associated. Additional second-line therapies—including
CYC, AZA, TCZ, and JAK-i—can be considered in all the mentioned CTD-ILDs, whereas
these are not included as first-line strategies. Particularly complex is the pharmacolog-
ical management of myositis-associated ILDs, because of the substantial heterogeneity
of their clinical courses and the lack of evidence-based guidelines. Recent studies have
highlighted the importance of evaluating myositis-specific autoantibodies, in particular,
the anti-melanoma differentiation-associated gene 5 (MDA5) and anti-aminoacyl tRNA
synthetase (ARS) antibodies, in order to evaluate clinical phenotypes and treatment choices.
The anti-MDA5 antibody phenotype is associated with rapidly progressive ILD with a poor
prognosis. These patients require immediate combined immunosuppressive treatment with
high-dose glucocorticoids and calcineurin inhibitors (CNIs). Patients with rapidly progres-
sive ILD should be treated with a more aggressive triple-combination therapy of high-dose
glucocorticoids, CNIs, and intravenous cyclophosphamide. In patients with refractory
ILDs despite adequate treatments, including triple-combination therapies, additional sal-
vage therapies (such as rituximab, tofacitinib, and plasma exchange) should be evaluated.
Patients with ILD and anti-ARS antibodies respond better to glucocorticoid treatment, but
with frequent relapses. Therefore, treatment with glucocorticoids and immunosuppressants
is often necessary to achieve favorable long-term disease control. Randomized controlled
trials are needed to resolve clinical questions such as which immunosuppressant is most
suitable for initial induction therapy or long-term maintenance therapy in patients with
idiopathic inflammatory myopathies [153]. Nintedanib can be used in other CTD-ILDs,
according to the INBUILD criteria. As per IPF, the PDE-4b inhibitor—BI 1015550—is under
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current investigation in PPFs—including CTD-ILDs—in the study NCT05321082. Results
are to be available by 2025.

4.3. Sarcoidosis

The treatment of sarcoidosis is currently indicated in the case of extensive ILD or
pulmonary fibrosis or when it involves critical organs, especially the eyes and heart. Glu-
cocorticoid treatment with 20 mg of prednisone once a day remains the cornerstone of
treatment. For patients with symptomatic pulmonary sarcoidosis who have been treated
with glucocorticoids and have continued disease or unacceptable side-effects from glu-
cocorticoids, the addition of methotrexate, azathioprine, Leflunomide, mycophenolate
mofetil, or Hydroxychloroquine has been suggested. Patients treated with glucocorticoids
and other immunosuppressive agents and who have progressive pulmonary disease or ex-
trapulmonary manifestations (cardiac and CNS), the addition of infliximab or adalimumab
could be considered [154]. Pulmonary sarcoidosis can progress to fibrosis in approximately
5% of patients, leading to a decline in lung function, respiratory failure, and death. The
efficacy of antifibrotic agents in sarcoidosis with fibrosis is an area of ongoing research. The
efficacy of pirfenidone in fibrotic sarcoidosis is being studied in a clinical trial [155], while
nintedanib is licensed for PPF [135]. In recent years, there have been several early-phase
trials of novel therapeutic agents in fibrotic pulmonary sarcoidosis. NCT05415137 [156]
is the most advanced ongoing drug trial in pulmonary sarcoidosis. This multicenter ran-
domized, double-blind, placebo-controlled phase-3 study will evaluate the safety and
efficacy of two IV doses of Efzofitimod (a novel fusion protein immunomodulator that
selectively binds the immunoregulatory receptor Neuropilin-2) given every 4 weeks to
patients with pulmonary sarcoidosis who receive stable doses of oral corticosteroids taken
with or without an additional immunosuppressant therapy. Likewise, NCT04064242 [157]
is a multi-national randomized, double-blind, placebo-controlled phase-2 study evaluating
the safety, efficacy, and tolerability of CMK389 (a fully human IgG1 monoclonal antibody
directed against IL-18) given every 4 weeks for 16 weeks in patients with chronic pulmonary
sarcoidosis. Finally, NCT05314517 [158] is a randomized, double-blind, placebo-controlled
phase-2 trial with an open-label extension evaluating the safety and efficacy of Namilumab
(a fully human IgG1 monoclonal anti-GM-CSF antibody) given every 4 weeks for a total of
26 weeks, followed by an optional 28 weeks in patients with chronic pulmonary sarcoidosis.
The results of the abovementioned RCTs will add novel information to the therapeutic
landscape of sarcoidosis.

4.4. Fibrotic HP

For hypersensitivity pneumonitis (HP), exposure assessment and antigen avoidance
are critical for the management of these patients. The latest guidelines for the diagnosis of
HP propose that patients be categorized as having non-fibrotic (purely inflammatory) HP
or fibrotic HP (mixed inflammatory and fibrotic or purely fibrotic) [159].

For non-fibrotic HP, the first approach is steroid therapy (such as prednisolone) with
slow tapering at the minimum useful dosage, while the evidence basis for the use of im-
munomodulators is poor. Some retrospective analyses have shown an improvement in lung
function after a year of treatment with MMF or azathioprine [160–162]. However, another
retrospective study found no difference in lung function decrease or survival between
patients treated with azathioprine or MMF plus prednisone or only prednisone [163]. A
retrospective study of 20 patients showed that treatment with rituximab for 6 months
led to the stabilization or improvement of FVC and DLCO in patients with HP whose
disease had not improved following antigen avoidance and corticosteroid therapy [164].
Immunosuppression is also commonly used in the treatment of fibrotic HP but has not
been shown to slow the progression of this disease. Despite future RCTs being required to
confirm its efficacy, both immunomodulant agents AZA and MMF were tested for fibrotic
HP. Terras et al. [162] demonstrated that the oral administration of AZA for 2 years is
associated with a significant improvement in FVC and a slight but nonstatistical increase in
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DLCO and 6MWT. Similar results in improving lung function as assessed for DLCO were
documented using both MMF or AZA for 1 year [160].

Antifibrotic therapy should be considered in patients with progressive fibrosing ILDs,
as in the INBUILD study, wherein 173 patients with fibrotic HP were included [135]. Like-
wise, pirfenidone was investigated as a treatment for fibrotic HP. Unfortunately, the phase-3
trial was underpowered due to the COVID-19 pandemic and did not meet the primary
endpoint (rate of FVC decline at 52 weeks). However, improvements in progression free
survival (PFS) and significant impacts on FVC decline at 26 weeks have been reported [123].
These data corroborate another study on pirfenidone in PPF—the RELIEF study. While
this study was prematurely terminated due to futility and slow enrollment, an analysis of
the data from the 127 patients that enrolled, of whom 57 had fibrotic HP, demonstrated a
smaller decline in FVC% as predicted over 48 weeks in patients who received pirfenidone
versus a placebo [165].

5. Conclusions

PF-ILDs represent a heterogenous family of diffuse lung conditions characterized by
progressive lung function deterioration and a reduced quality of life due to lung fibrosing
alterations. The therapeutic scenario has witnessed promising steps forward for patients
affected by PF-ILDs. However, outcomes differ among patients. In this respect, novel
biomarkers for the prompt recognition of progressive phenotypes as well as for predicting
a positive response to treatment are required.
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