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Abstract: Pirfenidone and Nintedanib are specific drugs used against idiopathic pulmonary fibrosis
(IPF) that showed efficacy in non-IPF fibrosing interstitial lung diseases (ILD). Both drugs have side
effects that affect patients in different ways and have different levels of severity, making treatment
even more challenging for patients and clinicians. The present review aims to assess the effectiveness
and potential complications of Pirfenidone and Nintedanib treatment regimens across various ILD
diseases. A detailed search was performed in relevant articles published between 2018 and 2023
listed in PubMed, UpToDate, Google Scholar, and ResearchGate, supplemented with manual research.
The following keywords were searched in the databases in all possible combinations: Nintedanib;
Pirfenidone, interstitial lung disease, and idiopathic pulmonary fibrosis. The most widely accepted
method for evaluating the progression of ILD is through the decline in forced vital capacity (FVC), as
determined by respiratory function tests. Specifically, a decrease in FVC over a 6-12-month period
correlates directly with increased mortality rates. Antifibrotic drugs Pirfenidone and Nintedanib
have been extensively validated; however, some patients reported several side effects, predominantly
gastrointestinal symptoms (such as diarrhea, dyspepsia, and vomiting), as well as photosensitivity
and skin rashes, particularly associated with Pirfenidone. In cases where the side effects are extremely
severe and are more threatening than the disease itself, the treatment has to be discontinued. However,
further research is needed to optimize the use of antifibrotic agents in patients with PF-ILDs, which
could slow disease progression and decrease all-cause mortality. Finally, other studies are requested
to establish the treatments that can stop ILD progression.

Keywords: idiopathic pulmonary fibrosis; Nintedanib; Pirfenidone; interstitial lung disease; forced
vital capacity

1. Introduction

Interstitial lung diseases (ILDs) comprise nearly a fifth of all lung diseases. ILDs
are a heterogeneous group of disorders classified into distinct entities, each with specific
clinical, radiological, and pathological characteristics [1-8]. Most ILDs are characterized
by a progressive distortion of airway architecture, leading to reduced lung volume and
gradual loss of lung function, which can eventually result in respiratory failure [2-9].

Idiopathic pulmonary fibrosis (IPF) accounts for about 20% of ILDs, although once
considered a rare disorder, its incidence and prevalence are increasing globally. The world’s
highest prevalence occurs in South Korea with 4.51 cases per 10,000 persons, whereas in
Europe, according to the most recent evidence in the literature, the estimated prevalence of
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IPF is estimated to be between 0.33 and 2.51 per 10,000 inhabitants [3,10-16]. The prevalence
is estimated to be higher in men than in women, with a median age of 60 years old [4,17-25].

IPF is a chronic, progressive fibrosing interstitial pneumonia of unknown cause,
characterized by the progressive worsening of lung function and physiological impairment
associated with a poor prognosis, and it shares radiographic pattern of usual interstitial
pneumonia (UIP), as shown in Figure 1.

Figure 1. CT lung scan of a 75-year-old male patient at the time of UIP diagnosis at our center,
after Pirfenidone was started. The CT scan in boxes (A,B) show traction bronchiectasis (red ar-
row) and honeycombing areas mainly located at the basal zone (red asterisk). CT images in boxes
(C,D) were acquired after 3 years of follow up and specific therapy and show progression in findings
already present (red arrow and asterisk) together with septal thickening (yellow square), another UIP
radiological feature.

Several risk factors are implicated in pathogenesis of idiopathic pulmonary fibrosis,
including environmental factors, smoking, viral infections, and other comorbidities. When
the lung is exposed to innumerable injuries, it enacts a series of repair and recovery pro-
cesses that are finely synchronized with each other. However, in some cases, especially in
predisposed individuals, continuous alveolar epithelial injury can lead to several conse-
quences, including profibrotic epigenetic reprogramming, premature senescence, excessive
production of profibrotic factors, and the activation of mesenchymal cells, which could lead
to the development of pulmonary fibrosis [5,26-29]. The fibrosis process that characterizes
ILDs and the associated hypoxemia led to pulmonary vasoconstriction and a reduction
in angiogenesis through various pathological mechanisms, which result in, among other
things, a reduction in capillary density. These conditions, secondary to a state of chronic
inflammation, increase the risk of developing pulmonary hypertension (PH), which is
part of the natural history of patients with ILD. This process is particularly pronounced
in patients with SC-ILD, where the vasculitic aspect is predominant. The combination of
interstitial pathologies and PH thus leads to a further worsening at the level of the alveolus—
capillary membrane, which results in a deterioration of gas exchange, and consequently,
lung function, which results in a clinical worsening of dyspnoea [30-32].

IPF is a chronic and complex lung disease whose pathophysiology is not yet fully
elucidated, which is why the management of these patients is difficult and mainly focused
on improving health status, preserving lung function, and, ideally, ameliorating survival
and quality of life [31-36].
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To date, the pharmacological options for the treatment of IPF are Nintedanib and
Pirfenidone, two drugs designed to slow disease progression that have shown to have
similar effects in real life [6,7,31-36].

Nintedanib acts as a triple tyrosine kinase inhibitor (TKI) targeting the receptor kinases
of platelet-derived growth factor (PDGF), fibroblast growth factor (FGF), and vascular
endothelial growth factor (VEGEF). These receptors play a crucial role in IPF pathogenesis
by inhibiting the proliferation and activation of human fibroblast, reducing the release of
profibrotic and inflammatory mediators, decreasing extracellular matrix deposition, and
inhibiting vessel proliferation [8,35]. Its antifibrotic and anti-inflammatory activities have
been demonstrated in multiple in vitro assays and animal models of lung fibrosis [37-43].
A 2019 in vitro and in vivo study also examined the impact of Nintedanib on pulmonary
hypertension (PH), elucidating its mechanisms of action. The study demonstrated that
this medication enhances hemodynamics and mitigates vascular remodeling, including
reductions in neointimal lesions and medial wall thickening, thereby displaying anti-
vascular remodeling effects.

Pirfenidone (5-methyl-1-phenyl-2-[1H]-pyridone) acts by regulating tumor necrosis
factor (TNF) and transforming growth factor-§ (TGF-3) pathways, inhibiting fibroblast
proliferation and collagen deposition. These mechanisms explain its antifibrotic and anti-
inflammatory effects [9-11], which have been validated in various in vitro and in vivo trials.

Moreover, Pirfenidone has been demonstrated to have a significant statistical impact on
the decline of forced vital capacity (FVC), and it is better than other antifibrotic drugs [9,10];
s0, it was approved for the treatment of IPF in Europe in 2011 and in the USA in 2014.

The introduction of these two pharmacological options has revolutionized ILD man-
agement. Both drugs have demonstrated the ability to slow disease progression in terms
of lung function and reduce the rate of hospitalizations and associated mortality due to
respiratory diseases. However, to date, the impact of antifibrotic drugs appears to be less
significant on patients’ symptoms, and in some cases, they are poorly tolerated. Therefore,
the approach to ILD patients must be multimodal, incorporating not only antifibrotic drugs
but also symptom management through rehabilitation, addressing risk factors and comor-
bidities, and providing patient support. Additionally, involvement in clinical trials could
be beneficial.

The main objective of this work is to review recent advances in the management
of fibrosing ILD, focusing, in particular, on IPF, post-COVID-19 fibrosis, interstitial lung
disease associated with systemic sclerosis (SSc-ILD), ILD associated with rheumatoid
arthritis (RA-ILD), idiopathic inflammatory myopathies (IIM)-ILD, and stage IV sarcoidosis
by comparing the two main antifibrotic drugs and assessing any difference in efficacy on
fibrosis progression, tolerability, and use in clinical practice.

2. Pirfenidone and Nintedanib in ILDs

Antifibrosant drugs are widely used in IPF and SSc-ILD; beyond this pathology, we
deepened their therapeutic use in post-COVID-19 fibrosing interstitial disease, rheumatoid
arthritis, and sarcoidosis with lung involvement and, finally, in idiopathic inflammatory
myopathies (IIM)-ILD [32-34].

Many clinical trials have proven the efficacy of Pirfenidone in IPF. The multinational
randomized pivotal trial CAPACITY and ASCEND found that Pirfenidone reduces the
decline of forced vital capacity (FVC), which reflects a slowing down of disease progression,
an increased six-minute walking test (6MWT) distance, and higher progression-free survival
compared to placebo [29,31].

This is related to a reduced risk of death since the decline in FVC is validated as the
most important predictor of mortality in patients with IPF [32], and no significant effect on
acute exacerbation of IPF was nevertheless demonstrated in these studies [33].

Pirfenidone allows the tapering or the interruption of other therapies, such as corticos-
teroids or immunosuppressive agents [34].
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Regarding Nintedanib, two pivotal, phase 3 randomized controlled trials, the INPULSIS-
1 and INPULSIS-2, showed a reduced decline in FVC in patients treated with 150 mg of
Nintedanib twice daily compared to placebo over 52 weeks of treatment, which is related
with a reduced progression of the disease. Although, no relevant modifications were
observed in the number of exacerbations or on the St. George’s Respiratory Questionnaire
(SGRQ) [38].

These findings were later confirmed by real-life studies [39-45].

Few comparative studies between the two drugs were performed, and they showed
no statistically significant differences [42—46].

Even if the use of Pirfenidone and Nintedanib slows down the progression of the
disease and reduces all-cause mortality in long-term studies [26,47], IPF has a progressive
and fatal outcome, and further research is required. The future possibility of treatment could
be an association of the two molecules because they act on different pathogenic mechanisms
in fibrogenesis, and this could lead to an improvement of the outcome compared to the
single therapy [47]. The risk of combining the two drugs could be the increase in adverse
events; but, in recent studies conducted on combination therapies, these effects were
manageable [47,48].

Systemic sclerosis (SSc) is a connective tissue disease (CTD) that affects multiple organs,
including skin, blood vessels, heart, lungs (Figure 2), kidneys, and the gastrointestinal sys-
tem. It is associated with significant morbidity and mortality, primarily due to fibrosis and
vasculopathy. ILD is a common manifestation of SSc and a leading cause of related death.

Figure 2. Radiological images of a 72-year-old man with SSC-ILD (A-D). CT scans show the main
features of NSIP, which is the most common pattern in patients with systemic sclerosis. In particular,
traction bronchiectasis (in the blue square) (C,D), ground glass areas (yellow asterisk) (C,D) with a
symmetrical distribution and mainly peripheral and lower lobe involvement, and reticular opacities
(green arrow) (A) are noted. The blue arrow also indicates the dilated esophagus (B), another feature
observed in patients with systemic sclerosis.

According to the latest European Alliance of Associations for Rheumatology (EULAR)
guidelines, the treatment of SSc-ILD is based on the immunosuppressants mycophenolate
(MMF) and Cyclophosphamide (CYC). The American Thoracic Society (ATS) guidelines
have also recently expressed a therapeutic approach for SC-ILDs, agreeing on the use of my-
cophenolate and expressing conditional favor regarding Cyclophosmide and Nintedanib,
possibly in combination with mycophenolate. With regard to Pirfenidone, however, it was
pointed out that further research is needed [49-52].

The well-known “INBUILD” study established that in patients with progressive
fibrosing interstitial lung diseases, including SSc-ILD, the annual rate of decline in FVC
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was significantly lower among patients who received Nintedanib compared to those who
received placebo [53]. This was confirmed by the SENSCIS study that demonstrated an
annual rate of change in FVC of —52.4 mL per year in patients treated with Nintedanib
compared with —93.3 mL in the placebo group (difference, 41.0 mL per year; 95% confidence
interval [CI], 2.9 to 79.0; p = 0.04) [54].

A subgroup analysis of the SENSCIS study highlighted that a combination of MMF
and Nintedanib could offer a safe therapeutic option for patients with SSc-ILD, with a
similar tolerability profile compared to MMF alone. However, further data are necessary to
demonstrate the effective benefit of the initial combined therapy compared to a sequential
approach [55]. Several studies have demonstrated the effectiveness of the drug for up
to 100 weeks. Regarding tolerability, the occurrence of gastrointestinal side effects in
patients treated with Nintedanib is frequent, and dose reductions or interruptions were
more frequent in female patients, who are known to be the most affected by SSc [55].

Finally, Nintedanib showed no particular effect in terms of efficacy on dermatological
lesions, as observed by the change from the baseline in the modified Rodnan skin score, and
the total score on the SGRQ at week 52 did not differ significantly between the study groups,
with differences of —0.21 (95% CI, —0.94 to 0.53; p = 0.58) and 1.69 (95% CI, —0.73 to 4.12
[unadjusted for multiple comparisons]), respectively [53].

We can affirm that Nintedanib could be a valid therapeutic opportunity in SSc-ILD,
especially in progressive pulmonary fibrosis (PPF). However, further data are needed
to justify its use in the initial stages of the disease, especially by carrying out a careful
risk-benefit ratio regarding the onset of side effects.

Despite having distinct triggers, both IPF and SSc-ILD share common pathophysiolog-
ical processes, involving the conversion of fibroblasts into a myofibroblastic phenotype and
the excessive accumulation of extracellular matrix, a process that Nintedanib can regulate
according to its mechanism of action [53-55].

Pirfenidone has received less comprehensive evaluation in SSc-ILD; however, there
are still studies that have assessed its efficacy and safety profile.

The LOTUSS clinical study highlighted that the drug is safe and well tolerated, even
when combined with MME. In fact, although most patients developed Treatment-Emergent
Adverse Events, these rarely caused a suspension of the drug, especially when the titration
of the drug occurred in 4 weeks instead of 2 [56]. The RELIEF study, an RCT on progressive
fibrotic ILD that also included patients with SSc, showed that Pirfenidone slows the course
of the disease, especially in relation to the decline of FVC. Unfortunately, this study was
stopped due to slow recruitment [57].

The Scleroderma Lung Study III (SLS III) trial compared the efficacy of the combination
of MMF and Pirfenidone versus MMF alone as active therapy for scleroderma-related
ILDs. This study was discontinued because it failed to involve the intended number
of participants, having only enrolled 51 out of the targeted 150 patients; therefore, the
results are only partially interpretable, and further studies are necessary. Nevertheless, no
difference in overall improvement was found between MMF and MMF plus Pirfenidone at
18 months. However, there was a more rapid improvement in the 6-month predicted FVC
rate, patient-reported outcomes, and High-Resolution Computed Tomography (HRCT) in
the combination group [58]. In patients with scleroderma, where the underlying pathology
may already involve skin manifestations, the dermatological side effects of Pirfenidone
become even more significant and may pose a greater challenge in managing side effects.
At present, available data and the small number of patients who have been tested with
this drug do not allow us to endorse its use in patients with Sc-ILD. As the guidelines
also indicate, future studies with larger sample sizes are necessary to provide a favorable
opinion on this therapy.

SARS-CoV-2 infection can result in post-acute-phase sequelae (PASC), causing a dis-
ruption of alveolar architecture characterized by collagen fiber deposition and increased
cellular activity, ultimately leading to fibrosis formation. Moreover, it has been estimated
that the prevalence of post-COVID-19 fibrosis is approximately 30 times higher than that of
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IPF [59-61]. However, it must be taken into account that these data refer to the sequelae of
a disease declared a pandemic by the World Health Organization (WHO) in March 2020.
The significant activation of fibroblasts in pulmonary fibrosis depends on the activation of
various pathways, such as the signal transducer and activator of transcription 3 (STAT3),
reactive oxygen species (ROS), and Interleukin-6 (IL6) on TGF( [62]. Elevated plasma
concentrations of VEGF, PDGEF, and FGF have been observed in COVID-19 patients, sug-
gesting the potential effectiveness of Nintedanib. Moreover, this agent has been shown to
downregulate the expression of IL-1 and IL-6, pivotal cytokines in the COVID-19 cytokine
storm associated with lung fibrogenesis. In the meantime, environmental factors and
patient-related comorbidities are also connected to the development of post-COVID-19
fibrosis, such as a history of smoking, age, hospitalization, prolonged stay in an intensive
care unit, mechanical ventilation, and chronic alcoholism [63]. Pirfenidone and Nintedanib
have been studied as therapies for the treatment of fibrosis after SARS-CoV-2 infection.
Available studies are observational and conducted on small samples, including case series
and reports. They report the efficacy of PASC early lung sequelae, and most of them have
not been examined in the recent review by Alrajhi addressing post-COVID-ILD, which
highlighted the scarcity of high-quality data [64-72]. Sahajal Dhooria et al. conducted a mul-
ticenter, retrospective survey study of subjects administered Pirfenidone or Nintedanib for
post-COVID-19 interstitial lung abnormalities. Antifibrosant drugs were prescribed in 2%
of patients, and 70% of them had significant or partial improvement in lung abnormalities
on radiology. The authors suggested the need for larger studies with case—control groups to
understand the actual usefulness of antifibrosants in this type of pathology [73]. Among the
various case reports considered, Bussolari et al. discussed three cases of patients suffering
from respiratory failure due to SARS-CoV-2 infection requiring orotracheal intubation
with the radiological development of interstitial lung disease. Throughout hospitalization,
Nintedanib was administered at its maximum dosage, and a gradual improvement in
radiological findings of interstitial disease was observed, indicating a potential role for
Nintedanib in modulating lung inflammation and promoting healing [71].

Ogata et al. reported on a patient with post-COVID-19 fibrosis treated with both
steroids and Nintedanib who had reduced their oxygen support from high flow to 4 L/min
after three months of therapy [66]. In a prospective study conducted by Bugra Kerget et al.,
30 patients were randomized in a 1:1 ratio to receive either Nintedanib or Pirfenidone. Both
treatment groups showed improvement, with Nintedanib demonstrating a more favor-
able response. The assessment of improvement included parameters such as pulmonary
function tests, 6 min walk test (6MWT), peripheral oxygen saturation, and radiological CT
scans [66].

However, the actual effectiveness of the two drugs requires further studies and demon-
strations that, in fact, some molecular aspects of post-COVID-19 fibrosis are not com-
pletely explained by the phlogistic aspect of the infection alone [74]. Furthermore, a
retrospective observational study conducted by Narongkorn Saiphoklang et al. showed
that Nintedanib in post-COVID-19 fibrosis did not improve outcomes, such as 60-day
mortality or radiographic findings, but led to an improvement in the SpO2/FiO2 ratio,
concluding that further studies are necessary before the use of antifibrotic therapy [75].
In this regard, there are already several studies concerning the role of both Pirfenidone
(FIBRO-COVID, NCT04607928) and Nintedanib (NINTECOR, NCT04541680) for PCILD.
Finally, the PINCER trial (NCT04856111) will compare the safety and efficacy of these
established antifibrotic treatments in a phase 4 study.

Antifibrotic agents in stage IV sarcoidosis are an area of ongoing research [76]. Pir-
fenidone efficacy in sarcoidosis with lung fibrosis is currently being studied in a clini-
cal trial [77]. Nintedanib efficacy in sarcoidosis patients is evaluated for 52 weeks on
Nintedanib vs. placebo. Nintedanib use was associated with reduced ILD progression, mea-
sured with a decline in predicted FVC > 10% (HR 0.66 [95% CI: 0.53, 0.83]; p = 0.0003 [78,79]),
so these results are promising for its use.
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Nintedanib has also been tested in patients with RA-ILD [80-86]. The use of Nintedanib
in patients with RA-ILD may be eligible as a potential additional treatment to improve the
outcomes. The role of Nintedanib in improving the respiratory functions in these patients
is proven by many articles.

A recent study has established a correlation between Nintedanib and significant im-
provements in DLCO parameters, suggesting the potential benefit of initiating Nintedanib
therapy early in addition to standard treatments [81]. In addition, a study was conducted
in an SGK mouse model, in which autoimmune disease was induced with zymosan, which
showed that early Nintedanib administration effectively reduced joint swelling and arthritis
scores compared to a placebo cohort [82].

On the other hand, Pirfenidone has shown both antifibrotic effects due to its ability to
manage oxidative stress by mainly reducing toxic hydroxyl radicals [83], and antirheumatic
effects thanks to the inhibition of pro-inflammatory cytokines and the reduction in joint
swelling, as seen in mice with induced arthritis treated with Pirfenidone [84]. Moreover, the
promising role of Pirfenidone in RA-ILD needs to be further investigated by many clinical
trials. TRAIL-1 was a quite promising study with the aim of investigating the efficacy of
Pirfenidone administration in patients with RA-ILD, but unfortunately, it was stopped
due to the COVID-19 outbreak, even if initial data were promising since Pirfenidone has
not just slowed down the FVC decline over the time but also no new side effects were
detected, and its co-administration with DMARD therapy did not reveal any relevant
interactions [85]. These Pirfenidone-favorable effects were likewise described in another
similar trial [57]. In another study, the efficacy and safety profile of Pirfenidone, when
used in combination with standard therapy, were evaluated in patients with connective
tissue disease-associated interstitial lung disease. The study compared the outcomes of the
combination of standard therapy and Pirfenidone with those of a control group receiving
standard therapy alone [86]. Patients with RA-ILD who underwent Pirfenidone treatment
responded with a significant increase in DLCO% by 7.4% and improved FVC%, while in the
control group, DLCO% decreased by 5.5%, suggesting an enhanced pulmonary function in
the test group rather than in the control group [87].

The role of antifibrotic drugs in IIM-ILD has never been defined or assessed. Their
potentials have never been studied in large trials; however, the scientific literature presents
a smaller series that demonstrated the efficacy of both Pirfenidone and Nintedanib in
(IIM)-ILD.

For the efficacy of Pirfenidone, a prospective study enrolled 27 patients with early
ILD (less than 6 months of disease duration) in amyopathic dermatomyositis (CADM) and
administered them Pirfenidone, in addition to standard immunosuppression therapy. This
cohort has been compared to an early retrospective study, where patients did not undergo
Pirfenidone treatment. With the administration of Pirfenidone, a considerable reduction in
the mortality rates in patients with subacute ILD (duration ranging from 3 to 6 months)
has been shown. Nevertheless, in patients with acute ILD (less than 3 months of disease
duration), there were no significant variations in survival benefit. Radiographic images
in patients with Pirfenidone treatment were basically the same as those of patients with
traditional therapy, and no FVC differences were able to be assessed by the authors due to
a lack of data. To date, three survivors had to discontinue Pirfenidone due to ARDs [87].

Furthermore, a retrospective study evaluated the possible role of Nintedanib in (IIM)-
ILD and compared 36 patients who underwent Nintedanib administration, in addition
to immunosuppression treatment in 115 patients with only immunosuppression therapy.
Patients with Nintedanib treatment showed improvement in the probability of survival,
and the drug also held back the development of rapidly progressive interstitial lung disease
(RP-ILD). Concerning FVC and DLCO, no differences were detected in either group [88].
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3. Tolerance of Antifibrotic Drugs in Real Clinical Practice

Antifibrotic therapy generally causes multiple adverse effects [89-97]. Gastrointestinal
side effects were the most common and are the main reason for the discontinuation of
antifibrotic therapy, especially Nintedanib [98-103].

In order to ensure adherence to antifibrosant therapy, current guidelines suggest
active management and possibly temporary dosage reduction or discontinuation [12].
In particular, the recommended daily dose of Pirfenidone is 2403 mg/day, divided into
three doses. Normally one-third of the dosage is started and gradually increased until
the effective dose is reached; in the event of side effects, the dose may be temporarily
reduced or discontinued. The same applies to Nintedanib, whose recommended dose is
300 mg/die (150 mg every 12 h), which may possibly be reduced to 100 mg twice in the
event of uncontrolled side effects.

Several studies regarding Nintedanib adverse events (AEs) described gastrointestinal
disorders, including diarrhea and nausea, as more frequent, occurring in over two-thirds of
cases within the first 3 months of therapy with mild to moderate intensity; however, these
are manageable with specific therapy (particularly antiemetics and anti-diarrhoeic) and
behavioral modification [18,19,24].

Nintedanib was only discontinued in a low percentage of patients (from 10% to 26%,
according to several studies) due to intolerance to and uncontrollability of AEs [20,26,27].
Furthermore, alterations in liver function parameters have been described, with ALT
and/or AST values > 3 times the normal levels associated with bilirubin values > 2 times
the normal levels; according to INPULSIS and other clinical trials, increased liver enzymes
were reversible and were not associated with liver disease [13]. Cases of drug-induced
liver damage, including severe or fatal cases, were predominantly reported within the
first three months of treatment. A slightly higher frequency of bleeding in patients treated
with Nintedanib was observed in several clinical studies. Epistaxis, which is not severe,
was more commonly reported, while severe bleeding events were rarer. However, real-life
observation of a group of patients concurrently taking anticoagulants did not reveal more
bleeding events [22].

An interesting Italian study conducted by Di Battista et al. compared Nintedanib side
effects in different populations (IPF vs. SSc) and found no particular differences in tolerance
and the ability to manage side effects in the two groups; in SSc patients, however, a shorter
time lapse from the first dose to eventual reduction or discontinuation was noted [21]. A
real-life multicenter study investigated functional deterioration after Nintedanib dose re-
duction or discontinuation, confirming the serious impact of the suspension on pulmonary
function, suggesting the importance of patient monitoring and symptomatic treatment of
AEs rather than discontinuing antifibrosant therapy [23]. In contrast, a temporary reduc-
tion or suspension of the dosage did not seem to affect the progression of the disease in a
short-term follow up [25].

Regarding Pirfenidone, adverse events (AEs) described with a frequency > 5% at a
dose of 2403 mg/day were nausea, dyspepsia, vomiting, anorexia, asthenia, skin rashes,
photosensitization, and dizziness.

ASCEND and CAPACITY studies registered 15% of patients who discontinued treat-
ment due to AEs (vs. 9% in the placebo group); in particular, 1% of patients interrupted
Pirfenidone for skin rash or nausea. Furthermore, gastrointestinal tract-related AEs and pho-
tosensitization were observed to be dose related and easily reduced by taking Pirfenidone
with food for the first time and avoiding sun exposure or using adequate sunscreen for the
second [13-17,26]. Finally, laboratory abnormalities such as hyperglycemia, hyponatremia,
hypophosphatemia, and transaminase alterations (values of up to 3 times the normal range)
have been described, all of which are reversible and without clinical sequelae. The perma-
nent discontinuation of Pirfenidone is necessary for transaminase values > 3 to <5 times
the upper limit of normal (ULN) with hyperbilirubinemia or signs and symptoms of liver
damage. This measure is also mandatory in cases of transaminase levels > 5 times the ULN.
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For the risk of hepatotoxicity associated with both drugs, measuring transaminases
and bilirubin before initiating treatment, during the first month, and at regular intervals
thereafter is recommended.

It was highlighted that most of the ADRs leading to treatment discontinuation usually
occur in the first 6 months of therapy for both drugs, but while patients tolerating a full dose
of Pirfenidone along this time would likely tolerate it thereafter, tolerance to Nintedanib
varies, even for a long time after initiation, and drug reduction may be necessary at any
time. This strategy usually allows the drug to be tolerated and treatment to continue,
resulting in a lower percentage of patients having to discontinue therapy. Importantly, the
dose reduction made to manage ADRs seems to not reduce the benefits of treatment in
decreasing lung function decline [28].

4. Cost-Effective Analysis of Antifibrotic Drugs

The cost of antifibrosant therapies depends on several factors, including the dosage of
the drug, the duration of therapy, and the country in which the drug is prescribed. There are
several studies in the literature that have analyzed the cost-effectiveness of Pirfenidone and
Nintedanib, both in Europe and the US, and others that have relied on mathematical models
to predict the cost of antifibrosant therapy in the long term. For example, in the United
Kingdom (UK), the yearly listed price for Pirfenidone equates to USD 36,070.80. Likewise,
in Belgium, the annual listed price for Nintedanib is approximately USD 28,910 [104]. In
the US, a 2021 antifibrosant drug adoption study by Dempsey et al. estimated a mean cost
per month of USD 397.51 for Nintedanib and a mean cost per month of USD 394.49 for
Pirfenidone [105]. Westernick et al. demonstrated that in patients with fibrosing interstitial
lung disease, the comparison of Nintedanib treatment to placebo, in addition to standard
care, yielded an incremental cost-effectiveness ratio of EUR 60,690 per quality-adjusted life
year over a decade; so, Nintedanib treatment could offer significant health improvements
for patients while remaining cost-effective within the typical willingness-to-pay threshold
in the Netherlands [106].

Regarding the comparison between the two drugs, a Belgian study found Nintedanib
to be more cost-effective than Pirfenidone [107]. Demonstrating that the cost-effectiveness
analysis differs greatly from country to country, an analysis was recently conducted in
the United States by Dempsey et al. found that antifibrotic medications cost more than
USD 110,000 per year compared to USD 12,291 annually for symptom management and, in
particular, Pirfenidone was found to be more expensive than Nintedanib [104].

Beyond these data, a study was conducted in 2023 by Lokke et al. on the burden of
Disease and Productivity Loss in Europe in patients with ILD, which showed that this
disease represents a significant burden on society. The analysis was conducted particularly
in terms of annual sick days, early retirement, loss of work, and permanent disability, and
affect not only the patients but also impact caregivers’ quality of life across various dimen-
sions, including sleep and health, daily activities, emotional well-being, social interactions,
and financial aspects; thus demonstrating that it is crucial to minimize the impact of the
disease on productivity [106-108].

5. Discussion

Safety profiles of both Pirfenidone and Nintedanib in patients with IPF have been
widely debated over many clinical trials [13-28]. The majority of AEs concerning both an-
tifibrotic drugs were defined as mild to moderate (especially mild), without any long-term
sequela or any case of death possibly linked to these two drugs. In addition, AEs were, in
almost all the patients, easily manageable with therapy adjustments or additional treat-
ments for the symptom; for example, the administration of anti-diarrheals and probiotics
seemed to increase Nintedanib therapy tolerance in patients who had diarrhea as a main
side effect [25]. These two drugs potentially have similar efficacy in slowing down IPF
progression, while adverse events are different, and the main reasons that lead patients to
permanently stop the therapy may depend on which drug is chosen [26-28]. In Pirfenidone
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treatment cohorts, it has been highlighted that firstly, skin adverse events, especially pho-
tosensitivity reactions, and secondly, gastrointestinal intolerance (mainly nausea), are the
main AEs in Pirfenidone cohorts and most likely led to therapy adjustments, as shown in

Table 1.

Table 1. Frequency of AEs with Pirfenidone treatment.

Main AEs Documented (%)

Eventual Required Therapy Patients
Articles Pop (n) . with AEs : : .
P Adjustments %) Skl(IOIA) 1)\Es Gastrom::;:)tmal AEs Other AEs (%)
Bargagli E Pirfenidone therapy was well Dyspepsia and
gagit - 52 IPF patients py _ Cutaneous rash 19% nausea 35%, _
etal. [13] tolerated overall. . o
diarrhea 28%
14% in all. 12.4% in all.
Vancheri C. 379 IPF In nine patients, AEs led to the 39.3% Photosensitivity reaction Nausea 3.7%,
etal. [14] patients discontinuation of therapy. e 5%, cutaneous rash 3.7%, diarrhea 2.1%, -
erythema 3.2% dyspepsia 2.1%
Cutaneous rash 12%,
32.3% needed a dose reduction, photosensitivity reaction =~ Decreased weight
Jouneau S. 192 IPF while 17.7% underwent dose 80.1% 10.9%, erythema 7.8%. 29.7%, decreased Fati 15.6%
etal. [15] patients interruption. 31.8% needed o Serious ADRs were appetite 18.8%, angue o.6%
discontinuation of therapy. mostly related to skin nausea 15.6%
ADRs (3.1%)
Fl(i);f)rpl)taiﬁfl:t’fh};gpt; c};lir?oa 151:\2:2 Cutaneous rash 6.5%, Decreased weight Hypertransaminasemia
Vietri L. et al. [16] 91 IPF patients e . o 27% photosensitivity o o :
photosensitivity reactions. 3.4% reaction 4.3% 5.4%, nausea 4.3% 4.3%
needed dose adjustment. e
Chang C.Y. . 4% discontinued therapy, while o o : o - o)
etal. [17] 50 IPF patients 10% needed dose adjustment. 52% 28% in all 32% in all. 7% in all
. Cutaneous rash 13.6%, Decreased weight . .
Cameli et al. [26] 1311_111)}: gf)urte:z'n pa(;letz}r:ts permanently 31% photosensitivity 17.9%, nausea 7.2%, I;J/ypertransammasemla
patients 1scontinue €rapy: reaction 11.5% diarrhea 2.1% °
Galli J.A. 129 IPF 12.4% needed a dose reduction. Photosensitivity Nausea 26.4%,
etal. [27] patients 20.9% had to discontinue therapy.  — reaction 14.7% dyspepsia 12.4% -
Forty-five patients underwent a o
dose reduction, of which fifteen e . Nausea 21.9 /0.’
O . Photosensitivity reaction ~ decreased weight
192 IPF had to temporarily discontinue o o o .
LevraS. et al. [28] tient th Thirty-f tients had 60.4% 14.7%, cutaneous 12.5%, dyspepsia _
patients erapy. Thirty-four patients ha rash 6.7% 11.6%, decreased
to permanently stop appetite 8.9%
administration. PP e
Nine patients left the study due Nausea 44.4%, o
eKtI;alm[‘%a()]]D. 63;35;;5“]3 to AEs and 57.1% had a dose 96.8% Cutaneous rush 17.7% gastroesophageal g\e;cfl:tcihisg.f ;:,/
: P adjustment. reflux disease 19.0% 8 e
Cutaneous rash 20.6%, o
SIS trial [58] -1 SSILD - - photosensitivity Nausea 49.2%, -
patients . o, vomiting 28.6%
reaction 6.3%
This study is incomplete insofar as its evaluation had to be stopped due to COVID-19 pandemic reasons. Nevertheless, it was
Solomon 123 RA-ILD L. Lonifi i L. i . .
etal. [84] patients rather promising, and no significant differences in side effects were detected regarding RA-ILD patients who underwent

Pirfenidone treatment and placebo.

In addition, it seems that skin AEs are more likely to lead to a permanent interruption
of therapy, which may be justified by the fact that skin reactions are less prone to be
managed by therapy adjustments or additional treatments, or tolerated by the patients [28].

Instead, in Nintedanib treatment cohorts, it has been shown that gastrointestinal
adverse events are widely the main reason for discontinuation, interruption, and dose
reduction in treatment, while cutaneous adverse events were never experienced. After
analyzing the main clinical trial that aimed to investigate the tolerance and safety of
Nintedanib it has defined diarrhea as the main reason for therapy adjustments, as well as
the most common AEs in Nintedanib cohorts, as shown in Table 2.
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Table 2. Frequency of AEs with Nintedanib treatment.
: Main AEs Documented (%)
Articles Pop Eventual Required Therapy ‘I:;:Le?\t;s in AE her AE
(n) Adjustments (%) § I(I:/ ) s Gastrointestinal AEs (%) Ot (i/r ) s
5% needed treatment
Bargagli B 30 1PF patients inerruption. 18% of darthea Diarthea 40%. &7 had alered iver
discontinuation.
Tzouvelekis . Twenty patients permanently . o
etal. [18] 94 IPF patients discontinued therapy. _ Diarrhea 55.3% _
96%, of
Hughes G 26% had to discontinue ‘é\;hn/lcﬁ d Diarrhea 24%, nausea
etifl; [e]s‘)] . 124 IPF patients therapy and 19% needed to at leoasez 13%, decreased appetite Tiredness 9%.
permanently stop treatment. two AE 10%.
events
90 SSc-ILD patients
. were enrolled, but o
Canllpochmro only 40 patients’ 10% had to permanently stop ~ 39% in all. ~
etal. [20] information was therapy.
available.
Diarrhea is the main reason for
Di Battista M interruption. 64.6% of IPF 72.2% of 64.6% in the IPF group 17% in the IPF group
etal. [21] ' 82 IPF patients patients needed a dose the IPF had diarrhea, 15.8% had showed altered liver
: reduction and 18.3% had to group nausea. enzymes.
permanently stop therapy.
Diarrhea is the main reason for 74% of
Di Battista M. interruption. 70.3% of SSc-ILD theo 66.4% in the SSc-ILD 7.4% in the SSc-ILD
’ 27 SSc-ILD patients patients needed a dose group had diarrhea, group showed altered
etal. [21] SSc-ILD
: reduction and 11% had to 22.2% had nausea. liver enzymes.
permanently stop therapy. group
Gastrointestinal reactions
Ruaro B 18% needed a dose reduction, (especially diarrhea)
tal [22'] 56 IPF patients 32% had to discontinue _ were the main reason for ~ _
ctat therapy. fth dose reduction and
Ia\i(t)ilgfe(s) hta\?ese discontinuation.
pointed out any Dose reduction and
major skin reactions  treatment
to Nintedanib. discontinuation were
R B 20.4% had reduced the dosage mostly due to
etuaalr(EZX'] 54 IPF patients and 27.8% needed to stop gastrointestinal reactions
T treatment. (especially
gastrointestinal
intolerance and
diarrhea).
Fletcher S.V. 44.8% had to discontinue Diarrhea 67.5%, nausea Six patients had their
etal. [24] o 154 IPF patients therapy, of which 7.2% 77% 52.6%, decreased liver enzymes
: discontinued due to diarrhea. appetite 16.9%. increased.
. 28% permanently stopped .
Hirasawa Y. 86 IPF patients therapy, of which nine patients ~ 58% iny patients who had _
etal. [25] stopped due to diarrhea diarrhea were enrolled.
Cameli Seven patients permanentl Diarthea 31.6%, Hypertransaminasemia
tal. [26] 124 TPF patients discontinued ther Y 41.9% decreased weight 13.7%, 9 go/
etal. scontinued therapy. natsea 4%, .6%.
. 21.1% underwent a dose - o
Staalil {2/?] 57 IPF patients reduction, 26.3% discontinued _ zDgleéro;hea 52.6%, nausea _
’ therapy. =
Twenty-seven patients
underwent a dose reduction . . .
LevraS. . . N . 4 o Diarrhea 40.8%, nausea Hypertransaminasemia
etal. [28] 89 IPF patients eleven pat1ent§ dlscor}t1nued 69.6% 15.8%, weight loss 13.3%.  14.2%.
therapy, and nine patients
permanently stopped therapy.
Rates of AEs in the Nintedanib
group and placebo group were
similar overall. Nevertheless, Diarrhea 66.9%, nausea
Flaherty KR. 332 patients in the Nintedanib group, AEs 95.5% 28.9%, vomiting 18.4%, Nasopharyngitis 13.3,
etal. [77] more frequently led to a ’ decreased appetite bronchitis 12.3%.

permanent dose reduction
(33.1%) and treatment
interruption (19.6%).

14.5%.

As expected, there were differences concerning AEs between these two drugs. Infor-
mation on therapy adjustments and safety profiles of both antifibrotic drugs was exhaustive
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with regard to IPF patients, but only little data about the other diseases evaluated were
available. The discontinuation rates for both antifibrotics drugs vary among all the studies,
and this variability may be due in part to several different patients’ tolerance to AEs. Side
effects had basically the same rates and were mainly mild to moderate, where diarrhea
and nausea were predominant in Nintedanib treatments and skin reactions; nausea and
decreased weight were predominant in Pirfenidone treatment. Concerning Pirfenidone, the
inadequate response to sunscreen in photosensitive skin reactions was the main trigger for
dose interruption, whereas, in Nintedanib, the worst episodes of diarrhea were the main
triggers for therapy interruptions. In the future, it may be useful to better stratify the types
of patients who should be more tolerant of the use of an antifibrotic drug than the other.
This may also help ongoing trials to better understand how to best manage AEs in order to
have higher rates of full dosage administration treatments, particularly without any need
for therapy discontinuation.

The various exposed sections highlight that both antifibrotic drugs are valuable in
slowing the active fibrosing pathological process of the lung, but none of them induce its
regression (Table 3).

Table 3. Major diseases that support the use of Nintedanib and Pirfenidone.

ED‘;:ig::d Why Pirfenidone? Why Nintedanib? Global Overview
It has been shown to slow down As seen with Pirfenidone, patients -
disease progression by positively  treated with Nintedanib have They have shown eff1qency, and
. . ; . . . these two drugs taken isolated or
IPF affecting the decline of FVC (which  shown an impaired decrease in . . . .
- . with other therapies did not avoid
decreases less quickly) [29-32]. FVC, which has helped to slow fatal outcomes in IPF patients
This leads to better outcomes. down disease progression [37-39]. P '
Few valuable clinical trials . For SSc-ILD, additional therapy
. Many relevant trials have . . . .
evaluated the efficacy of . . with Nintedanib is approved in
Pirfenidone. No studies have demonstrated that Nintedanib many countries, while Pirfenidone
shown a be1.1efit of usin provides significant improvement is no}t] In additi(/)n despite the
SSc-ILD Pirfenidone in SSc-ILD 5 atients concerning annual FVC decrease effecti'veness of Ni’ntedl:e)mib itis
. . p ’ rates, whether taken individually or . . !
An improvement with SSc-ILD with MME. However. the latter proven that in SSc patients,
atient symptoms and HRCT S ’ gastrointestinal side effects are
p . . . administration needs further . .
images with Pirfenidone . frequent, which leads to higher
. . studies [53-55]. . ;
administration [59] was reported. rates of treatment interruption.
Seyeral case reports shonefi that The use of antifibrotics in
. Nintedanib, whether individually . .
A study reported significant . . post-COVID-19 fibrosis is
. . . or together with steroids, reduced - .
improvement in lung involvement, the severity of the disease, reduced incredibly poor. Very poor data
PosF-COYID— assessed by TC, in patients who the amount of oxygen support has.been collecteq concerning this
19 fibrosis were administered Pirfenidone . . topic, whereas Nintedanib seems
. . required by the patients, and .. . .
than in patients who underwent . to be promising, and Pirfenidone
. reduced the length of time before 2 ..
classic therapy [64]. . . needs more solid further clinical
the withdrawal of mechanical studies
ventilation [64,71,72]. ’
Some clinical trials have shown
promising data concerning
No data are available, although Nintedanib effectiveness in
Sarcoidosis some clinical trials are starting to reducing ILD progression in -

be carried out.

sarcoidosis patients, which is the
leading cause of death in the
disease.




Pharmaceuticals 2024, 17, 709

13 of 20

Table 3. Cont.

EYaluated Why Pirfenidone? Why Nintedanib? Global Overview
Diseases
Its ability to manage oxidative RA ILD p.ahents who underwent Both antifibrotic drugs seem to be
S Nintedanib treatment showed a L. .
stress and inhibit : : o very effective in RA-ILD. The main
. . clear improvement in their clinical .
pro-inflammatory cytokines L pulmonary function test showed
L ) situation compared to the placebo : . .
suggests that Pirfenidone is a roup [75]. Moreover, DLCO important improvement and did
Rheumatoid valuable future treatment in group 179l ! not seek any additional or

arthritis (AR)

RA-ILD [80,81]. Indeed, many
clinical trials have proven that
Pirfenidone treatment has led to
better FVC and DLCO
parameters [85,86].

parameters and gravity of joint
swelling are two more elements that
have seen improvements thanks to
Nintedanib therapy, although the
latter was only investigated in SGK
mouse models [81,82].

unmanageable adverse events;
also, simultaneous treatment with
DMARD:s did not involve any
changes in the effectiveness or
safety of both drugs.

Idiopathic
inflammatory
myopathies
(IIM)

Nintedanib therapy showed a
significant increase in patients’
survival with subacute ILD
symptoms (3 to 6 months).
Nintedanib treatment during acute
ILD symptoms (less than 3
months) did not show any relevant
changes in the survival rate.

Nintedanib therapy has led to
slowing down disease development
and increased patients’ survival
rate [85].

Very poor data have been collected
concerning both antifibrotics and
IIM-ILD. Few clinical trials tried to
start understanding their possible
role.

Furthermore, their pharmacodynamic properties only partially target the common
resulting pathways of various insults, without modifying the root cause or other aspects of
the diseases associated with lung fibrosis, such as exacerbations in IPF or skin alterations
in SSc-ILD. Regarding their efficacy, the most satisfactory data, including mortality risk
reduction—best predicted by FVC—stem from well-established clinical trials in IPF. Addi-
tionally, positive results regarding mortality reduction have also been observed in trials
involving PPF and UIP-ILD, distinct from IPF.

Efficacy in SSc-ILD has been proven for Nintedanib, but not yet for Pirfenidone,
so while the first one is approved for treatment in different countries, the second one
needs further studies for more significant data, which could be of interest in providing a
therapeutic alternative for patients who have not tolerated Nintedanib. Finally, only a few
studies concern the efficacy of Nintedanib and Pirfenidone in recent COVID-19-related
fibrosis. They examine different outcomes—on a relatively small and non-homogeneous
population—that support the positive effect of their introduction in therapy; but, due to the
high prevalence of this new entity, further efficacy studies are required. The introduction
of antifibrotics in the treatment regimen is evaluated considering the progression rate
of the fibrosing process and the risk of side effects. The first one is shown by periodic
pathophysiological tests and radiological imaging, the latter are well-known and regularly
checked by interviews and blood analyses, and they are rarely so dangerous that the
immediate withdrawal of the drug is mandatory. In risk-benefit balance, the opportunity
of tapering and interruption of steroids and immunosuppressants is important, so the
combination between Nintedanib and Pirfenidone due to their different pharmacodynamics
or their separate association with drugs of standard protocols is especially interesting, but
data on safety, tolerability, and superiority over standard treatment to justify alternative
protocols or early introduction are still missing. Regarding the efficacy of antifibrotic drugs
in the early treatment of SSc-ILD and post-COVID-ILD, the short time from the radiological
detection of lung alterations and the therapy may be the key factor for better outcomes, as

ill patients are already monitored for lung involvement.

Current ATS/ERS/JRS/ALAT guidelines for clinical practice in PPF-ILD differ from
IPF for the conditional recommendation of Nintedanib when standard therapy fails, where
its effect varies from case to case, probably depending on the different ILDs; the recommen-
dation of Pirfenidone is also conditional due to lack of significant data [89].
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The importance of antifibrotics as possible drugs in SSc-ILD is highlighted in the
last American College of Rheumatology guidelines, which strongly recommend against
glucocorticoids (GC) as first-line ILD treatment in SSc-ILD but conditionally recommend
Nintedanib as a first-line ILD treatment option, and there was no consensus on the intra-
venous use of GC in rapidly progressive ILDs as evidence of a renal crisis [90].

As reported by the recent review by Alrajhi, antifibrotics can be the first therapy of
choice in post-COVID-ILD with the UIP pattern (less frequent than OP and NSIP) and
are indicated by a progressive fibrotic type not responding to immunosuppressants [63].
PASC fibrotic alterations were observed as early as three weeks after the infection of
severely ill hospitalized patients [91]. It is reasonable to assume that the timely positive
effect of antifibrotics depended not only on their antifibrotic activity but also on their anti-
inflammatory and antioxidant properties; for example, pharmacodynamic murine studies
had already shown that Pirfenidone can significantly ameliorate fibrosis and ARDS-induced
fibrosis in vitro when started early in the course of the disease [92].

Early antifibrotic treatment starting 3 weeks from the onset of symptoms is contro-
versial; there is not enough literature to establish if it does prevent and stop the fibrosis
progression, and long-term studies monitoring the progression of early-treated patients are
lacking [93].

The complexity of drawing generalizable conclusions about post-COVID-19 interstitial
lung disease (PCILD) is compounded by real-world studies conducted during different
pandemic waves, with diverse management approaches and varying follow-up periods.
Further complicating matters is the lack of a standardized definition of PCILD, as evidenced
by significant heterogeneity in meta-analyses on the subject [94,95].

The natural history of fibrosing ILD after acute severe COVID-19 is evolving, as well
as its clinical significance. Furthermore, COVID-ILD UIP fibrosing patterns and IPF share
clinical and biological similarities, which support the inclusion of PACS fibrosis in PPF-
ILDs [61,93,94], even if the systematic review by Gupta et al. about the incidence and
prevalence of ILDs does not specifically mention this emerging fibrosis [98].

The above-mentioned alarmingly high post-COVID-19 fibrosis estimated prevalence—
approximately 30 times higher than the prevalence of IPF—as well as recent studies suggest-
ing that this tremendous increase in lung parenchymal distortion may ultimately impact
up to eleven percent of patients after hospitalization with COVID-19, support the need
for validated treatment protocols to contrast the progression of lung alterations and the
emerging consequences of the pandemic, especially in younger patients [61,99,100].

On the other hand, the compared IPF prevalence is probably underestimated because
this latter disease is chronic and rare, whilst COVID-19 is an acute and recent pandemic. In
the “state of the art for 2023” by Podolanczuk et al., the last epidemiology data report IPF
incidence ranging from 1 to 13 per 100,000 persons, and its prevalence is from 3 to 45 per
100,000, specifying the scarcity of reports from different countries [101].

In general, epidemiological data for both idiopathic and non-idiopathic progressive
fibrosis indicate a global increase. However, due to differences in reporting, case definitions,
and study methodologies, current estimates are likely lower than actual figures. Further-
more, recent redefinitions of various conditions complicate the attribution of a definitive
diagnosis, and changes over time in diagnostic criteria prevent the ascertainment of more
precise epidemiological data [3,102,103]. In the end, for post-COVID-19 fibrosis, there is a
lack of definitive epidemiological data, and the estimate of its prevalence being 30 times
higher than IPF could be compromised by overdiagnosis.

Enhancing our understanding of the real burden of PPF is crucial for effective health
service planning, particularly in light of the emergence of new antifibrotic treatments, but
for that purpose, it would be necessary not only to employ national registries referring to
updated and standardized diagnostic criteria—a desirable objective within a reasonable
timeframe—but also for patients all over the world to have the same opportunity to receive
a diagnosis—an ideal scenario.
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6. Conclusions

Antifibrotic drugs are currently included in different protocols for progressive fibrosis
management to modify disease behavior. Their side effects are well-known for previous expe-
rience in IPF patients, where their effectiveness has been proven. The efficacy of alternative
drug associations and the best time of introducing antifibrotic therapy are under investiga-
tion. In post-COVID-19 fibrosing ILDs, the efficacy of both Pirfenidone and Nintedanib is
supported by theoretical research and different case reports and series, but there is a lack of
large long-term trials, and high-quality effectiveness data are yet to come. However, further
research is needed to optimize the use of antifibrotic agents in patients with PF-ILDs, which
could slow disease progression and decrease all-cause mortality. Finally, other studies are
requested to establish the treatments that can stop ILD progression.

Author Contributions: M.C. (Maria Chianese), G.S., L.M. and B.R. conceived and designed the study,
interpreted the data, and drafted and revised the work; ES., PC,, L.T.,, M.B,, L.R.,, M.M,, N.R,, PG,,
M.H., S.L. and M.C. (Marco Confalonieri) drafted, revised, and approved the work. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Meyer, K.C. Idiopathic Pulmonary Fibrosis: A Historical Perspective. In Idiopathic Pulmonary Fibrosis: A Comprehensive Clinical
Guide; Meyer, K.C., Nathan, S.D., Eds.; Humana: Louisville, KY, USA; Springer: Berlin/Heidelberg, Germany, 2014; pp. 1-8.

2. King, TE,, Jr.; Pardo, A.; Selman, M. Idiopathic pulmonary fibrosis. Lancet 2011, 378, 1949-1961. [CrossRef]

3. Mabher, TM.; Bendstrup, E.; Dron, L.; Langley, J.; Smith, G.; Khalid, ].M.; Patel, H.; Kreuter, M. Global incidence and prevalence of
idiopathic pulmonary fibrosis. Respir. Res. 2021, 22, 197. [CrossRef]

4. Pergolizzi, ].V., Jr.; LeQuang, ].A.; Varrassi, M.; Breve, F.; Magnusson, P.; Varrassi, G. What Do We Need to Know About Rising
Rates of Idiopathic Pulmonary Fibrosis? A Narrative Review and Update. Adv. Ther. 2023, 40, 1334-1346. [CrossRef] [PubMed]
[PubMed Central]

5. Martinez, EJ.; Collard, H.R.; Pardo, A.; Raghu, G.; Richeldi, L.; Selman, M.; Swigris, J.J.; Taniguchi, H.; Wells, A.U. Idiopathic
pulmonary fibrosis. Nat. Rev. Dis. Primers 2017, 3, 17074. [CrossRef]

6.  Richeldi, L.; Du Bois, RM.; Raghu, G.; Azuma, A.; Brown, K.K,; Costabel, U.; Cottin, V.; Flaherty, K.R.; Hansell, D.M.; Inoue, Y.;
et al. Efficacy and safety of nintedanib in idiopathic pulmonary fibrosis. N. Engl. ]. Med. 2014, 370, 2071-2082. [CrossRef]

7. King, T.E., Jr.; Bradford, W.Z.; Castro-Bernardini, S.; Fagan, E.A.; Glaspole, 1.; Glassberg, M.K.; Gorina, E.; Hopkins, PM,;
Kardatzke, D.; Lancaster, L.; et al. A phase 3 trial of pirfenidone in patients with idiopathic pulmonary fibrosis. N. Engl. J. Med.
2014, 370, 2083-2092. [CrossRef] [PubMed]

8. Stefanikova, M.; Doubkova, M.; Ovesna, P,; Sterclova, M.; Lacina, L.; Zurkova, M.; Platkova, M.; Bartos, V.; Jani¢kova, I.;
Bittenglova, R.; et al. The effect of nintedanib on lung functions and survival in idiopathic pulmonary fibrosis: Real-life analysis
of the Czech EMPIRE registry. BMC Pulm. Med. 2023, 23, 154. [CrossRef] [PubMed]

9.  Datta, A.; Scotton, C.J.; Chambers, R.C. Novel therapeutic approaches for pulmonary fibrosis. Br. J. Pharmacol. 2011, 163, 141-172.
[CrossRef] [PubMed]

10. Schaefer, C.J.; Ruhrmund, D.W,; Pan, L.; Seiwert, S.D.; Kossen, K. Antifibrotic activities of pirfenidone in animal models. Eur.
Respir. Rev. 2011, 20, 85-97. [CrossRef]

11. Kaneko, M.; Inoue, H.; Nakazawa, R.; Azuma, N.; Suzuki, M.; Yamauchi, S.; Margolin, S.B.; Tsubota, K.; Saito, I. Pirfenidone
induces intercellular adhesion molecule-1 (ICAM-1) down-regulation on cultured human synovial fibroblasts. Clin. Exp. Immunol.
1998, 113, 72-76. [CrossRef]

12. Zhao, R; Xie, B.; Wang, X.; Zhang, X.; Ren, Y.; Wang, C.; Dai, H. The tolerability and efficacy of antifibrotic therapy in patients
with idiopathic pulmonary fibrosis: Results from a real-world study. Pulm. Pharmacol. Ther. 2024, 84, 102287. [CrossRef] [PubMed]

13. Bargagli, E.; Piccioli, C.; Rosi, E.; Torricelli, E.; Turi, L.; Piccioli, E.; Pistolesi, M.; Ferrari, K.; Voltolini, L. Pirfenidone and
Nintedanib in idiopathic pulmonary fibrosis: Real-life experience in an Italian referral centre. Pulmonology 2019, 25, 149-153.
[CrossRef] [PubMed]

14. Vancheri, C.; Sebastiani, A.; Tomassetti, S.; Pesci, A.; Rogliani, P.; Tavanti, L.; Luppi, F; Harari, S.; Rottoli, P; Ghirardini, A.; et al.
Pirfenidone in real life: A retrospective observational multicentre study in Italian patients with idiopathic pulmonary fibrosis.
Respir. Med. 2019, 156, 78-84. [CrossRef] [PubMed]

15. Jouneau, S.; Gamez, A.S.; Traclet, J.; Nunes, H.; Marchand-Adam, S.; Kessler, R.; Israél-Biet, D.; Borie, R.; Strombom, I.; Scalori, A.;

et al. A 2-Year Observational Study in Patients Suffering from Idiopathic Pulmonary Fibrosis and Treated with Pirfenidone: A
French Ancillary Study of PASSPORT. Respiration 2019, 98, 19-28. [CrossRef] [PubMed]


https://doi.org/10.1016/S0140-6736(11)60052-4
https://doi.org/10.1186/s12931-021-01791-z
https://doi.org/10.1007/s12325-022-02395-9
https://www.ncbi.nlm.nih.gov/pubmed/36692679
https://www.ncbi.nlm.nih.gov/pmc/PMC9872080
https://doi.org/10.1038/nrdp.2017.74
https://doi.org/10.1056/NEJMoa1402584
https://doi.org/10.1056/NEJMoa1402582
https://www.ncbi.nlm.nih.gov/pubmed/24836312
https://doi.org/10.1186/s12890-023-02450-3
https://www.ncbi.nlm.nih.gov/pubmed/37138274
https://doi.org/10.1111/j.1476-5381.2011.01247.x
https://www.ncbi.nlm.nih.gov/pubmed/21265830
https://doi.org/10.1183/09059180.00001111
https://doi.org/10.1046/j.1365-2249.1998.00618.x
https://doi.org/10.1016/j.pupt.2024.102287
https://www.ncbi.nlm.nih.gov/pubmed/38242314
https://doi.org/10.1016/j.pulmoe.2018.06.003
https://www.ncbi.nlm.nih.gov/pubmed/30236523
https://doi.org/10.1016/j.rmed.2019.08.006
https://www.ncbi.nlm.nih.gov/pubmed/31445389
https://doi.org/10.1159/000496735
https://www.ncbi.nlm.nih.gov/pubmed/30965332

Pharmaceuticals 2024, 17, 709 16 of 20

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Vietri, L.; Cameli, P; Perruzza, M.; Cekorja, B.; Bergantini, L.; d’Alessandro, M.; Refini, R.M.; Pieroni, M.; Fossi, A.; Bennett, D.;
et al. Pirfenidone in idiopathic pulmonary fibrosis: Real-life experience in the referral centre of Siena. Ther. Adv. Respir. Dis. 2020,
14, 1753466620906326. [CrossRef] [PubMed]

Chang, C.Y.; Wei, Y.E; Chen, C.Y,; Lai, Y.C.; Hu, PW,; Hung, ].C.; Chu, C.H.; Chuang, H.T.; Chang, S.C. Real world experience on
the effectiveness and safety of pirfenidone in patients with idiopathic pulmonary fibrosis in Taiwan. Front. Med. 2023, 10, 1242260.
[CrossRef] [PubMed]

Tzouvelekis, A.; Karampitsakos, T.; Kontou, M.; Granitsas, A.; Malliou, I.; Anagnostopoulos, A.; Ntolios, P; Tzilas, V.; Bouros, E.;
Steiropoulos, P; et al. Safety and efficacy of nintedanib in idiopathic pulmonary fibrosis: A real-life observational study in Greece.
Pulm. Pharmacol. Ther. 2018, 49, 61-66. [CrossRef] [PubMed]

Hughes, G.; Toellner, H.; Morris, H.; Leonard, C.; Chaudhuri, N. Real World Experiences: Pirfenidone and Nintedanib are
Effective and Well Tolerated Treatments for Idiopathic Pulmonary Fibrosis. J. Clin. Med. 2016, 5, 78. [CrossRef] [PubMed]
Campochiaro, C.; De Luca, G.; Lazzaroni, M.G.; Armentaro, G.; Spinella, A.; Vigone, B.; Ruaro, B.; Stanziola, A.; Benfaremo, D.;
De Lorenzis, E.; et al. Real-life efficacy and safety of nintedanib in systemic sclerosis-interstitial lung disease: Data from an Italian
multicentre study. RMD Open 2023, 9, €002850. [CrossRef]

Di Battista, M.; Tavanti, L.; Pistelli, F,; Carrozzi, L.; Da Rio, M.; Rossi, A.; Puccetti, L.; Tavoni, A.; Romei, C.; Morganti, R.; et al.
Real life data on nintedanib safety: Idiopathic pulmonary fibrosis versus systemic sclerosis-interstitial lung disease and strategies
adopted to manage adverse effects. Inflammopharmacology 2023, 31, 2445-2449. [CrossRef]

Ruaro, B.; Gandin, I; Pozzan, R.; Tavano, S.; Bozzi, C.; Hughes, M.; Kodric, M.; Cifaldi, R.; Lerda, S.; Confalonieri, M.; et al.
Nintedanib in Idiopathic Pulmonary Fibrosis: Tolerability and Safety in a Real Life Experience in a Single Centre in Patients also
Treated with Oral Anticoagulant Therapy. Pharmaceuticals 2023, 16, 307. [CrossRef] [PubMed]

Ruaro, B.; Salotti, A.; Reccardini, N.; Kette, S.; Da Re, B.; Nicolosi, S.; Zuccon, U.; Confalonieri, M.; Mondini, L.; Pozzan, R.; et al.
Functional Progression after Dose Suspension or Discontinuation of Nintedanib in Idiopathic Pulmonary Fibrosis: A Real-Life
Multicentre Study. Pharmaceuticals 2024, 17, 119. [CrossRef] [PubMed]

Fletcher, S.V.; Jones, M.G.; Renzoni, E.A.; Parfrey, H.; Hoyles, R.K.; Spinks, K.; Kokosi, M.; Kwok, A.; Warburton, C.; Titmuss, V.;
et al. Safety and tolerability of nintedanib for the treatment of idiopathic pulmonary fibrosis in routine UK clinical practice. ER]
Open Res. 2018, 4, 00049-02018. [CrossRef] [PubMed]

Hirasawa, Y.; Abe, M.; Terada, J.; Sakayori, M.; Suzuki, K.; Yoshioka, K.; Kawasaki, T.; Tsushima, K.; Tatsumi, K. Tolerability of
Nintedanib-related diarrhea in patients with idiopathic pulmonary fibrosis. Pulm. Pharmacol. Ther. 2020, 62, 101917. [CrossRef]
[PubMed]

Cameli, P;; Refini, R.M.; Bergantini, L.; d’Alessandro, M.; Alonzi, V.; Magnoni, C.; Rottoli, P.; Sestini, P; Bargagli, E. Long-Term
Follow-Up of Patients with Idiopathic Pulmonary Fibrosis Treated With Pirfenidone or Nintedanib: A Real-Life Comparison
Study. Front. Mol. Biosci. 2020, 7, 581828. [CrossRef] [PubMed]

Gallj, J.A.; Pandya, A.; Vega-Olivo, M.; Dass, C.; Zhao, H.; Criner, G.]. Pirfenidone and nintedanib for pulmonary fibrosis in
clinical practice: Tolerability and adverse drug reactions. Respirology 2017, 22, 1171-1178. [CrossRef]

Levra, S.; Guida, G.; Sprio, A.E,; Crosa, E; Ghio, P.C.; Bertolini, F; Carriero, V.; Albera, C.; Ricciardolo, EL.M. Long-Term Safety of
Antifibrotic Drugs in IPF: A Real-World Experience. Biomedicines 2022, 10, 3229. [CrossRef] [PubMed]

Noble, PW.; Albera, C.; Bradford, W.Z.; Costabel, U.; Glassberg, M.K.; Kardatzke, D.; King, T.E., Jr.; Lancaster, L.; Sahn, S.A;
Szwarcberg, J.; et al. Pirfenidone in patients with idiopathic pulmonary fibrosis (CAPACITY): Two randomised trials. Lancet 2011,
377,1760-1769. [CrossRef] [PubMed]

Ruffenach, G.; Hong, J.; Vaillancourt, M.; Medzikovic, L.; Eghbali, M. Pulmonary hypertension secondary to pulmonary fibrosis:
Clinical data, histopathology and molecular insights. Respir. Res. 2020, 21, 303. [CrossRef] [PubMed]

Ruaro, B.; Pozzan, R.; Confalonieri, P.; Tavano, S.; Hughes, M.; Matucci Cerinic, M.; Baratella, E.; Zanatta, E.; Lerda, S.; Geri, P; et al.
Gastroesophageal Reflux Disease in Idiopathic Pulmonary Fibrosis: Viewer or Actor? To Treat or Not to Treat? Pharmaceuticals
2022, 15, 1033. [CrossRef]

Robledo, G.C.; Hernandez, M.Y.J.; Lucas, S.A.G.; Delgado, FR.C. Combined Pulmonary Fibrosis and Emphysema With Pulmonary
Hypertension: Cases Report. Curr. Probl. Cardiol. 2022, 47, 100856. [CrossRef] [PubMed]

Aravena, C.; Labarca, G.; Venegas, C.; Arenas, A.; Rada, G. Pirfenidone for Idiopathic Pulmonary Fibrosis: A Systematic Review
and Meta-Analysis. PLoS ONE 2015, 10, €0136160. [CrossRef] [PubMed]

Raghu, G.; Johnson, W.C.; Lockhart, D.; Mageto, Y. Treatment of idiopathic pulmonary fibrosis with a new antifibrotic agent,
pirfenidone: Results of a prospective, open-label Phase II study. Am. J. Respir. Crit. Care Med. 1999, 159, 1061-1069. [CrossRef]
[PubMed]

Taniguchi, H.; Ebina, M.; Kondoh, Y.; Ogura, T.; Azuma, A.; Suga, M.; Taguchi, Y.; Takahashi, H.; Nakata, K.; Sato, A.; et al.
Pirfenidone in idiopathic pulmonary fibrosis. Eur. Respir. J. 2010, 35, 821-829. [CrossRef] [PubMed]

Lancaster, L.H.; de Andrade, ].A,; Zibrak, ].D.; Padilla, M.L.; Albera, C.; Nathan, S.D.; Wijsenbeek, M.S ; Stauffer, ].L.; Kirchgaessler,
K.U.; Costabel, U. Pirfenidone safety and adverse event management in idiopathic pulmonary fibrosis. Eur. Respir. Rev. 2017, 26,
170057. [CrossRef] [PubMed]

Wollin, L.; Distler, ]. HW.; Redente, E.E,; Riches, D.W.H.; Stowasser, S.; Schlenker-Herceg, R.; Maher, T.M.; Kolb, M. Potential of
nintedanib in treatment of progressive fibrosing interstitial lung diseases. Eur. Respir. ]. 2019, 54, 1900161. [CrossRef] [PubMed]


https://doi.org/10.1177/1753466620906326
https://www.ncbi.nlm.nih.gov/pubmed/32066332
https://doi.org/10.3389/fmed.2023.1242260
https://www.ncbi.nlm.nih.gov/pubmed/37964885
https://doi.org/10.1016/j.pupt.2018.01.006
https://www.ncbi.nlm.nih.gov/pubmed/29366978
https://doi.org/10.3390/jcm5090078
https://www.ncbi.nlm.nih.gov/pubmed/27598213
https://doi.org/10.1136/rmdopen-2022-002850
https://doi.org/10.1007/s10787-023-01286-x
https://doi.org/10.3390/ph16020307
https://www.ncbi.nlm.nih.gov/pubmed/37259452
https://doi.org/10.3390/ph17010119
https://www.ncbi.nlm.nih.gov/pubmed/38256952
https://doi.org/10.1183/23120541.00049-2018
https://www.ncbi.nlm.nih.gov/pubmed/30364342
https://doi.org/10.1016/j.pupt.2020.101917
https://www.ncbi.nlm.nih.gov/pubmed/32205281
https://doi.org/10.3389/fmolb.2020.581828
https://www.ncbi.nlm.nih.gov/pubmed/33102528
https://doi.org/10.1111/resp.13024
https://doi.org/10.3390/biomedicines10123229
https://www.ncbi.nlm.nih.gov/pubmed/36551989
https://doi.org/10.1016/S0140-6736(11)60405-4
https://www.ncbi.nlm.nih.gov/pubmed/21571362
https://doi.org/10.1186/s12931-020-01570-2
https://www.ncbi.nlm.nih.gov/pubmed/33208169
https://doi.org/10.3390/ph15081033
https://doi.org/10.1016/j.cpcardiol.2021.100856
https://www.ncbi.nlm.nih.gov/pubmed/33994029
https://doi.org/10.1371/journal.pone.0136160
https://www.ncbi.nlm.nih.gov/pubmed/26308723
https://doi.org/10.1164/ajrccm.159.4.9805017
https://www.ncbi.nlm.nih.gov/pubmed/10194146
https://doi.org/10.1183/09031936.00005209
https://www.ncbi.nlm.nih.gov/pubmed/19996196
https://doi.org/10.1183/16000617.0057-2017
https://www.ncbi.nlm.nih.gov/pubmed/29212837
https://doi.org/10.1183/13993003.00161-2019
https://www.ncbi.nlm.nih.gov/pubmed/31285305

Pharmaceuticals 2024, 17, 709 17 of 20

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Confalonieri, P.; Volpe, M.C.; Jacob, J.; Maiocchi, S.; Salton, F; Ruaro, B.; Confalonieri, M.; Braga, L. Regeneration or Repair?
The Role of Alveolar Epithelial Cells in the Pathogenesis of Idiopathic Pulmonary Fibrosis (IPF). Cells 2022, 11, 2095. [CrossRef]
[PubMed]

Harari, S.; Pesci, A.; Albera, C.; Poletti, V.; Amici, C.; Crespi, G.; Campolo, B.; Vancheri, C.; FIBRONET Study Group. Nintedanib
in IPF: Post hoc Analysis of the Italian FIBRONET Observational Study. Respiration 2022, 101, 577-584. [CrossRef]

Brunnemer, E.; Wilscher, J.; Tenenbaum, S.; Hausmanns, J.; Schulze, K.; Seiter, M.; Heussel, C.P.; Warth, A.; Herth, E]J.F,;
Kreuter, M. Real-World Experience with Nintedanib in Patients with Idiopathic Pulmonary Fibrosis. Respiration 2018, 95, 301-309.
[CrossRef]

Antoniou, K.; Markopoulou, K.; Tzouvelekis, A.; Trachalaki, A.; Vasarmidi, E.; Organtzis, J.; Tzilas, V.; Bouros, E.; Kounti,
G.; Rampiadou, C; et al. Efficacy and safety of nintedanib in a Greek multicentre idiopathic pulmonary fibrosis registry: A
retrospective, observational, cohort study. ER] Open Res. 2020, 6, 00172-02019. [CrossRef]

Crestani, B.; Huggins, ].T.; Kaye, M.; Costabel, U.; Glaspole, I.; Ogura, T.; Song, ] W.; Stansen, W.; Quaresma, M.; Stowasser, S.;
et al. Long-term safety and tolerability of nintedanib in patients with idiopathic pulmonary fibrosis: Results from the open-label
extension study, INPULSIS-ON. Lancet Respir. Med. 2019, 7, 60-68. [CrossRef]

Cutolo, M.; Trombetta, A.C.; Melsens, K.; Pizzorni, C.; Sulli, A.; Ruaro, B.; Paolino, S.; Deschepper, E.; Smith, V. Automated
assessment of absolute nailfold capillary number on videocapillaroscopic images: Proof of principle and validation in systemic
sclerosis. Microcirculation 2018, 25, €12447. [CrossRef]

Tsutsumi, T.; Nagaoka, T.; Yoshida, T.; Wang, L.; Kuriyama, S.; Suzuki, Y.; Nagata, Y.; Harada, N.; Kodama, Y.; Takahashi, F; et al.
Nintedanib ameliorates experimental pulmonary arterial hypertension via inhibition of endothelial mesenchymal transition and
smooth muscle cell proliferation. PLoS ONE 2019, 14, e0214697. [CrossRef] [PubMed]

Finnerty, ].P.; Ponnuswamy, A.; Dutta, P.; Abdelaziz, A.; Kamil, H. Efficacy of antifibrotic drugs, nintedanib and pirfenidone, in
treatment of progressive pulmonary fibrosis in both idiopathic pulmonary fibrosis (IPF) and non-IPF: A systematic review and
meta-analysis. BMC Pulm. Med. 2021, 21, 411. [CrossRef]

Nathan, S.D.; Albera, C.; Bradford, W.Z.; Costabel, U.; Glaspole, I.; Glassberg, M.K.; Kardatzke, D.R.; Daigl, M.; Kirchgaessler,
K.U,; Lancaster, L.H.; et al. Effect of pirfenidone on mortality: Pooled analyses and meta-analyses of clinical trials in idiopathic
pulmonary fibrosis. Lancet Respir. Med. 2017, 5, 33—41. [CrossRef]

Maher, TM. Combination Therapy and the Start of a New Epoch for Idiopathic Pulmonary Fibrosis? Am. J. Respir. Crit. Care Med.
2018, 197, 283-284. [CrossRef] [PubMed]

Vancheri, C.; Vancheri, C.; Kreuter, M.; Kreuter, M.; Richeldi, L.; Richeldi, L.; Ryerson, C.J.; Ryerson, C.]J.; Valeyre, D.; Valeyre, D.;
et al. Nintedanib with Add-on Pirfenidone in Idiopathic Pulmonary Fibrosis. Results of the INJOURNEY Trial. Am. ]. Respir. Crit.
Care Med. 2018, 197, 356-363. [CrossRef] [PubMed]

Kowal-Bielecka, O.; Fransen, J.; Avouac, J.; Becker, M.; Kulak, A.; Allanore, Y.; Distler, O.; Clements, P.; Cutolo, M.; Czirjak,
L.; et al. Update of EULAR recommendations for the treatment of systemic sclerosis. Ann. Rheum. Dis. 2017, 76, 1327-1339.
[CrossRef] [PubMed]

Tashkin, D.P; Elashoff, R.; Clements, P.J.; Goldin, J.; Roth, M.D,; Furst, D.E.; Arriola, E; Silver, R.; Strange, C.; Bolster, M.; et al.
Cyclophosphamide versus placebo in scleroderma lung disease. N. Engl. J. Med. 2006, 354, 2655-2666. [CrossRef] [PubMed]
Tashkin, D.P; Roth, M.D.; Clements, PJ.; Furst, D.E.; Khanna, D.; Kleerup, E.C.; Goldin, J.; Arriola, E.; Volkmann, E.R.; Kafaja,
S.; et al. Mycophenolate mofetil versus oral cyclophosphamide in scleroderma-related interstitial lung dis-731 ease (SLS II): A
randomised controlled, double-blind, parallel group trial. Lancet Respir. Med. 2016, 4, 708-719. [CrossRef]

Raghu, G.; Montesi, S.B.; Silver, R.M.; Hossain, T.; Macrea, M.; Herman, D.; Barnes, H.; Adegunsoye, A.; Azuma, A.; Chung,
L.; et al. Treatment of Systemic Sclerosis-associated Interstitial Lung Disease: Evidence-based Recommendations. An Official
American Thoracic Society Clinical Practice Guideline. Am. . Respir. Crit. Care Med. 2024, 209, 137-152. [CrossRef]

Wells, A.U.; Flaherty, K.R.; Brown, K.K.; Inoue, Y.; Devaraj, A.; Richeldi, L.; Moua, T.; Crestani, B.; Wuyts, W.A.; Stowasser, S.;
et al. Nintedanib in patients with progressive fibrosing interstitial lung diseases-subgroup analyses by interstitial lung disease
diagnosis in the INBUILD trial: A randomised, double-blind, placebo-controlled, parallel-group trial. Lancet Respir. Med. 2020, 8,
453-460. [CrossRef] [PubMed]

Distler, O.; Highland, K.B.; Gahlemann, M.; Azuma, A.; Fischer, A.; Mayes, M.D.; Raghu, G.; Sauter, W.; Girard, M.; Alves, M.;
et al. Nintedanib for Systemic Sclerosis-Associated Interstitial Lung Disease. N. Engl. ]. Med. 2019, 380, 2518-2528. [CrossRef]
[PubMed]

Highland, K.B.; Distler, O.; Kuwana, M.; Allanore, Y.; Assassi, S.; Azuma, A.; Bourdin, A.; Denton, C.P.; Distler, ].H.; Hoffmann-
Vold, A.M,; et al. Efficacy and safety of nintedanib in patients with systemic sclerosis-associated interstitial lung disease treated
with mycophenolate: A subgroup analysis of the SENSCIS trial. Lancet Respir. Med. 2021, 9, 96-106. [CrossRef]

Khanna, D.; Albera, C.; Fischer, A.; Khalidi, N.; Raghu, G.; Chung, L.; Chen, D.; Schiopu, E.; Tagliaferri, M.; Seibold, J.R.; et al. An
Open-label, Phase II Study of the Safety and Tolerability of Pirfenidone in Patients with Scleroderma-associated Interstitial Lung
Disease: The LOTUSS Trial. J. Rheumatol. 2016, 43, 1672-1679. [CrossRef] [PubMed]

Behr, J.; Prasse, A.; Kreuter, M.; Johow, J.; Rabe, K.E,; Bonella, E;; Bonnet, R.; Grohe, C.; Held, M.; Wilkens, H.; et al. Pirfenidone in
patients with progressive fibrotic interstitial lung diseases other than idiopathic pulmonary fibrosis (RELIEF): A double-blind,
randomised, placebo-controlled, phase 2b trial. Lancet Respir. Med. 2021, 9, 476-486. [CrossRef]


https://doi.org/10.3390/cells11132095
https://www.ncbi.nlm.nih.gov/pubmed/35805179
https://doi.org/10.1159/000521138
https://doi.org/10.1159/000485933
https://doi.org/10.1183/23120541.00172-2019
https://doi.org/10.1016/S2213-2600(18)30339-4
https://doi.org/10.1111/micc.12447
https://doi.org/10.1371/journal.pone.0214697
https://www.ncbi.nlm.nih.gov/pubmed/31339889
https://doi.org/10.1186/s12890-021-01783-1
https://doi.org/10.1016/S2213-2600(16)30326-5
https://doi.org/10.1164/rccm.201709-1939ED
https://www.ncbi.nlm.nih.gov/pubmed/28984465
https://doi.org/10.1164/rccm.201706-1301OC
https://www.ncbi.nlm.nih.gov/pubmed/28889759
https://doi.org/10.1136/annrheumdis-2016-209909
https://www.ncbi.nlm.nih.gov/pubmed/27941129
https://doi.org/10.1056/NEJMoa055120
https://www.ncbi.nlm.nih.gov/pubmed/16790698
https://doi.org/10.1016/S2213-2600(16)30152-7
https://doi.org/10.1164/rccm.202306-1113ST
https://doi.org/10.1016/S2213-2600(20)30036-9
https://www.ncbi.nlm.nih.gov/pubmed/32145830
https://doi.org/10.1056/NEJMoa1903076
https://www.ncbi.nlm.nih.gov/pubmed/31112379
https://doi.org/10.1016/S2213-2600(20)30330-1
https://doi.org/10.3899/jrheum.151322
https://www.ncbi.nlm.nih.gov/pubmed/27370878
https://doi.org/10.1016/S2213-2600(20)30554-3

Pharmaceuticals 2024, 17, 709 18 of 20

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Kamenova, A.; Tzouvelekis, A.; Margaritopoulos, G.A. Recent advances in the treatment of systemic sclerosis associated interstitial
lung disease. Front. Med. 2023, 10, 1155771. [CrossRef] [PubMed]

Dinnon, K.H., III; Leist, S.R.; Okuda, K.; Dang, H.; Fritch, E.J.; Gully, K.L.; De la Cruz, G.; Evangelista, M.D.; Asakura, T.; Gilmore,
R.C; et al. A model of persistent post SARS-CoV-2 induced lung disease for target identification and testing of therapeutic
strategies. Natl. Inst. Health 2022. [CrossRef] [PubMed]

Bazdyrev, E.; Rusina, P.; Panova, M.; Novikov, F.; Grishagin, I.; Nebolsin, V. Lung Fibrosis after COVID-19, Treatment Prospects.
Pharmaceuticals 2021, 14, 807. [CrossRef]

Al-Kuraishy, HM.; Batiha, G.E.-S.; Faidah, H.; Al-Gareeb, A.L,; Saad, H.M.; Simal-Gandara, J. Pirfenidone and post-Covid-19
pulmonary fibrosis: Invoked again for realistic goals. Inflammopharmacology 2022, 30, 2017-2026. [CrossRef]

Udwadia, Z.; Koul, P;; Richeldi, L. Post-COVID lung fibrosis: The tsunami that will follow the earthquake. Lung India 2021, 38
(Suppl. S1), 541-547. [CrossRef] [PubMed]

Alrajhi, N.N. Post-COVID-19 pulmonary fibrosis: An ongoing concern. Ann. Thorac. Med. 2023, 18, 173-181. [CrossRef] [PubMed]
Acat, M.; Yildiz Gulhan, P; Oner, S.; Turan, M.K. Comparison of pirfenidone and corticosteroid treatments at the COVID-19
pneumonia with the guide of artificial intelligence supported thoracic computed tomography. Int. J. Clin. Pract. 2021, 75, e14961.
[CrossRef] [PubMed]

Firdaus, H. Clinical improvement with pirfenidone in two patients of COVID 19. J. Clin. Diagn. Res. 2020, 14, 14-16. [CrossRef]
Zhou, X.; Yang, D.; Kong, X.; Wei, C; LvQiu, S.; Wang, L.; Lin, Y.; Yin, Z.; Zhou, Z.; Luo, H. Case report: Pirfenidone in the
treatment of post-COVID-19 pulmonary fibrosis. Front. Med. 2022, 9, 925703. [CrossRef] [PubMed]

Momen, A.B. Usefulness of pirfenidone in COVID lung: A caseseries. Eur. J. Med. Health Sci. 2021, 3, 24-26.

Umemura, Y.; Mitsuyama, Y.; Minami, K.; Nishida, T.; Watanabe, A.; Okada, N.; Yamakawa, K.; Nochioka, K.; Fujimi, S. Efficacy
and safety of nintedanib for pulmonary fibrosis in severe pneumonia induced by COVID-19, An interventional study. Int. ]. Infect.
Dis. 2021, 108, 454-460. [CrossRef] [PubMed]

Marwah, V.; Choudhary, R.; Malik, V.; Pemmaraju, A.; Peter, D. Early experience of nintedanib in COVID-19 ARDS-related
pulmonary fibrosis: A case series. Adv. Respir. Med. 2021, 89, 589-596. [CrossRef] [PubMed]

Bussolari, C.; Palumbo, D.; Fominsky, E.; Nardelli, P.; De Lorenzo, R.; Vitali, G.; De Cobelli, F.; Rovere-Querini, P.; Scandroglio,
A M. Case Report: Nintedaninb May Accelerate Lung Recovery in Critical Coronavirus Disease 2019. Case Rep. Front. Med. 2021,
8, 766486. [CrossRef]

Ogata, H.; Nakagawa, T,; Sakoda, S.; Ishimatsu, A.; Taguchi, K.; Kadowaki, M.; Moriwaki, A.; Yoshida, M. Nintedanib treatment
for pulmonary fibrosis after coronavirus disease 2019. Respirol. Case Rep. 2021, 9, e00744. [CrossRef]

Jindal, S.; Dhooria, S.; Maturu, V.; Talwar, D.; Kumar, S.; Handa, A.; Agrawal, P; Jindal, A.; Tampi, P; Goyal, A,; et al. A
multicenter survey study of antifibrotic use for symptomatic patients with post-COVID-19 interstitial lung abnormalities. Lung
India 2022, 39, 254-260. [CrossRef]

Kerget, B.; Cil, G; Araz, O.; Alper, F,; Akgiin, M. Comparison of two antifibrotic treatments for lung fibrosis in post-COVID-
19syndrome: A randomized, prospective study. Med. Clin. 2023, 160, 525-530. [CrossRef] [PubMed]

Saiphoklang, N.; Patanayindee, P.; Ruchiwit, P. The Effect of Nintedanib in Post-COVID-19 Lung Fibrosis: An Observational
Study. Crit. Care Res. Pract. 2022, 2022, 9972846. [CrossRef]

Collins, B.F,; Raghu, G. Antifibrotic therapy for fibrotic lung disease beyond idiopathic pulmonary fibrosis. Eur. Respir. Rev. 2019,
28,190022. [CrossRef]

Baughman, R.P; Gupta, R.; Judson, M.A.; Lower, E.E.; Birring, S.S.; Stewart, J.; Reeves, R.; Wells, A.U. Value of Pulmonary
Function Testing Identifying Progressive Pulmonary Disease in Fibrotic Sarcoidosis: Results of a Prospective Feasibility Study.
Sarcoidosis Vasc. Diffus. Lung Dis. Off. ]. WASOG 2022, 39, e2022011.

Flaherty, K.R.; Wells, A.U,; Cottin, V.; Devaraj, A.; Walsh, S.L.; Inoue, Y.; Richeldi, L.; Kolb, M.; Tetzlaff, K.; Stowasser, S.; et al.
Nintedanib in Progressive Fibrosing Interstitial Lung Diseases. N. Engl. |. Med. 2019, 381, 1718-1727. [CrossRef] [PubMed]
Cottin, V.; Richeldi, L.; Rosas, I.; Otaola, M.; Song, ].W.; Tomassetti, S.; Wijsenbeek, M.; Schmitz, M.; Coeck, C.; Stowasser, S.;
et al. Nintedanib and immunomodulatory therapies in progressive fibrosing interstitial lung diseases. Respir. Res. 2021, 22, 84.
[CrossRef] [PubMed]

Matteson, E.L.; Aringer, M.; Burmester, G.R.; Mueller, H.; Moros, L.; Kolb, M. Effect of nintedanib in patients with progressive
pulmonary fibrosis associated with rheumatoid arthritis: Data from the INBUILD trial. Clin. Rheumatol. 2023, 42, 2311-2319.
[CrossRef]

Silva, A.J.S.G.; Martins, A.; Ferreira, C.C.; Oliveira, C.P.; Guimaraes, F.; Gago, L.; Duarte, A.C.; Costa, C.; Salvador, M.].; Teixeira,
V.; et al. Pos1307 Nintedanib in Rheumatic Disease-Associated Interstitial Lung Disease—A Multicentre Nationwide Cohort
Study. Ann. Rheum. Dis. 2023, 82 (Suppl. S1), 1001-1002.

Redente, E.F,; Aguilar, M.A; Black, B.P.; Edelman, B.L.; Bahadur, A.N.; Humphries, S.M.; Lynch, D.A.; Wollin, L.; Riches, D.W.H.
Nintedanib reduces pulmonary fibrosis in a model of rheumatoid arthritis-associated interstitial lung disease. Am. J. Physiol.
Lung Cell. Mol. Physiol. 2018, 314, L998-L1009. [CrossRef]

Misra, H.P,; Rabideau, C. Pirfenidone inhibits NADPH-dependent microsomal lipid peroxidation and scavenges hydroxyl
radicals. Mol. Cell. Biochem. 2000, 204, 119-126. [CrossRef] [PubMed]

Gan, D.; Cheng, W,; Ke, L.; Sun, A.R; Jia, Q.; Chen, J.; Lin, J.; Li, J.; Xu, Z.; Zhang, P. Repurposing of Pirfenidone (Anti-Pulmonary
Fibrosis Drug) for Treatment of Rheumatoid Arthritis. Front. Pharmacol. 2021, 12, 631891. [CrossRef] [PubMed]


https://doi.org/10.3389/fmed.2023.1155771
https://www.ncbi.nlm.nih.gov/pubmed/37035331
https://doi.org/10.1101/2022.02.15.480515
https://www.ncbi.nlm.nih.gov/pubmed/35194605
https://doi.org/10.3390/ph14080807
https://doi.org/10.1007/s10787-022-01027-6
https://doi.org/10.4103/lungindia.lungindia_818_20
https://www.ncbi.nlm.nih.gov/pubmed/33686978
https://doi.org/10.4103/atm.atm_7_23
https://www.ncbi.nlm.nih.gov/pubmed/38058790
https://doi.org/10.1111/ijcp.14961
https://www.ncbi.nlm.nih.gov/pubmed/34624155
https://doi.org/10.7860/JCDR/2020/46428.14385
https://doi.org/10.3389/fmed.2022.925703
https://www.ncbi.nlm.nih.gov/pubmed/35733875
https://doi.org/10.1016/j.ijid.2021.05.055
https://www.ncbi.nlm.nih.gov/pubmed/34048887
https://doi.org/10.5603/ARM.a2021.0113
https://www.ncbi.nlm.nih.gov/pubmed/34966994
https://doi.org/10.3389/fmed.2021.766486
https://doi.org/10.1002/rcr2.744
https://doi.org/10.4103/lungindia.lungindia_568_21
https://doi.org/10.1016/j.medcli.2022.12.021
https://www.ncbi.nlm.nih.gov/pubmed/37055254
https://doi.org/10.1155/2022/9972846
https://doi.org/10.1183/16000617.0022-2019
https://doi.org/10.1056/NEJMoa1908681
https://www.ncbi.nlm.nih.gov/pubmed/31566307
https://doi.org/10.1186/s12931-021-01668-1
https://www.ncbi.nlm.nih.gov/pubmed/33726766
https://doi.org/10.1007/s10067-023-06623-7
https://doi.org/10.1152/ajplung.00304.2017
https://doi.org/10.1023/A:1007023532508
https://www.ncbi.nlm.nih.gov/pubmed/10718632
https://doi.org/10.3389/fphar.2021.631891
https://www.ncbi.nlm.nih.gov/pubmed/33746759

Pharmaceuticals 2024, 17, 709 19 of 20

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Solomon, J.J.; Danoff, S.K.; Woodhead, F.A.; Hurwitz, S.; Maurer, R.; Glaspole, I.; Dellaripa, P.E; Gooptu, B.; Vassallo, R.; Cox, P.G,;
et al. Safety, tolerability, and efficacy of pirfenidone in patients with rheumatoid arthritis-associated interstitial lung disease: A
randomised, double-blind, placebo-controlled, phase 2 study. Lancet Respir. Med. 2023, 11, 87-96. [CrossRef] [PubMed]

Wang, J.; Wang, X,; Qi, X.; Sun, Z.; Zhang, T.; Cui, Y.; Shu, Q. The Efficacy and Safety of Pirfenidone Combined With Immunosup-
pressant Therapy in Connective Tissue Disease-Associated Interstitial Lung Disease: A 24-Week Prospective Controlled Cohort
Study. Front. Med. 2022, 9, 871861. [CrossRef] [PubMed]

Li, T.; Guo, L.; Chen, Z,; Gu, L.; Sun, F,; Tan, X.; Chen, S.; Wang, X.; Ye, S. Pirfenidone in patients with rapidly progressive
interstitial lung disease associated with clinically amyopathic dermatomyositis. Sci. Rep. 2016, 6, 33226. [CrossRef] [PubMed]
Liang, J.; Cao, H,; Yang, Y,; Ke, Y;; Yu, Y.; Sun, C.; Yue, L.; Lin, J. Efficacy and tolerability of nintedanib in idiopathicinflammatory-
myopathy-related interstitial lung disease: A pilot study. Front. Med. 2021, 8, 626953. [CrossRef] [PubMed]

Raghu, G.; Rochwerg, B.; Zhang, Y.; Cuello-Garcia, C.; Azuma, A.; Behr, ].; Brozek, ].L.; Collard, H.R.; Cunningham, W.; Homma,
S.; et al. An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline: Treatment of Idiopathic Pulmonary Fibrosis. An Update of
the 2011 Clinical Practice Guideline. Am. J. Respir. Crit. Care Med. 2015, 192, e3—e19, Erratum in Am. J. Respir. Crit. Care Med. 2015,
192, 644. [CrossRef] [PubMed]

Al-Baldawi, S.; Zuniga Salazar, G.; Zuiiga, D.; Balasubramanian, S.; Mehmood, K.T. Interstitial Lung Disease in Rheumatoid
Arthritis: A Review. Cureus 2024, 16, €53632. [CrossRef] [PubMed]

Fabbri, L.; Moss, S.; Khan, F.A.; Chi, W.; Xia, J.; Robinson, K.; Smyth, A.R.; Jenkins, G.; Stewart, I. Parenchymal Lung Abnormalities
Following Hospitalisation for COVID-19 and Viral Pneumonitis: A Systematic Review and Meta-Analysis. Thorax 2023, 78,
191-201. [CrossRef]

Oku, H.; Shimizu, T.; Kawabata, T.; Nagira, M.; Hikita, I.; Ueyama, A.; Matsushima, S.; Torii, M.; Arimura, A. Antifibrotic action
of pirfenidone and prednisolone: Different effects on pulmonary cytokines and growth factors in bleomycin-induced murine
pulmonary fibrosis. Eur. J. Pharmacol. 2008, 590, 400-408. [CrossRef]

Gulati, A.; Lakhani, P. Interstitial lung abnormalities and pulmonary fibrosis in COVID-19 patients: A short-term follow-up case
series. Clin. Imaging 2021, 77, 180-186. [CrossRef] [PubMed]

Bocchino, M.; Rea, G.; Capitelli, L.; Lieto, R.; Bruzzese, D. Chest CT Lung Abnormalities 1 Year after COVID-19, A Systematic
Review and Meta-Analysis. Radiology 2023, 308, €230535. [CrossRef] [PubMed]

Lee, J.H.; Yim, J.-J.; Park, J. Pulmonary Function and Chest Computed Tomography Abnormalities 612 Months after Recovery
from COVID-19, A Systematic Review and Meta-Analysis. Respir. Res. 2022, 23, 233. [CrossRef] [PubMed]

Huang, L.; Yao, Q.; Gu, X.; Wang, Q.; Ren, L.; Wang, Y.; Hu, P; Guo, L.; Liu, M.; Xu, J.; et al. 1-year outcomes in hospital survivors
with COVID-19, A longitudinal cohort study. Lancet 2021, 398, 747-758, Erratum in Lancet 2022, 399, 1778. [CrossRef] [PubMed]
[PubMed Central]

Konopka, K.E.; Perry, W.; Huang, T.; Farver, C.E; Myers, ].L. Usual interstitial pneumonia is the most common finding in surgical
lung biopsies from patients with persistent interstitial lung disease following infection with SARS-CoV-2. EClinicalMedicine 2021,
42,101209. [CrossRef] [PubMed]

Shah Gupta, R.; Koteci, A.; Morgan, A.; George, PM.; Quint, J.K. Incidence and prevalence of interstitial lung diseases worldwide:
A systematic literature review. BMJ Open Respir. Res. 2023, 10, e001291. [CrossRef] [PubMed] [PubMed Central]

Stewart, I; Jacob, J.; George, PM.; Molyneaux, P.L.; Porter, ].C.; Allen, R.J.; Aslani, S.; Baillie, ].K.; Barratt, S.L.; Beirne, P.; et al.
Residual lung abnormalities following COVID-19 hospitalization: Interim analysis of the UKILD post-COVID-19 study. Am. J.
Respir. Crit. Care Med. 2022, 207, 693-703. [CrossRef] [PubMed]

Adegunsoye, A.; Adegunsoye, A.; Baccile, R.; Baccile, R.; Best, T.].; Best, T.].; Zaksas, V.; Zaksas, V.; Zhang, H.; Zhang, H.; et al.
Pharmacotherapy and pulmonary fibrosis risk after SARS-CoV-2 infection: A prospective nationwide cohort study in the United
States. Lancet Reg. Health Am. 2023, 25, 100566. [CrossRef] [PubMed]

Podolanczuk, A.].; Thomson, C.C.; Remy-Jardin, M.; Richeldi, L.; Martinez, FJ.; Kolb, M.; Raghu, G. Idiopathic pulmonary
fibrosis: State of the art for 2023. Eur. Respir. J. 2023, 61, 2200957. [CrossRef] [PubMed]

Raghu, G.; Remy-Jardin, M.; Richeldi, L.; Thomson, C.C.; Inoue, Y.; Johkoh, T.; Kreuter, M.; Lynch, D.A.; Maher, T.M.; Martinez, F].;
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—e47. [CrossRef]

Koudstaal, T.; Wijsenbeek, M.S. Idiopathic pulmonary fibrosis. Presse Med. 2023, 52, 104166. [CrossRef] [PubMed]

Dempsey, T.M.; Thao, V.; Moriarty, ].P; Borah, B.J.; Limper, A.H. Cost-effectiveness of the anti-fibrotics for the treatment of
idiopathic pulmonary fibrosis in the United States. BMC Pulm. Med. 2022, 22, 18. [CrossRef] [PubMed]

Dempsey, T.M.; Payne, S.; Sangaralingham, L.; Yao, X.; Shah, N.D.; Limper, A.H. Adoption of the Antifibrotic Medications
Pirfenidone and Nintedanib for Patients with Idiopathic Pulmonary Fibrosis. Ann. Am. Thorac. Soc. 2021, 18, 1121-1128.
[CrossRef] [PubMed]

Westerink, L.; Nicolai, J.L.J.; Postma, M.].; van Boven, J.EM.; Boersma, C. Cost-Effectiveness of Nintedanib for Patients with
Progressive Fibrosing Interstitial Lung Disease (PF-ILD). PharmacoEconomics-Open 2022, 6, 647-656. [CrossRef] [PubMed]
Rinciog, C.; Diamantopoulos, A.; Gentilini, A.; Bondue, B.; Dahlqvist, C.; Froidure, A.; Wuyts, W.A.; Soulard, S. Cost-Effectiveness
Analysis of Nintedanib Versus Pirfenidone in Idiopathic Pulmonary Fibrosis in Belgium. PharmacoEconomics-Open 2020, 4, 449-458.
[CrossRef] [PubMed]


https://doi.org/10.1016/S2213-2600(22)00260-0
https://www.ncbi.nlm.nih.gov/pubmed/36075242
https://doi.org/10.3389/fmed.2022.871861
https://www.ncbi.nlm.nih.gov/pubmed/35646960
https://doi.org/10.1038/srep33226
https://www.ncbi.nlm.nih.gov/pubmed/27615411
https://doi.org/10.3389/fmed.2021.626953
https://www.ncbi.nlm.nih.gov/pubmed/33614683
https://doi.org/10.1164/rccm.201506-1063ST
https://www.ncbi.nlm.nih.gov/pubmed/26177183
https://doi.org/10.7759/cureus.53632
https://www.ncbi.nlm.nih.gov/pubmed/38449991
https://doi.org/10.1136/thoraxjnl-2021-218275
https://doi.org/10.1016/j.ejphar.2008.06.046
https://doi.org/10.1016/j.clinimag.2021.03.030
https://www.ncbi.nlm.nih.gov/pubmed/33836413
https://doi.org/10.1148/radiol.230535
https://www.ncbi.nlm.nih.gov/pubmed/37404150
https://doi.org/10.1186/s12931-022-02163-x
https://www.ncbi.nlm.nih.gov/pubmed/36068582
https://doi.org/10.1016/S0140-6736(21)01755-4
https://www.ncbi.nlm.nih.gov/pubmed/34454673
https://www.ncbi.nlm.nih.gov/pmc/PMC8389999
https://doi.org/10.1016/j.eclinm.2021.101209
https://www.ncbi.nlm.nih.gov/pubmed/34841234
https://doi.org/10.1136/bmjresp-2022-001291
https://www.ncbi.nlm.nih.gov/pubmed/37308252
https://www.ncbi.nlm.nih.gov/pmc/PMC10277538
https://doi.org/10.1164/rccm.202203-0564OC
https://www.ncbi.nlm.nih.gov/pubmed/36457159
https://doi.org/10.1016/j.lana.2023.100566
https://www.ncbi.nlm.nih.gov/pubmed/37564420
https://doi.org/10.1183/13993003.00957-2022
https://www.ncbi.nlm.nih.gov/pubmed/36702498
https://doi.org/10.1164/rccm.202202-0399ST
https://doi.org/10.1016/j.lpm.2023.104166
https://www.ncbi.nlm.nih.gov/pubmed/37156412
https://doi.org/10.1186/s12890-021-01811-0
https://www.ncbi.nlm.nih.gov/pubmed/35000589
https://doi.org/10.1513/AnnalsATS.202007-901OC
https://www.ncbi.nlm.nih.gov/pubmed/33465323
https://doi.org/10.1007/s41669-022-00354-2
https://www.ncbi.nlm.nih.gov/pubmed/35927409
https://doi.org/10.1007/s41669-019-00191-w
https://www.ncbi.nlm.nih.gov/pubmed/31939146

Pharmaceuticals 2024, 17, 709 20 of 20

107. Salton, F.; Ruaro, B.; Confalonieri, P.; Confalonieri, M. Epithelial-Mesenchymal Transition: A Major Pathogenic Driver in
Idiopathic Pulmonary Fibrosis? Medicina 2020, 56, 608. [CrossRef]

108. Lekke, A.; Castello, L.; Pinheiro Martins, P.; Soulard, S.; Hilberg, O. Burden of Disease and Productivity Loss in the European
Economic Area in Patients Affected by Fibrosing Interstitial Lung Disease. Adv. Ther. 2023, 40, 5502-5518. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/medicina56110608
https://doi.org/10.1007/s12325-023-02701-z

	Introduction 
	Pirfenidone and Nintedanib in ILDs 
	Tolerance of Antifibrotic Drugs in Real Clinical Practice 
	Cost-Effective Analysis of Antifibrotic Drugs 
	Discussion 
	Conclusions 
	References

