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ABSTRACT

Background: Idiopathic pulmonary fibrosis (IPF) is the most common and lethal among diffuse
fibrosing interstitial lung diseases (ILD). Beyond lung transplantion, the therapeutic approach relies
on antifibrotic treatment: pirfenidone and nintedanib are the only pharmaceutical drugs approved for
IPF, since they have demonstrated to significantly reduce disease progression rate. Still, no solid data
has been published to compare these two drugs as well as few studies have investigated their potential
efficacy on familial pulmonary fibrosis (FPF) and progressive fibrosing ILD (PF-ILD) in a real-life

setting.

Methods: we collected clinical, functional and radiological data from all patients affected with IPF
and PF-ILDs that have been treated with pirfenidone and nintedanib at Referral Centre of Siena from
2011 to 2020. The aim of the research was to compare effectiveness of the two drugs in terms of

mortality and disease progression in our population.

Results: no significant differences in mortality and progression-free survival were observed between
pirfenidone and nintedanib subgroup. Both drugs significantly reduce FVC and DLCO decline rate
in respect with pretreatment period. Similar data was observed in the PF-ILD subgroup, while FPF
patients showed no significant benefit from antifibrotic treatment in terms of disease progression.

Pirfenidone was more effective than nintedanib in preserving FVC in FPF subgroup.

Conclusions: our research study, conducted in a large cohort through a almost decennial time of
observation, confirmed the reliable and substantially similar efficacy of pirfenidone and nintedanib
in improving life expectancy and progression-free survival of IPF patients. FPF appeared to be less
responsive to antifibrotics, but pirfenidone showed a better performance than nintedanib on this field.
PF-ILD patients showed a analogue clinical course of IPF subjects in our study: the effectiveness of

pirfenidone and nintedanib was reliable and similar, supporting their future use in clinical practice.



ABBREVIATIONS

CA: cancer antigen

CCL: = C-C motif chemokine ligand

CPFE: combined pulmonary fibrosis and emphysema

CTD: connective tissue disease

CXCL = C-X-C motif chemokine

CX3CL: fractalkine

DLCO: diffusion lung capacity for carbon monoxide

FEV1: forced expiratory volume in the 1 second

FGF: fibroblast growth factor

FPF: familial pulmonary fibrosis

FVC: forced vital capacity

HP: hypersensitivity pneumonitis

HRCT: high resolution computed tomography

ICAM-1: intercellular adhesion molecule 1

IFN: interferon

IL: interleukin

ILD: interstitial lung disease

IPF: idiopathic pulmonary fibrosis

KL-6: Krebs von den Lungen-6



LOXL2: lysyl oxidase-like 2

MMP: matrix metalloproteinases

NSIP: non-specific interstitial pneumonia

PDGEF: platelet-derived growth factor

PF-ILD: progressive fibrosing interstitial lung disease

RA: rheumatoid arthritis

S100A9: S-100 calcium binding protein

SP: surfactant protein

SSC: systemic sclerosis

TERC: telomerase RNA component

TERT: Telomerase reverse transcriptase

TGF: transforming growth factor

TNF: tumor necrosis factor

TOLLIP: Toll Interacting Protein

UIP: usual interstitial pneumonia

VCAMI1: vascular cell adhesion molecule 1

VEGF: vascular endothelial growth factor

YKL-40: chitinase-3-like protein 1.



INTRODUCTION

Interstitial lung diseases (ILD) include more than 200 parenchymal pulmonary disorders,
characterized by an involvement of lung interstitial district, whose extension and localization may be
very heterogeneous. The majority of ILDs are recognized as rare disease: this aspect makes
differential diagnosis and, consequently, prognostic estimation really challenging. Moreover, ILD
development may also be associated to non-pulmonary systemic diseases (such as connective tissue
diseases (CTD)) or be determined by specific exposure of organic or non-organic molecules.
Therefore, although pulmonologists are commonly the referral physician for ILD patients, all these
issues make a multidisciplinary approach absolutely necessary for the clinical management, as
recently officially endorsed by international guidelines for the diagnosis of idiopathic pulmonary

fibrosis (IPF), sarcoidosis and chronic hypersensitivity pneumonitis (HP) (1-3).

However, despite being considered a crucial issue for the clinical management of these patients, early
diagnosis of ILD remains nowadays an unresolved issue, since symptomatic onset is commonly
insidious, non-specific and slowly progressive. The most common symptoms reported by ILD
patients are dry cough and exertional dyspnea: it is estimated a mean diagnostic delay of 2-3 years

from symptoms onset, that significantly impacts in life expectancy of these patients (4).

Many ILDs typically show a inexorably progressive course, leading to chronic respiratory failure and
death. Notably, IPF, the most common and well-recognized fibrotic ILD, is burdened by a worse
prognosis than the majority of malignant diseases (5). However, also other ILDs could present a
progressive fibrosing phenotype that may be indistinguishable from IPF, leading to a progressive
deterioration in lung function, respiratory symptoms and quality of life (6). These findings, combined
with the evidence that steroids and/or immunosuppressants may not be effective or even detrimental
in these patients, led the way to the definition of progressive fibrosing ILD (PF-ILD), including many

different disease entities that can mimic IPF clinical course and prognosis (Figure 1).
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Figure 1. Classification model for ILDs. Potential PF-ILD are reported in bold. From Cottin et al. (6)

IDIOPATHIC PULMONARY FIBROSIS

Definition and epidemiology

IPF is a chronic and irreversible diffuse ILD of unknown origin, characterized by a progressive
worsening of respiratory symptoms (exertional dyspnea and typically dry chronic cough), leading to

respiratory failure and death in few years, if untreated.

The prevalence of IPF is increasing and appears to be quite homogeneous worldwide. The highest
incidence is reported in North America and Europe (3-9 cases per 100,000 person-years), but it is still
not clear if this discrepancy is due to a real increase of disease incidence or may be related to a better
diagnostic performance and/or adherence to international guidelines (7). Nevertheless, in the last
decade the incidence of hospital admissions and death rates related to IPF appeared to be increased
as well, suggesting a growing social burden and health impact of disease, maybe due to ageing of

Western population (7-9).



From a epidemiological point of view, many factors have been associated to the risk for developing
IPF: genetic features (including having close relatives affected by IPF) (10—12), demography (male
sex, age > 65 years) (13,14), environmental exposure (especially current or previous smoking (15,16),
but also viral colonization or infection (17) and air pollution (18)), and medical comorbidities

(diabetes mellitus, obstructive sleep apnea and gastroesophageal reflux disease) (19,20).

Pathogenesis

Thanks to the growing research interest on this field, the comprehension of IPF pathogenesis has been
steadily improving in the last decades: starting to be considered a chronic inflammatory disease,
subsequently leading to extensive tissue fibrosis (21), IPF is nowadays considered a multifactorial
disease, in which genetic, epigenetic, immunological and environmental factors actively contribute

to the development and influence the progression of disease (1,22) (Figure 2).

The most widely accepted pathogenetic model of IPF relies on chronic and recurrent micro-injuries
(viral infection, organic exposure, mechanic stress) to alveolar epithelium, progressively leading to
aberrant ageing and apoptosis processes and subsequent activation and overexpression of pro-fibrotic
and pro-coagulant cytokines and chemokines (23). Many biomolecular pathways, including
oxidative and endoplasmic reticulum stress, associated to mitochondrial alteration, contribute to the
progressive exhaustion of alveolar epithelial cells, causing a impaired alveolar re-epithelialization
and a over-secretion of profibrotic mediators (24,25). These processes are also facilitated by genetic
susceptibility, that are estimated to contribute for up to a third of all cases: many genetic variants have
been linked to a higher risk to develop IPF and, interestingly, they are involved in different biological
pathways, underlining the complexity of this disease. Among these, the most common genetic
alterations are involved in the production and quality of surfactant (SFTPA2, SFTPC) (26,27),
telomere maintenance (TERT and TERC) (28) and regulation of immunological host defence
processes (MUCS5B and TOLLIP) (12,29,30). In clinical terms, the effective contribution of these

genetic variants in the development and progression of IPF is still not fully elucidated, considering
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Figure 2. Pathobiological pathways of IPF. Adapted from Lederer and Martinez (31)

also that the most common genetic alteration in IPF patients (MUCS5B gain of function) has been also

reported to a better survival outcome (12).

The imbalance between profibrotic and antifibrotic factors promotes a dysregulated recruitment of
fibroblasts and myofibroblast in the alveolar space, involving not only the resident mesenchymal cells

but also blood fibrocytes (32,33). Moreover, epithelial and endothelial-mesenchymal transition
11



processes have been demonstrated to further foster the myofibroblast proliferation in the airway and
their persistent activation (34). These myofibroblasts sustain the maladaptive process repairs of
alveolar epithelium injuries through a over-production of extracellular matrix, that induces a
progressive architectural distortion leading to the impairment of alveolar-capillary membrane.
Moreover, extracellular matrix produced by over-activated myofibroblast is characterized by a altered
cellular composition and stiffness, that, triggering a positive vicious circle, further stimulates the
activation and secretion activity of myofibroblasts through a dysregulated integrins signaling
interaction (35,36). In parallel with these pathways, alveolar epithelial cells are progressively replaced
by bronchiolar-like epithelium (the so-called “bronchiolisation of alveolar spaces”): this process is
driven by a dysregulated and excessive apoptosis of alveolar pneumocytes, that induces, as repair
mechanism, an aberrant activation of respiratory stem cells (“basal cells”), physiologically resident
in the bronchioles (37,38). The lung remodeling induced by bronchiolisation contributes as well to
the progression of disease, as bronchiolar cells may release pro-fibrotic cytokines and chemokines
(such as TGF-PB) and also be involved in epithelial-mesenchymal transition, giving a significant

contribution to fibrogenesis of lung tissue.

PF-ILD: similarities and differences

A chronic and irreversible disease progression, even if with a substantial heterogeneity, is a hallmark
of IPF. The retrospective evaluation of clinical data and respiratory functional parameters may be
useful for the diagnosis of IPF, since the invariably progressive course of disease can be considered
a defining characteristic of this disease. However, albeit in a smaller percentage of patients than IPF,
many other diffuse ILDs have been associated with a clinical behavior and mortality similar to IPF,
characterized also by a lack of response to conventional treatment, such as oral steroids and/or
immunosuppressant. The evidence of this subset of patients across different [LDs led the way to the

definition of “progressive fibrosing-ILD”, among which the most common are idiopathic nonspecific

12



interstitial pneumonia, unclassifiable idiopathic interstitial pneumonia, CTD-ILDs, fibrotic
sarcoidosis, fibrotic hypersensitivity pneumonitis (HP) and ILD associated to occupational exposures

(e.g. asbestosis) (6,39) (Figure 3).

Sarcoid

CTD-ILD

Figure 3. Overlap between IPF and non-IPF ILDs with a progressive clinical course (from Wells et

al. (39))

To date, there is still no consensus in the definition of PF-ILD in terms of clinical data: the most
recent RCTs investigating the efficacy of antifibrotic treatment on this field defined a progressive
disease through a reduction > 10% of FVC in the previous 24 months and/or an increase of fibrotic
areas evident on a CT scan and/or a significant worsening of clinical status reported by the patients

(40,41). This approach is supported by the evidence that short term disease progression, identified
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through the analysis of lung function test trends or serial CT scans (42—45), was a good predictor of
worse outcome in many non-IPF diffuse ILDs, including NSIP, fHP and CTD-ILD: in all these
studies, a disease progression was invariably associated to a higher mortality rate, supporting the
clinical indication to follow-up these patients in order to early detect a progressive phenotype in these
populations. Other malignant prognostic determinants for IPF as well for PF-ILD include: a UIP
pattern on histologic sampling and/or chest HRCT (46-48), a decline in 6-minute walking test
distance (49,50), a clinically significant worsening of patient reported outcome through specific
questionnaires (51,52) and serum biomarkers, such as Krebs von den Lungen-6 (KL-6) and surfactant

protein A and D (SF-A and SF-D) (53,54).

In terms of biomolecular aspects, many reports described pathogenetic mechanisms common to IPF
and other PF-ILDs, that may explain the similar clinical course between the two subgroups. In
particular, it may be assumed that, regardless the causing agent of alveolar injury (autoimmune
inflammation, inhalation of organic particles or viral infection), the following phases of lung
fibrogenesis and dysregulated repair mechanisms might represent the pathologic overexpression of
conserved biopathways, involving the aberrant activation of myofibroblasts and secretion of
profibrotic cytokines and growth factors. Many papers have explored and demonstrated shared
pathogenic mechanisms between IPF and non-IPF progressive ILDs, further supporting the
hypothesis that an inexorably progressive phenotype may be the expression of the same biomolecular
pathways. Progressive SSC-ILD showed very similar patterns of alveolar cell exhaustion and
senescence, immunological alterations and mitochondrial dysfunction if compared to IPF (55,56),
while shorter telomere lengths and impaired telomerase activity has been reported also in fHP as well
as other idiopathic fibrotic lung diseases (57). Interestingly, patients with lung fibrosis associated to
rheumatoid arthritis (RA) showed the same genetic and epigenetic alterations of IPF patients,

suggesting a common risk profile between the two diseases in terms of genetic susceptibility (58).

14



However, although these similarities offer intriguing insights in the pathogenesis of non-IPF ILDs,

the trigger mechanisms responsible for disease progression and its perpetuation remain unclear.

Clinical aspects and diagnostic pathway of IPF

From a clinical perspective, diagnosis of IPF is challenging. The most common symptoms associated
to IPF is exertional dyspnea, that may be associated or not to chronic dry cough. The onset of
symptoms is mainly insidious and is usually ascribed to other medical conditions, such as chronic
heart disease, chronic obstructive pulmonary disease, asthma and gastroesophageal reflux disease,
physical deconditioning, ageing or environmental exposure (cigarette smoking or atopy) (59).
Moreover, IPF is commonly associated to one or more comorbidities that may cause dyspnea or dry
cough, further complicating the early recognition of this disease. The physical examination may
represent a valid help for the clinical suspicion of interstitial lung disease: bibasal, velcro-like
inspiratory crackles are present in the majority of cases at thoracic auscultation, while digital
clubbing, despite a low sensitivity and specificity for IPF, may be useful to detect a latent respiratory

failure and lead to a prompt in-depth diagnostic evaluation (60).

Since IPF is a rare disease and the sensitivity of medical examination and first-line diagnostic exams
(e.g. chest X-ray) is poor, especially in the early stage of disease, it is unsurprising the estimation of
a mean diagnostic delay of at least two years associated to this disease. This assumption is not to be
underestimated, because an early diagnosis of IPF is crucial to optimize the clinical management of
these patients. Indeed, antifibrotic treatment appeared to be more effective in reducing disease
progression and to improve life expectancy in patients with more preserved lung function (61,62).
Moreover, in patients younger than 65 years old, a early diagnosis of IPF may help respiratory
physician to detect a incipient worsening of disease and promptly address the patient to a specific

evaluation for lung transplantation.

In 2018, American Thoracic Society/European Respiratory Society (ATS/ERS) guidelines for

diagnosis of IPF were published (1). This document was designed to replace the previous ATS/ERS
15



guidelines of 2011 and, beyond updating the radiological and histopathological criteria for the
diagnosis (Figure), it underlined the central role of the multidisciplinary discussion in the diagnostic

pathway of IPF.

The diagnostic criteria for IPF were the following:

- Exclusion of known causes of ILD, such as environmental exposure, CTD or other systemic
disease (e.g. sarcoidosis) and either:
* A Usual interstitial pneumonia (UIP) pattern at chest high resolution computed tomography
(HRCT)
* Specific combination of HRCT and histopatological features (Figure) in case of lung tissue

sampling.

16



Recommended Scanning Protocol

1. Noncontrast examination

2. Volumetric acquisition with selection of:

* Sub-millimetric collimation

* Shortest rotation time

® Highest pitch

® Tube potential and tube current appmprsate to patient size:
© Typically 120 kVp and =240 mAs
° Lower tube potentials (e.g., 100 kVp) with adjustment of tube

cumrent encouraged for thin patients

* Use of techniques available to avoid unnecessary radiation

exposure (e.g., tube current modulation)

3. Reconstruction of thin-section CT images (=1.5 mm):
* Contiguous or overlapping
* Using a high-spatial-frequency algorithm
® |terative reconstruction algorithm if validated on the CT unit
(if not, filtered back projection)

4. Number of acquisitions:
® Supine: inspiratory (volumetric)
® Supine: expiratory (can be volumetric or sequential)
® Prone: only inspiratory scans (can be sequential or volumetric);
optional (see text)
 |nspiratory scans obtained at full inspiration

5. Recommended radiation dose for the inspiratory volumetric
acquisition:
® 1-3 mSy (i.e., "reduced" dose)
® Strong recommendation to avoid “ultralow-dose CT" (<1 mSv)

Figure 4. Chest HRCT scanning parameters for diagnosis of IPF. Adapted from Raghu et al. (1)
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Figure 5. HRCT images of a definite UIP pattern

UIP pattern

Probable UIP

Indeterminate

Alternative diagnosis

- Honeycombing

with or without
traction
bronchiectasis

- Predominant

and

subpleural

basal distribution

Predominant

subpleural and basal
distribution
Interstitial ~ reticular
pattern  with  or
without traction
bronchiectasis

Mild ground glass

opacities

Predominant

subpleural and basal

distribution
Subtle reticulation
and/or mild ground

glass opacities
CT features or

distribution not specific

for any disease

Findings
of

diagnosis

suggestive

alternative

Table 1. HRCT patterns of UIP
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UIP pattern
Fibrotic  architectural
distortion
(honeycombing and/ or
destructive scarring)
Subpleural and
heterogeneous
distribution of fibrosis
Evidence of fibroblast
foci
Absence of features

suggestive for

alternative diagnosis

Probable UIP
Similar to UIP but not
enough for “definite”
uIpP (extension,
distribution)

Absence of features
suggestive for
alternative diagnosis

Isolated honeycombing

Indeterminate
Fibrotic
architectural
distortion, with
features suggesting

other diagnosis than

UIP or systemic
disease associated
with UIP

Features suggestive
for alternative

diagnosis

Alternative diagnosis

- Features indicative

for other diagnosis

Table 2. Histopathology characteristics of different pattern of UIP.
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Histopathology pattern

Indeterminate for Alternative

HRCT

pattern '““‘:::_'L“I'F’."‘“ IPF (Likely)** r-mn IPF dx

Alternative IPF (Llhely)“

Figure 7. Combination of radiologic and histopathologic pattern for diagnosis of IPF. From Raghu

etal (1).

No specific recommendations were stated regarding the composition of the multidisciplinary group,
except for a reliable expertise in the management of ILD. Respiratory physicians are required to know
and evaluate any potential sign during the medical examination and in the medical history that may
be associated or causative of ILD. In particular, occupational and environmental exposure as well as
clinical symptoms or signs suggestive for a concomitant CTD need to be evaluated in-depth. In
addition, a complete serological testing for serum autoantibodies is strongly recommended in all
patients suspected to have IPF: this statement was made as ILD may sometimes anticipate CTD
symptoms or even represent the unique localization of disease (63,64). Moreover, many ILD patients
might have been treated with oral steroids or immunosuppressants by primary care physicians in the

early phase of diseases, inducing a remission of autoimmune clinical features.

Accordingly, the involvement of radiologists specifically experienced in thoracic imaging is essential
for a acceptable diagnostic performance of the multidisciplinary discussion: CTDs may be
asymptomatic at symptoms onset, while exposure-related ILD (e.g. chronic hypersensitivity
pneumonitis) may not be associated to a specific agent in a relevant percentage of cases. Therefore,

the detection and identification of specific radiological signs or features that may be associated to

20



systemic diseases is essential for a correct classification of CT patterns and to define the following

diagnostic pathway (Figure 8).

Patient suspected to have |PF ]

!

[ Potential cause/associated condition ]

"
No | Yes

(including HRCT)

|

[ Further evaluation

r
No
»—[ uip HChw HRCT pattern ]I-e l[ Specific diagnosis ]
1 |
probable UIP, Yes
indeterminate for UIP,
alternative diagnosis
[ MDD ]

Alternative
¥ . 1 diagnosis
Surgical lung
" BAL biopsy* J 3

MDD >

A r

IPF per Figure 8 | Not IPF I

Figure 8. Diagnostic algorithm for IPF. From Raghu et al. (1)
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Prognosis

The prognosis of IPF is poor: if not treated, life expectancy at diagnosis is estimated in a range from
3 to 5 years, that is significantly worse of many malignant disease (5). Moreover, clinical course of
IPF is unpredictable: the majority of patients experiences a slow and progressive worsening of
respiratory symptoms, associated to the consensual impairment of respiratory functional parameters,
eventually causing chronic respiratory failure and death. On the other hand, a more aggressive disease
progression may be observed in a percentage of patients, characterized by a inexorable and
irreversible clinical and respiratory functional deterioration, leading to exitus in few years. Moreover,
a minority of patients may experience a sudden and severe worsening of respiratory symptoms that
are typically associated to acute respiratory failure and bilateral ground-glass opacities or
parenchymal consolidation at CT scan, that are not explained by heart failure, pleural disease or
pulmonary embolism. These devastating events are defined as “acute exacerbation of disease” and

are associated with a mortality of > 90% within 6 months after discharge.(65) (Figure 9).

Lung microinjuries

T
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Figure 9. A proposed model to describe different clinical phenotypes of IPF. From King et al. (65)
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Acute exacerbations may occur in all diffuse ILDs, but are significantly more common in IPF
patients: although they may be triggered by specific events (such as an infection, drug toxicity or

aspiration), they remain idiopathic in the majority of cases(66).

So far, no specific therapeutic indication has been proposed for the management of acute exacerbation
of IPF, except the treatment of a known cause and respiratory support with high-flows oxygen therapy
and/or non-invasive mechanical ventilation (67). In suitable patients, extracorporeal membrane

oxygenation may represent an option as a bridge to lung transplantation therapy.

Concerning prognostic estimation, many clinical, demographic, radiological and immunological
features have been proposed for the risk stratification of IPF progression and early mortality. Male
sex, age > 70 years and smoking status are invariably reported as negative prognostic factor, as well

as a more severe impairment of lung volumes or gas exchange (68).

Both respiratory and non-respiratory comorbidities are associated with a significant impairment of
life expectancy and quality of life in these patients (69): moreover, IPF represents per se a risk factor
for lung cancer and pulmonary hypertension. Combined pulmonary fibrosis and emphysema (CPFE)
is a well-recognized disease entity, characterized by the evidence of fibrotic areas typical for UIP at
lower lobes associated to emphysematous alveolar destruction at upper lobes. CPFE is associated
with a more accelerated disease progression and a higher risk of mortality: paradoxically, patients
with CPFE may show only mild or normal lung volumes at spirometry, associated to a severe or very
severe impairment of pulmonary diffusion capacity (70). Concerning radiological features, a definite
UIP pattern at CT scan and the extension or macrocystic phenotype of honeycombing areas are

associated with a more aggressive disease progression (47).

Many biomarkers have been proposed to be used in routinary clinical practice for prognostic
estimation and evaluation of disease severity and, eventually, response to antifibrotic treatment.
Considering the complexity and multidimensionality of IPF pathogenesis, it is not surprising that

serum and BAL biomarkers proposed in the literature are quite numerous and may reflect different
23



biomolecular mechanisms involved in IPF pathobiology. However, to date, due to the heterogeneity
of study design and methodological issues, there is still no international consensus for the
implementation of any biomarker in the clinical management of ILD patients. Interestingly, many
molecules have demonstrated an interesting potential in predicting clinical outcome both in IPF and
non-IPF patients, suggesting the existence of shared pathogenic mechanisms (especially related to

epithelial dysfunction and ECM remodeling) among progressive fibrosing ILD (Table 3).

Notably, it is widely accepted that no biomarker has demonstrated so far a reliable accuracy in
discriminating IPF from non-IPF ILDs: consequently, the last ATS/ERS guidelines recommend

against the use of biomarker during the diagnostic pathway of IPF (1).
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Disease Pathogenic mechanism

Biomarkers

IPF » Epithelial cell dysfunction

*  ECM remodeling

* Immune dysregulation

PF-ILD » Epithelial cell dysfunction

*  ECM remodeling

* Immune dysregulation

KL-6 (53,71)

TERT; TERC (!2®
CA 19.9; CA 125 (72)
YKL-40(73)

SP-A; SP-D (74)
MUCS5b (12

TOLLIP 9

MMP-7 (74)

ICAM-1; VCAM-1 (75)
Integrins (35)

tenascin C (76)
MUC5b %

CCL-18 (77)

S100A family (78)
LOXL2 (79)

KL-6 (80,81)

SP-A; SP-D (82)

CA 19.9; CA 125 (83)
MMP-7; MMP-12 (84)
VCAMI (84)

CCL18 (85)

IL-6, IL-2 (86)
CXCL4, CXCL10, CX3CL1 (87)
Chitotriosidase (88)

Table 3. Principal proposed biomarkers for prognostic estimation of IPF and PF-ILD. CA: cancer
antigen; CCL: = C-C motif chemokine ligand; CXCL = C-X-C motif chemokine; CX3CL:

fractalkine; ICAM-1: intercellular adhesion molecule 1; IL: interleukin; LOXL2: lysyl oxidase-like

2; KL-6: Krebs Von den Lungen-6; MMP: matrix metalloproteinases; SP: surfactant protein;

S100A9: S-100 calcium binding protein; TERC: telomerase RNA component; TERT: Telomerase

reverse transcriptase; TOLLIP: Toll Interacting Protein; VCAMI: vascular cell adhesion molecule 1;

YKL-40: chitinase-3-like protein 1.
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Treatment

No pharmacological drugs have been specifically approved for IPF treatment until the start of
antifibrotic era, marked by the approval of pirfenidone for clinical use in 2008 in Japan. Although
antifibrotic treatment cannot arrest disease progression or least of all reverse fibrotic destruction of
lung parenchyma, it remains the only pharmacological approach currently approved for the treatment
of IPF. Another milestone for the therapeutic landscape of IPF was the publication of the PANTHER
trial in 2012 (89): the three-drugs regimen composed by prednisone, azathioprine and N-acetyl-
cysteine was associated with a significant increased rate of death and hospitalization against placebo,
leading to the premature stop of the trial after 32 weeks of treatment. This trial, in addition to the
growing evidence supporting the limited role of inflammation in the pathogenesis of IPF, marked the
end of the antinflammatory and immunosuppressant approach for IPF. Figure 10 showed the

recommendations reported in the last ATS/ERS clinical guidelines for the treatment of IPF.

Agent 2015 Guideline

New and revised recommendations
Anticoagulation (warfarin) Strong recommendation against use”
Combination prednisone + azathioprine +  Strong recommendation against use’
N-acetylcysteine

Selective endothelin receptor antagonist Strong recommendation against use’
(ambrisentan)

Imatinib, a tyrosine kinase inhibitor with Strong recommendation against use”
one target

Nintedanib, a tyrosine kinase inhibitor Conditional recommendation for use”
with multiple targets

Pirffenidone Conditional recommendation for use®

Dual endothelin receptor antagonists Conditional recommendation against use’
(macitentan, bosentan)

Phosphodiesterase-5 inhibitor (Sildenafil) Conditional recommendation against use*

Unchanged recommendations

Antiacid therapy Conditional recommendation for use®

N-acetylcysteine monotherapy Conditional recommendation against use'

Antipulmonary hypertension therapy for Reassessment of the previous
idiopathic pulmonary flbrosis-associated recommendation was deferred
pulmonary hypertension

Lung transplantation: single vs. bilateral Formulation of a recommendation for
lung transplantation single vs. bilateral lung transplantation

was deferred

Figure 10. 2015 ATS/ERS guidelines for treatment of IPF (adapted from Raghu et al. (90))
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PIRFENIDONE

Overview

Pirfenidone is a 5-methyl-1-phenyl-2-(1H)-pyridone and was originally conceived as a anti-pyretic
and analgesic drug (91). However, researches conducted by Iyer et al. focused on the potential anti-
inflammatory effects of this compound in a hamster model of bleomycin-induced lung damage: the
researchers observed that pirfenidone was able to arrest lung fibrosis development, showing an

important reduction of bleomycin-induced lung-toxicity (92,93).

These preliminary results led the way to the development of an orally available compound that was
eventually approved for the treatment of IPF patients in Japan in 2008, making pirfenidone the first
drug specifically indicated for this disease. Pirfenidone was approved for clinical use for IPF in
European Union in 2011 and in the US in 2014. Although pirfenidone can be considered the first drug
conceived as a antifibrotic, there are still many concerns regarding its mechanism of action and how
it can be effective in reducing disease progression in IPF patients. Since early 2000s, many researches
have been conducted to investigate this issue, revealing that pirfenidone effects are probably
multidimensional and may interfere with multiple pathogenic pathways recognized in IPF

pathogenesis (94).

First of all, pirfenidone have demonstrated anti-inflammatory properties through the inhibition of a
wide range of intra and extracellular pro-inflammatory cytokines. The most consistent evidences on
this field come from murine or mouse models: the administration of pirfenidone caused a significant
reduction of production of many pro-inflammatory mediators, including TNF-a, TGF-B, IFNy and
IL-6 (95), and, on the counter part, to enhance the release of anti-inflammatory cytokines, such as IL-
10 (96) . It also appeared to prevent or delay the onset of endotoxic shock and pulmonary
inflammation in mouse models after the injection of lipopolysaccharide (LPS) endotoxin (96,97).
Moreover, pirfenidone showed to inhibit the secretion of TGF- B, IL-1pB, IL-12 and monocyte

chemoattractant protein (MCP-1) in murine models of bleomycin-induced lung fibrosis,
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demonstrating a wider anti-inflammatory activity than prednisolone (98). In the same model, the
analysis of bronchoalveolar lavage fluid revealed that pirfenidone attenuated the alveolar recruitment
and activation of macrophages, lymphocytes and neutrophils, further underlining the potential of this
drug in reducing the inflammatory-mediated lung damage and, maybe, preventing lung fibrosis

development (99).

inflammation l . Pro-fibrotic cytokines
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Figure 11. Proposed mechanisms of action of pirfenidone, including antinflammatory, antifibrotic

and antioxidative properties of the drug. Adapted from Kurita et al. (100)

Focusing specifically on anti-fibrotic properties, pirfenidone can interfere with multiple pathways of
pulmonary fibrogenesis. The inhibition of TGF-B1, that plays a crucial role in the pathogenesis of
pulmonary fibrosis, is probably the most important activity of pirfenidone. Through the suppression
of this signaling pathway, pirfenidone led to a significant decrease of fibronectin, heat shock protein
and type I-1II collagen secretion, inhibiting also the proliferation of fibroblasts and preventing their

transformation in myofibroblasts (101-105). All these mechanisms caused a reduction in the
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deposition of extracellular matrix in the lungs, contributing to slow down the progression of disease.
Pirfenidone may also facilitate anti-oxidant pathways, through its activity of scavenger of reactive
oxygen species (106,107). Interestingly, the anti-fibrotic properties of pirfenidone appears to be not
limited to the lungs, since the drug have demonstrated a reliable efficacy in reducing fibrosis
progression also in other tissues, like retina, liver and kidney (108—110), or modulating fibrotic

remodeling of myocardium through the inhibition of angiotensin II pathway (111).

Effectiveness of pirfenidone in IPF: randomized clinical trials and real-world evidences

The first clinical evidence supporting the potential effectiveness of pirfenidone in IPF came from an
phase II open-label study, which showed for the first time a reduction of functional disease
progression through a pharmacological approach. Moreover, despite the limited sample size (54
patients, it was suggested that pirfenidone could also improve survival, since treated patients showed
a mortality of 22% at 1 year and of 37% at 2 years, that were apparently better than historical cohorts

of untreated patients (112).

In 2005, Azuma et al. published the first randomized clinical trial (RCTs) of pirfenidone in the
management of patients with IPF. Despite not reaching the primary outcome (change of nadir oxygen
saturation during 6-minute walking test, the Authors observed a significant deceleration of FVC
decline after nine months of treatment, associated to a decrease of acute exacerbation incidence.

These promising results led to the approval of pirfenidone for treatment of IPF in 2008 in Japan (113).

The effectiveness of this drug in [PF was further confirmed by international, multicenter and placebo-
controlled CAPACITY trial, which enclosed two parallel RCTs (004 and 006): the aims of
CAPACITY were to evaluate the efficacy of pirfenidone in reducing FVC decline (primary outcome)
and to identify the optimal therapeutic dose of the drug. To be included in the study, patients were
required to have a mild-to-moderate lung volumes impairment and a DLCO >35%. The pooled results
from CAPACITY 004 and 006 confirmed the efficacy of pirfenidone in reducing FVC progression

rate and clearly showed a dose-dependent effect of the drug, since the daily dosage of 2403 mg
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appeared to achieve the best benefits. However, CAPACITY 006 failed to reach the primary outcome,
since the placebo population showed an unexpected slow decline of FVC (9% vs 12.5% of
CAPACITY 004 placebo population) (Figure 12). Accordingly, pirfenidone showed to improve
progression-free survival (expressed in terms of time to decline of FVC > 10% or DLCO > 15%) and
mortality rate in CAPACITY 004 but not in 006; nevertheless, 6-minute walking test distance was

significantly improved only in 006 trial (114).
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Figure 12. Mean change of FVC from baseline. Adapted from Noble et al (114)

Despite partially controversial, the results of CAPACITY trials led to the approval of pirfenidone use
in IPF patients in European Union, that granted the license for the treatment in 2011, but not in the
United States, in which regulatory authorities required a further confirmatory trial to better explore
the clinical effectiveness of pirfenidone. The double-blind, placebo-controlled phase III RCT named
ASCEND was designed for this aim and enrolled patients with IPF with similar inclusion criteria with
respect to CAPACITY. The results showed a significant reduction of FVC rate of decline after 52
weeks of treatment with pirfenidone 2403 mg/die (primary outcome) and confirmed the improvement

in terms of progression-free survival reported by CAPACITY 004 (115). Overall, ASCEND findings
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led to the approval for clinical use of pirfenidone in US in 2014, that became the first anti-fibrotic

drug worldwide approved for the treatment of IPF (Figure 13).
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Figure 13. Effect of pirfenidone in change of FVC and progression-free survival. Adapted from King

etal. (115)

Notably, the pooled analysis of CAPACITY and ASCEND data showed a reliable reduction of the

proportion of patients with a >10% decline of FVC or death by 43.8% and increased the percentage

of patients with no decline by 59.3%. Despite being unpowered for mortality outcomes, pirfenidone
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treatment showed a clear trend in reducing mortality after 1 year of treatment, reporting a decrease of

48% of all-cause mortality and of 68% of IPF-related mortality (116).

The effectiveness of pirfenidone in the management of IPF has been repeatedly confirmed in large,
observational real-world studies, that also underlined the good safety and tolerability profile of the
drug (117-120). Pirfenidone showed to be effective also in IPF patients with more preserved or more
advanced stage of disease, identified by FVC impairment (61,121), and also demonstrated to reduce
the risk of acute exacerbation of disease in IPF with lung cancer patients undergoing surgical
pulmonary resection (122). Notably, data analysis from National Registries or from Referral Centers
demonstrated that pirfenidone maintained its efficacy in reducing the decline of FVC even after five
years of treatment, supporting the long-term use of this drug in the management of disease (123,124).
The results in terms of efficacy coming from European IPF Registry were substantially in line with
phase III trials, showing that pirfenidone was able to halve the FVC decline rate if compared with
placebo; interestingly, it appeared that some clinical and/or respiratory functional features (former
smokers, age > 60 years, FVC < 80% and rapid disease progression) were associated with a higher
benefit to be expected from pirfenidone treatment in terms of stabilization of disease (117). Moreover,
beyond the evidences on disease progression rate, many studies demonstrated that pirfenidone therapy

improves survival and progression-free survival in IPF patients (123—126).

Concerning safety and tolerability, no new safety alerts emerged and adverse events appeared to
predominantly occur within the first months of treatment and may be safely managed with supportive
therapies in the majority of cases (126—128). However, a significant percentage of patients is reported
to not tolerate the full dose of pirfenidone due to gastrointestinal intolerance, persistent weight loss
or photosensibility: in these cases, a lower dose of drug may be indicated, as a large retrospective
Korean study showed no significant differences in terms of disease progression between full and low-

dose of treatment (129).
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Pirfenidone in PF-ILD: work in progress

PF-ILD shared not only clinical and prognostic similarities with IPF but also common biomolecular
and immunological pathways, regardless the underlying disease or radiological and histopathologic
patterns. Since pirfenidone has been the first drug showing a reliable efficacy in changing the
progression of IPF, a similar therapeutic approach for PF-ILDs is surely reasonable. However, few
solid data is currently available on this field. To date, two phase II randomized clinical trials
investigated the potential effectiveness of pirfenidone in reducing FVC decline rate in patients with
unclassifiable ILDs and in PF-ILDs. In the first study, pirfenidone confirmed to reduce the functional
progression of disease in terms of FVC deterioration, both if performed with site or home spirometry:
as well as for IPF, pirfenidone decreased the likelihood to experience a FVC decline > 5 or > 10%,
but no differences were observed for different progression-free survival models (that included also
death incidence) and for acute exacerbation rate, due to the paucity of these events in the entire study
population (130). Regarding PF-ILDs, the RELIEF study was designed as a multicentre, double-blind
and placebo-controlled phase I RCT to investigate the efficacy of pirfenidone on four diseases: CTD-
ILDs, fibrotic hypersensitivity pneumonitis, asbestos-related ILD and fibrotic NSIP. To be eligible,
patients were required to have a FVC between 40-90%, DLCO 10-90% and a annual decline rate of
FVC > 5% in the previous 6-24 months: no radiological-documented progression of disease was
required. Unfortunately, the study was prematurely stopped for futility due to slow recruitment:
however, the analyses conducted on 127 enrolled patients showed that pirfenidone reached the
statistical significance in reducing FVC progression regardless the diagnostic subgroups; only one
death, and not related to respiratory causes, was observed in the pirfenidone arm, while five deaths
(including three due to respiratory events) were reported in the placebo subgroup. No new safety
alerts were found. Therefore, despite the premature termination of the study, pirfenidone appeared to
be effective in reducing disease progression also in PF-ILDs, even though these preliminary data

surely needs to be confirmed by larger phase III RCTs (41).
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NINTEDANIB

Overview

Nintedanib is a 6-methoxycarbonyl-substituted indolinone (chemical formula: methyl (372)-3-[[4-
[methyl-[2-  (4-methylpiperazin-1-yl)acetyl]amino]anilino]-10  phenylmethylidene]-2-oxo-1H-
indole-6-carboxylate; molecular formula C31H33N504) (Figure) . It is a multitarget tyrosine kinase
inhibitor as it can competitively inhibit non-receptor and receptor tyrosine kinases: among the non-
receptor tyrosine kinase, nintedanib targets are Lck, Lyn and Flt-3, belonging to the Src family,
determining a predominant anti-angiogenic effect (131,132). Regarding the receptor tyrosine kinases,
nintedanib acts as a competitive inhibitor of fibroblast growth factor receptor (FGF) 1, 2 and 3,
platelet-derived growth factor receptor (PDGF) a and B, and vascular endothelial growth factor
(VEGF) receptor 1, 2 and 3 (133). In terms of pharmacodynamics, nintedanib competitively binds to
the ATP binding pocket of FGF-r, PDGF-r and VEGF-r, blocking the autophosphorylation of these
receptors and eventually preventing the activation of downstream signaling cascades (134). The
antifibrotic activity of nintedanib is probably explained by its pleiotropic effects on the tyrosine
kinases families: in fact, both non-receptor and receptor tyrosine kinases play a crucial role in many
biological processes, as they are expressed by several cell subsets (including fibroblasts and
myofibroblasts) and exert a fundamental activity in the modulation of many biological processes,
including proliferation, migration, recruitment, activation and apoptosis (135). The consequence of
this wide inhibition exerted by nintedanib is a down-regulation of pro-fibrotic and pro-angiogenic
processes, leading to the reduction of resident fibroblasts and myofibroblasts in terms of numerosity
and activity, eventually causing a decrease of extracellular matrix secretion. These assumptions were
finely described by Wollin et colleagues in mouse models of lung fibrosis induced by bleomycin and
silica inhalation: nintedanib induced a substantial reduction of fibroblast recruitment and proliferation
and significantly inhibited fibroblast-to-myofibroblast transformation. In the same study, nintedanib

showed also a reliable anti-inflammatory activity, leading to a significant reduction of neutrophils
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and lymphocytes percentage on BALF associated to a decrease of IL-1, TIMP-1 and lung collagen
secretion. The evidence of antifibrotic and antinflammatory properties of nintedanib was further
strengthened by histological sampling of pulmonary tissue, showing an important reduction of lung
fibrosis extension and granuloma formation (134). These findings were confirmed by the research by
Hostettler et al, which investigated the biological effects of nintedanib in lung fibroblasts isolated
from IPF patients and subjects without pulmonary fibrosis. As expected, fibroblasts from IPF samples
showed a significantly increased expression of VEGFR, FGFR and PDGFR, resulting in a pro-
proliferative effect and a dysregulated secretion of pro-fibrotic and pro-angiogenic factors, such as
inhibitors of matrix metalloproteinases (TIMPs) and collagen. Nintedanib demonstrated a reliable
reduction of receptor tyrosine kinase activation, leading to a sort of restoration of pro-
fibrotic/antifibrotic factors balance. These anti-proliferative and anti-fibrotic effects eventually
caused a clear reduction of lung collagen production and deposition and stimulated the degradation

of excessive ECM (136).

Figure 14. Chemical structure of nintedanib (A) and its X-ray structure bound in the active site of the

VEGFR-2 crystal (B) (from Hilberg et al.) (131)

35



- )
=T A e 1.4 s o0
0 i) Uj . = ’ﬁr':
W Nintedanib
T ) e E .
" e
Alveolar space
N “"broblast

Macrophage d AEC

Interstitial space

Figure 15. Mechanism of action of nintedanib in lung tissue. Nintedanib is able to reduce
proliferation and activation of myofibroblasts as well as the fibroblast to myofibroblast
transformation, preventing the dyregulated production and deposition of fibrotic tissue in the alveolar
department. 1: cell membrane of fibroblasts and myofibroblasts; 2: receptor tyrosine kinase blocked
by nintedanib (PDGFR, VEGFR and FGFR); 3: binding site of receptor tyrosine kinases; 4:
downregulation of profibrotic and antiapoptotic downstream signalling cascades (figure from Varone

etal.) (137)

However, despite our knowledge of the mechanism of action of nintedanib in terms of
pharmacodynamics, the real impact of the drug on the complex pathophysiology of IPF and PF-ILD
is far to be completely elucidated. The antifibrotic effects of nintedanib are probably not only
mechanistically secondary to the inhibition of tyrosine kinases activation but may be related to a more
comprehensive modulation and re-adaptation of fibroblasts cellular activity (138). This assumption

is indirectly confirmed by the clinical evidence that more selective tyrosine kinase inhibitors (such as
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imatinib) showed no benefit in reducing disease progression and were not effective in inducing anti-

fibrotic and anti-proliferation changes in lung fibroblasts (139,140)

Effectiveness of nintedanib in IPF: randomized clinical trials and real-world evidences

Nintedanib was approved for clinical use in IPF in 2014 in the United States, in 2015 in the European
Union and is available in Italy since 2016. The first randomized clinical trial investigating the safety
and efficacy of nintedanib in the reduction of functional disease progression, expressed as FVC
decrease rate, was the phase 2 double-blind, dose finding, placebo-controlled TOMORROW trial
(ClinicalTrials.gov identifier: NCT00514683). This trial enrolled 432 patients affected by IPF with a
mild-to-moderate impairment of FVC and DLCO, showing a significant reduction of FVC decline
rate for 150 mg bid arm in respect with placebo after 52 weeks of treatment (60 vs 190 ml,
respectively) and, as secondary outcomes, a smaller incidence of acute exacerbation of disease (141).
These promising results were strengthened by the following phase 3 trials, INPULSIS-1 and -2
(NCTO01335464). In these two 52-weeks parallel, multicenter and placebo-controlled RCTs,
nintedanib 150 mg bid confirmed its efficacy in reducing FVC decline rate, while no solid data
emerged regarding the reduction of acute exacerbation rate and the improvement of quality of life.
However, the evidence that nintedanib was able to significantly slow functional disease progression

led to the approval of the drug for clinical use.
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(142)

without histologic confirmation) (62,143—146).
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Figure 16. Mean change of FVC from baseline in the INPULSIS trial. Adapted from Richeldi et al.

Post-hoc analyses of TOMORROW and INPULSIS trials demonstrated that nintedanib was equally
effective in reducing the rate of decline of FVC through all pre-specified subgroups of patients
enrolled in the studies: age > 70 aa, smoking status, patients with FVC > 90%, FVC <50%, combined

pulmonary fibrosis and emphysema (CPFE) and different CT patterns (definite UIP vs possible UIP

Moreover, the pooled analysis of these three trials not only confirmed the effectiveness of nintedanib

in reducing disease progression and the risk of acute exacerbation but also reported a significant



reduction of mortality rate, showing for the first time that nintedanib use may improve survival in IPF

patients (147).

Importantly, the results from the open-label extension trial of INPULSIS, named INPULSIS-ON
(NCT01619085), showed that nintedanib maintained its efficacy in reducing disease progression for
up to three years of treatment; notably, the subgroup of patients randomized in the placebo arm of
INPULSIS trials reported a substantially similarity in terms of response to the treatment, further

underlining the clinical effectiveness of nintedanib regardless the stage of disease (148).

Since the approval of nintedanib in clinical practice for treatment of IPF, many real-world studies
evaluated the effectiveness and safety of this drug on this setting. The effectiveness of nintedanib in
reducing the disease progression was widely reported and was substantially equivalent to data
available from RCTs. Nintedanib also confirmed a satisfying tolerability profile and no new safety
alerts emerged in the last five years: however, a little, but still significant percentage of patients (about
5-10% across longitudinal studies) experienced severe diarrhea and/or hepatotoxicity and was forced

to quit permanently the treatment (149—155)

Last but not least, the improvement of survival rate and progression-free survival was undoubtedly
confirmed by large, longitudinal real-life studies and was observed across different clinical (age, sex,
respiratory functional parameters) and/or diagnostic subgroups (confident or working diagnosis) of

patients affected with IPF (156,157).

Future is now: nintedanib in PF-ILD

To date, nintedanib is the only pharmacological drug approved for clinical use in patients affected
with PF- ILDs, as recently endorsed by an European consensus statement focused on the diagnosis
and management of SSC-ILD (158). In this statement, nintedanib is cited as a potential first-line

therapeutic option for the management of lung fibrosis associated with systemic sclerosis.
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The efficacy of an antifibrotic drug in the management of non-IPF ILD was first investigated in the
SENSCIS study, a phase 3, double-blind, placebo-controlled multicenter RCTs, designed to
investigate the potential effectiveness of nintedanib in slowing pulmonary disease progression in
SSC-ILD patients (159). To be eligible, ILD had to affect at least 10% of the lungs, through the
quantitative evaluation of chest HRCT scan by an experienced radiologists, and a mild-to moderate
impairment of FVC was required at the inclusion. Notably, low-dose steroid use and/or
immunosuppressant therapy (mycophenolate mofetil or methotrexate) was permitted as maintenance
therapy. SSC patients treated with nintedanib showed a significant reduction of rate of decline of
FVC after 52 weeks of treatment: the primary outcome was met across all the prespecified subgroups,
including different background therapy, baseline respiratory functional assessment, serum
autoantibody profile, Iung fibrosis extension or SSC subtype (limited vs diffuse cutaneous).
Interestingly, the lowest decline of FVC was observed in the subgroup of patients treated with
mycophenolate and nintedanib, suggesting a potential synergistic effect of these two drugs in this
setting: however, more evidences are needed to confirm this preliminary finding and, subsequently,
to investigate the potential benefits of a sequential approach vs an initial combination therapy (160).
Moreover, the SENSCIS trial included change in Rodnan skin score as a key secondary outcome, in
order to investigate the potential effectiveness of nintedanib in improving non-respiratory features of
SSC: unfortunately, results were quite disappointing, as no differences were observed between
nintedanib and placebo subgroups on this field. Finally, nintedanib was not associated with a
clinically significant improvement in respiratory quality of life expressed with St-George Respiratory
Questionnaire (SGRQ) score: this finding was quite un surprising, since no antifibrotic treatment has

never demonstrated strong evidence in improving quality of life in patients with ILD.

After SENSCIS, nintedanib proved its efficacy also in a cohort of various PF-ILDs in the INBUILD
trial (40). The INBUILD trial is a phase III, double-blind and placebo-controlled RCT, designed to

investigate the effectiveness of nintedanib in slowing lung fibrosis progression in patients with not-
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IPF ILDs, which have shown a functional or radiological deterioration in the 24 months prior to
screening. As well as SENSCIS, at baseline patients were required to have a mild to moderate
impairment of FVC, associated to fibrotic abnormalities affecting more than 10% of the lungs at chest
CT scan. The most common ILDs in the study were chronic hypersensitivity pneumonitis and CTD-

ILDs, contributing together to the 52% of the entire population enrolled.

Similar to INBUILD and SENSCIS studies, a significant reduction of FVC decline was observed in
the nintedanib subgroup in respect with placebo arm, regardless the radiological pattern (UIP or not-
UIP), age, sex, race and respiratory functional assessment at screening. Accordingly, the percentage
of patients experiencing a FVC decline lower than 5% or between 5 and 10% was significantly higher

in patients treated with nintedanib than the placebo subgroup.

Nintedanib, overall
o population
L 504 " YYTYTY— . TE=P-——=====-—==- ===
E Nintedanib, UIP-like {1 T —===—o__ "
@ . l fibrotic pattern
= _100d
§E @ ;
EDE 1 ¥ Placebo, a_veral!
Sc -150- I population
£ = |
o T
§ 200~ Placebo, UIP-like |
= fibrotic pattern 1
-250 T T T T T T )
0 2 4 6 12 24 36 52

Week

Figure 17. Nintedanib reduces FVC decline rate in PF-ILD patients. Adapted from Flaherty et al.

(40)

Concerning the different ILD included in the study, a post-hoc analysis confirmed that a significant
difference in annual FVC decline was observed in all diagnostic subgroups (173 patients with cHP:

73.1 ml/year; 170 patients with CTD-ILDs: 104 ml/year; 125 with idiopathic NSIP: 141.6 ml/year;
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118 unclassifiable idiopathic interstitial pneumonia: 68.3 ml/year; 118 other ILDs: 197.1 ml/year)

(161).

Despite the relatively short of observation time, another key secondary outcome of INBUILD trial
was the risk of acute exacerbation and/or death during treatment: patients treated with nintedanib
showed lower incidence in respect with placebo group, but without reaching statistical significance.
The subgroup that showed the greatest benefit in terms of acute exacerbation or death incidence was

composed by CTD-ILD patients.

Regarding the quality of life assessment, no differences were observed in change from baseline in K-
BILD score, while a nearly significant improvement in respect with placebo was observed in other
quality of life scale designed for patients with pulmonary fibrosis (Pulmonary Fibrosis Impact on
Quality of Life Scale summary score and Living with Pulmonary Fibrosis dyspnea, cough and total

score), suggesting a potential benefit for antifibrotic treatment also in this setting.
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AIMS

The principal aim of this research is to compare the clinical effectiveness of the only two
pharmacological drugs currently approved for the treatment of IPF in the real-life setting of Referral
Centre for ILDs. This study will provide interesting and innovative insights for the clinical
management of these patients, since it embraces almost ten years of use of antifibrotic treatment and
includes also a relevant number of patients affected by non-IPF PF-ILD and familial pulmonary
fibrosis. The sample size and the long time of observation allowed us to select mortality and

progression-free survival as main outcomes of the study.

MATHERIALS AND METHODS

Study population

All patients treated with pirfenidone or nintedanib at the Regional Referral Centre for ILD for Siena
form June 2011 to June 2020 were retrospectively enrolled in the study. Patients were selected from
medical records archived in our Centre and from electronical database of Italian Medicine Agency,
in which antifibrotic treatment was activated. We included in the study also patients treated with
pirfenidone or nintedanib through compassionate grounds. Diagnosis of IPF and PF-ILD was
performed according to international guidelines applicable at the start of treatment and underwent
specialistic evaluation and discussion by multidisciplinary group for ILDs of Siena (GIM). Familial
pulmonary fibrosis (FPF) was diagnosed when more than two cases of idiopathic interstitial
pneumonia (IPF or non-IPF) were identified in the same family. GIM included: respiratory
physicians, radiologists, pathologists and, whenever needed, rheumatologists, cardiologists or
occupational physicians. All the physicians involved in GIM meetings were experienced in the
diagnostic and clinical management of patients affected with ILDs. If clinical and/or radiological

features couldn’t allow a confident diagnosis and histologic sampling was contraindicated or not
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accepted by the patient, GIM provided a provisional diagnosis with high or low-confidence. In case
of a working high-confidence diagnosis of IPF, antifibrotic treatment was proposed to the patients: if
accepted, these subjects were included in the study as well. According to clinical questions and/or in
case of histological sampling by surgical biopsy or explantation for lung transplant, both confident or
provisional diagnoses were re-discussed in the multidisciplinary setting. In the database, we include
the definitive diagnosis or and the diagnostic hypothesis with the highest confidence level made
throughout the follow-up. From January 2020, nintedanib was available for the treatment of non-IPF

PF-ILD through compassionate grounds: these patients were included in the study as well.

Demographic and clinical data, respiratory functional assessment, radiological and histologic features
were retrospectively collected and entered in a electronical database for statistical analysis. All the
available pulmonary function tests (PFTs), including DLCO assessment, performed throughout the
follow-up were collected as well: if available, we included in the database also the PFTs of at least 1
year before starting antifibrotic treatment. To minimize the inter-observer and intra-observer
variability and guarantee the best technical reproducibility and repeatibility, we decided to include in

the database only the PFTs performed at Respiratory Diseases Unit of Siena.

Study patients were considered lost to follow-up in case of:

- Death
- Lung transplantation

- Interruption of the treatment due to any cause

Patients were excluded from the study in case of:

- Inability or refusal to provide informed consent to participate in clinical studies
- Less than one month of antifibrotic treatment

- Previous antifibrotic treatment at baseline
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The principal outcome of the study was the comparison of all-cause mortality and progression-free
survival between the pirfenidone and nintedanib treatment arms. Significant progression of disease
was expressed as time to decline of FVC > 10% and/or time to decline of DLCO > 15%, as previously
described (162). As secondary outcome, the comparison of effectiveness between the two drugs was
also performed according to the following pre-specified subgroups: diagnosis (IPF and PF-ILD) and

familial or sporadic ILD.

Lung function tests (PFTs)

The following lung function measurements were recorded according to ATS/ERS standards using a
Jaeger Body Plethysmograph with corrections for temperature and barometric pressure: forced
expiratory volume in the first second (FEV1), forced vital capacity (FVC), FEV1/FVC, total lung
capacity (TLC), diffusion lung capacity for carbon monoxide (DLCO) and capacity carbon monoxide
lung transfer factor/alveolar volume (DLCO/VA). All parameters were expressed as percentages of
predicted reference values. DLCO assessment was not performed in patients who were on oxygen

therapy.

Statistical analysis

Data was expressed as mean =+ standard deviation, unless otherwise specified. Parametric tests (T-test
and one-way ANOVA) were used to compare groups. Statistical analysis and graphs were performed
and plotted using GraphPad Prism version 5.0 software for Windows (GraphPad Software, La Jolla,
CA). Unadjusted survival and disease progression outcome estimates were obtained using Kaplan-
Meier curves. Time-to decline FVC or DLCO was estimated through interpolation analysis of serial
pulmonary function test performed during the follow-up. Time-to-event endpoints were compared

using a two-sided log-rank test. A p < 0.05 was considered significant.
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RESULTS

Study population

A total of 317 patients affected with ILD (238 males, 70.8 & 8.6 years old) and treated with antifibrotic
treatment was retrospectively recruited in the study: among these, 179 were treated with nintedanib
and 138 with pirfenidone. The study population was composed by 261 subjects with [PF and 56 PF-
ILD, including 17 fibrotic HP, 16 CTD-ILD (10 SSC-ILD, 5 RA-ILD and 1 Sjogren syndrome- ILD),
13 idiopathic NSIP, 6 undifferentiated ILD, 3 occupational exposure-related ILD (2 asbestosis and 1
silicosis) and 1 sarcoidosis. In the PF-ILD subgroup, 12/56 patients were treated with pirfenidone: in
all these cases, diagnosis of PF-ILD was made after histologic evaluation of surgical biopsy or lung
explantation (3 and 9 subjects, respectively). In the PF-ILD patients treated with nintedanib, a revision
of the initial provisional diagnosis of IPF was performed in 10/42 patients, while the remaining were

treated with nintedanib per compassionate grounds.

Overall, at baseline, IPF patients treated with nintedanib were significantly older than those treated
with pirfenidone (73.1 + 8.7 vs 68.1 + 7.7 years old, p < 0.0001) and showed FVC% and DLCO%
significantly more impaired (74.1 £ 20.2 vs 83 + 19.7, p=0.006 and 42.7 + 12.3 vs 50.1 = 15.2,
p=0.0012, respectively). No differences were observed between the two subgroups in terms of sex,
smoking status, radiological CT pattern and medical comorbidities, as well as time from symptomatic

onset and diagnosis of ILD.
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Parameters Pirfenidone Nintedanib

IPF

Ne 126 145

Age (yrs) 68.1 7.7 73.1£8.7 <0.0001
Male gender (%) 101 (80.1) 115 (79.3) 0.9856
Smoking status (p/y) 15.5+10.2 19.3+12.5 0.2458
- Current/former 87 (69) 100 (68.9) 0.8845
- Never 39 (30.9) 45 (31) 0.8845
Familial IPF (%) 20 (15.8) 15 (10.3) 0.2052
Time to diagnosis (mo) 25.8+32.1 22.9+339 0.5548
Previous use of OCS or AZA (%) 34 21 0.1156
Interruption of treatment 15 9 0.2257
AE: mild/moderate/severe/fatal ~ 70/22/15/0 95/25/9/0 0.1586
CT pattern

UIP (%) 99 102 0.5567
Probable/possible UIP (%) 22 30 0.5567
Indeterminate UIP (%) 5 13 0.5567
Emphysema (%) 22 25 0.8264
PFTs

FVC1 26+0.8(83+19.7) 23+0.7(74.1+£20.2) 0.0006
FEV1/FVC 81+7 81.1+7.8 0.8541
TLC 1 (%) 47+£12(794+16.1) 43+£1.1(722+17.5) 0.0021
DLCO mmol/min/kPA (%) 40£1.7(50.1+15.2) 3.2+1.1(42.7+£12.3) 0.0012
KCO mmol/min/kPA/ml (%) 1.1+£0.2(77.6+17.5) 09+0.2(68.2+22.2) 0.0009
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PF-ILD

N° 12 34

Age (yrs) 63.7+11.1 68 £9.8 0.3938
Male gender (%) 7 19 0.8541
Smoking status (p/y) 123+ 11.5 10.5+9.4 0.4589
Current/former 6 20 0.8998
Never 6 14 0.8998
Familial disease (%) 1 4 0.7894
Time to diagnosis (mo) 154+12.1 19.7+ 8.6 0.2579
Previous use of OCS/AZA (%) 7 27 0.2056
Interruption of treatment 2 6 0.4698
AE: mild/moderate/severe/fatal ~ 4/3/2/0 18/7/6/0 0.4698
CT pattern

UIP (%) 7 13 0.3756
Probable/possible UIP (%) 5 10 0.3756
Indeterminate UIP (%) 0 4 0.3756
Emphysema (%) 4 12 0.5897
PFTs

FVC1 (%) 2.6+0.7(80.9+23.1) 24+009(76.8+20.7) 0.2725
FEV1/FVC 80.7+ 8.6 80.6 £ 8.5 0.9156
TLC 1 (%) 54+1.7(884+£199) 49+1.284.8+15.1) 0.1459
DLCO mmol/min/kPA (%) 3.7£1.4479+13.1) 39+£19(50.6+12.2) 0.5119
KCO mmol/min/kPA/ml (%) 09+0.3(70.1£21.7) 1+ 03(754+224) 09119

Table 1. Demographic and clinical data, radiological features and lung function assessment of

pirfenidone and nintedanib subgroups. OCS: oral corticosteroids; AZA: azathioprine
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Outcome analysis

At 1% March of 2021 (908.1 + 534.2 days of observation), median of survival and time to decline of
FVC >10% o DLCO > 15% in the entire population was 1292 and 422.2 days, respectively. During
the follow-up, 73 patients died (23%, 40 nintedanib and 33 pirfenidone), 12 underwent lung
transplantation (3.7%, 2 nintedanib and 10 pirfenidone) and 24 interrupted antifibrotic treatment due
to severe or incoercible side effects (7.5%, 15 with pirfenidone and 9 with nintedanib). Fatal or near-

fatal adverse events were not observed.

Concerning survival, we didn’t observe significant differences in terms of mortality between the two

treatment groups in the IPF cohort (log rank test: 0.09015, p=0.7640, respectively) (Figure 18).
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Figure 18. Kaplan-Meier survival curves for comparison of mortality between pirfenidone and

nintedanib-treated subgroups.

Similarly, no significant differences were found regarding progression-free survival between patients

treated with nintedanib or pirfenidone (log rank test: 0.02366, p= 0.7614) (Figure 19).
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Figure 19. Kaplan-Meier curves for comparison of effectiveness in reducing functional disease

progression between pirfenidone and nintedanib. TTD: time to decline

Accordingly, FVC decline rate during the follow-up was similar between patients treated with
pirfenidone and nintedanib (p=0.6912 and p=0.6514 for absolute and percentage of predicted values,
respectively) (Figure 20); the evaluation of annual DLCO decline rate revealed that nintedanib
subgroup experienced a slower reduction in respect with pirfenidone subgroup after one year of
treatment (p=0.004): however, this discrepancy progressively reduced in the following steps and

became no more statistically significant from 24 months of treatment (Figure 20).
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Figure 20. Comparison of FVC and DLCO decline rate in absolute values between pirfenidone (green

line) and nintedanib (red line) subgroup. **: p=0.004

Pretreatment PFTs were available in 86 IPF patients (44 in the pirfenidone subgroup): in both
treatment subgroups, we observed a significant reduction of FVC deterioration rate (p=0.0153 and
p=0.0214 for pirfenidone and nintedanib, respectively), confirmed also by the comparison of annual
time to decline of FVC before and after antifibrotic therapy (p=0.0191 and p=0.0261 for pirfenidone
and nintedanib, respectively). Nintedanib showed also to significantly slow down DLCO decline rate
in respect with pretreatment epoch (p=0.0081 and p=0.0256, for delta DLCO values and time to
decline of DLCO > 15%, respectively); pirfenidone numerically reduced as well DLCO decline rate,

but without reaching statistical significance (p=0.0864 and p=0.0654, respectively) (Figure 21)
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Figure 21. Comparison between progression free-survival before and after treatment with pirfenidone

and nintedanib

Subgroup analysis: FPF

The study population included 35 patients affected with FPF (20 males, 68.5 + 7.9 years old): among
these, 26 patients showed a radiological pattern of typical or probable UIP and were diagnosed as
familial IPF, while the remnant showed a CT pattern of NSIP or indeterminate for UIP (6 and 3
patients, respectively). In comparison with sporadic IPF, FPF patients were significantly younger

(p=0.0026) and showed a higher percentage of females (p=0.0032).

Overall, FPF subgroup reported a worse survival than sporadic IPF, even if not reaching the statistical
significance (log rank test: 2.901, p=0.0885). Concerning functional disease progression, antifibrotic
treatment didn’t appear to influence FVC neither DLCO decline rate, that remained substantially
unchanged in respect with pretreatment period (p=0.2880 and p=0.6902, respectively); accordingly,
we didn’t observe any difference of time to decline of FVC and DLCO before and after treatment in
this subgroup. If compared with sporadic IPF population, FPF subgroup showed a significantly worse

progression-free survival (log rank test: 15.13, p=0.0013) (Figure 22)
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Figure 22. Kaplan-Meier curves for comparison of pre-treatment and post-treatemtn progression

free-survival in IPF and FPF subgroups.

After stratification of FPF subgroup according to specific antifibrotic treatment (20 with pirfenidone),
we didn’t observe any significant difference in terms of survival (log rank test: 0.08808, p=0.7877),
while pirfenidone appeared to be slightly more effective in preserving FVC or DLCO than nintedanib

(log rank test: 2.847, p=0.0490) (Figure 23).
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Figure 23. Kaplan Meier curves for comparison of mortality and functional disease progression in

FPF patients treated with pirfenidone or nintedanib

Subgroup analysis: PF-ILD

Regarding demographic features, PF-ILD were on average significantly younger (66.6 + 10.3 vs 74.3
+ 8.3, p < 0.0001) and the percentage of female patients was significantly higher than IPF cohort
(p=0.0032). On the other hand, FVC and DLCO were substantially similar between the two groups
at baseline (p=0.2744 and p=0.1807, respectively). As expected, only a minority (10/56 patients)

showed a radiological pattern of definite or probable UIP at CT scan.

At 1% March of 2021 (463.5 + 336.7 days of observation), median survival of PF-ILD patients was
1125 days. During the follow-up, 3/56 patients died (2 treated with nintedanib), 4 underwent lung
transplantation (all treated with pirfenidone) and 5 interrupted the therapy due to adverse events (4

with pirfenidone).

In comparison with IPF cohort, we didn’t observe any difference in overall survival (log rank test:
0.0697, p=0.7917); however, both pre-treatment and post-treatment time to decline of FVC or DLCO
in PF-ILD subgroups were higher than in IPF population (log-rank test: 9.110, p=0.0279). Even if
failing to reach statistical significance, antifibrotic treatment appeared to reduce decline rate of FVC,

but not of DLCO (p=0.0956 and 0.5564, respectively) (Figure 24).
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Figure 24. Kaplan-Meier curves for comparison of functional disease progression rate between IPF

and PF-ILD subgroups before and after antifibrotic treatment

No differences of mortality or functional disease progression rate were observed between the PF-ILD
subgroups treated with pirfenidone or nintedanib (log rank test: 0.9987, p=0.3187 and log-rank test:

0.3436, p=0.5577) (Figure 25).
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Figure 25. Kaplan Meier curves for comparison of mortality and functional disease progression in

PF-ILD patients treated with pirfenidone or nintedanib
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DISCUSSION

The aim of this research was to compare the only two pharmaceutical drugs currently approved for
IPF in a real-life setting of a long-experienced Referral Centre for ILD. IPF, plus the other fibrotic
ILD that may mimic its clinical course, represent an emerging health issue, standing the ageing and
the exposure to risk factors of overall population and the relevant morbidity, hospitalization rate and
mortality associated to these diseases. To date, lung transplantation is the only treatment able to
“cure” diffuse fibrosing ILDs, but, unfortunately, it is a suitable option only for a well-selected
minority of patients. Therefore, orally-available antifibrotic treatment plays a crucial role in the
management of these patients, thanks also to the good safety and tolerability profile of pirfenidone
and nintedanib (163). Although the effectiveness of these two drugs have been repeatedly
demonstrated in RCTs and large multicenter observation trials (114,115,147), no solid comparative

data are still available in literature.

In this study, we recruited all the ILD patients that have been treated with pirfenidone or nintedanib
since 2011: our main aim was to compare the clinical effectiveness and impact of mortality of these
two drugs in our quite large population and to evaluate potential differences related to specific
phenotypes of disease. Moreover, according to recent guidelines endorsing a “working diagnosis”
approach (1), we were able to detect a subgroup of patients with PF-ILD provisionally diagnosed
with IPF and treated with pirfenidone: this allowed us to directly compare for the first time clinical

outcomes in PF-ILD patients treated with pirfenidone or nintedanib.

Concerning mortality in IPF, our results showed that pirfenidone and nintedanib are substantially
equal in terms of effectiveness. Medians of survival were analogue between the two subgroups and
were significantly higher in comparison with data extracted from historical cohorts of patients in the
pre-antifibrotic era (164,165). These findings highlighted the potential of these drugs in improving

life expectancy in these patients, as already suggested by predictive models published in literature
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(125,157). Our findings are particularly intriguing since they confirmed the efficacy of antifibrotic

treatment in improving mortality in a real-life setting through almost ten years of observation.

In the same way, both pirfenidone and nintedanib confirmed their effectiveness in reducing functional
disease progression in IPF: our findings are in line with data coming from RCTs (115,142) and they
also suggest a sustained efficacy of both drugs in tapering FVC and DLCO decrease rate, since we
didn’t observe significant differences throughout the following years of treatment. Moreover, unlike
RCTs, we included in the study population patients with a severe impairment of lung volumes or
DLCO, supporting other previous reports that demonstrated an equal efficacy of antifibrotic treatment

in this subgroup (121,144).

Interestingly, the only significant difference we observed between pirfenidone and nintedanib
subgroup was in the comparison of DLCO decrease rate: nintedanib appeared to be more effective in
stabilizing this parameter, especially during the first year of treatment. These finding may suggest a
specific protective effect of nintedanib in preserving diffusion lung capacity, probably related to its
antiangiogenic properties that appeared to be not expressed by pirfenidone (131,166). This
assumption is also supported by the evidence that, in our population, nintedanib subgroup experienced
a significant reduction of DLCO deterioration rate in respect with pretreatment trend, while
pirfenidone failed, albeit slightly, to reach statistical significance on this field. However, baseline
lung function data, as well as demographic features, were not homogeneous between the two
treatment groups and, notably, this discrepancy tended to disappear or at least lost statistical
significance during the follow-up: therefore, this aspect is worthy to be further investigated with age-

and PFT-matched cohorts.

To our knowledge, this is the first study to compare the efficacy of different antifibrotic drugs in
patients affected by FPF. FPF is defined as an idiopathic interstitial pneumonia affecting at least two
members of the same family: unlike sporadic IPF, it may not seldomly occur in patients younger than

60 years old and often shows atypical radiological features at CT scan; moreover, in the same familial
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cluster very different radiological patterns and clinical course may be observed (167-169). To date,
few studies have investigated the effectiveness of antifibrotic treatment in these subjects, moreover
reporting conflicting results (170,171). In our study, despite a younger age and similar functional
parameters at baseline, FPF patients showed a reduced progression-free survival and a nearby
significantly higher mortality risk in respect with IPF cohort. Notably, we didn’t observe any
modification in FVC and DLCO decline rate before and after treatment, suggesting that the
effectiveness of antifibrotic therapy may be impaired in FPF subjects. Between the two drugs,
pirfenidone seemed to be more effective in preserving lung function (but not in improving survival)
than nintedanib: however, this comparison was limited by the small sample size (21 vs 14 patients)

and, therefore, need to be confirmed in a larger cohort of patients.

Regarding PF-ILD, as for FPF, this is the first study comparing the efficacy profile of pirfenidone
and nintedanib on this field. As expected, PF-ILD patients were significantly younger and showed a
higher female prevalence than IPF subjects, while pretreatment FVC and DLCO decline rate, albeit
clinically significant, was less pronounced. These findings are in line with literature data and mean
annual FVC decrease observed in our study was similar to that reported in INBUILD trial (40).
However, in contrast with INBUILD results, nor pirfenidone neither nintedanib appeared to reduce
significantly the functional disease progression rate in these patients. Our findings are probably
hindered by the small sample size and the limited time of observation: moreover, the entire
pirfenidone and part of nintedanib subgroups were composed by subjects with a provisional diagnosis
of IPF, that was later changed in view of a multidisciplinary re-evaluation due to explantation or
modification of clinical/radiological status: accordingly, basal CT scans was suggestive for a definite
or probable UIP pattern in all these patients. All these aspects may reasonably have influenced clinical
course of PF-ILD patients and, probably, also the response to antifibrotic treatment. Interestingly, we
didn’t observe any significant differences in terms of survival or functional disease progression

between nintedanib and pirfenidone subgroup: these findings are in line with the results reported in
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the INBUILD and RELIEF trials, in which nintedanib and pirfenidone indirectly showed a similar

efficacy in reducing FVC decline in absolute values (40,41).

CONCLUSION

In conclusion, our research study describes and comprehensively analyzes the almost decennial
experience of our Referral Centre with antifibrotic treatment in the management of IPF and, more
recently, of PF-ILD. Pirfenidone and nintedanib appear substantially equal in reducing functional
disease progression in IPF and confirm their potential in improving life expectancy in these patients,
while some concerns have raised for the management of FPF, in which antifibrotic treatment, and
nintedanib particularly, seems to be ineffective. Regarding PF-ILD, our real-life preliminary data are
surely promising and will probably contribute to “lead the way” to the antifibrotic treatment also in
this field. Waiting for the new oncoming antifibrotic drugs, pirfenidone and nintedanib remained the
milestones of pharmacological treatment of diffuse fibrosing ILDs and, therefore, our results provide

further and intriguing insights in terms of long-term efficacy and personalization of therapy.

59



ACKNOWLEDGEMENTS

It’s a genuine pleasure to express my deepest sense of gratitude to my mentor, Tutor and tireless guide

Prof. PhD Elena Bargagli, my “North Star” as a researcher and physician.

I owe a deep sense of gratitude to my Supervisor Prof. PhD Elisa Frullanti, for her keen interest on

every step of my Doctorate path and her kind helpfulness every time I needed an advice.

I feel absolutely blessed to have known and worked side by side with Dr BS Laura Bergantini and
Miriana d’Alessandro, two real “forces of nature” with which I have shared (many) joys and (few)

sorrows on our climb to publications.

Finally, I would like to thank with all my heart my family, the best family in the world, and Ilaria,

who brings the sunshine in my life every day.

60



BIBLIOGRAPHY

1.

10.

Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, et al. Diagnosis of
Idiopathic Pulmonary Fibrosis. An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline.
Am J Respir Crit Care Med. 2018 Sep 1;198(5):e44-68.

Crouser ED, Maier LA, Wilson KC, Bonham CA, Morgenthau AS, Patterson KC, et al. Diagnosis
and Detection of Sarcoidosis. An Official American Thoracic Society Clinical Practice Guideline.

Am J Respir Crit Care Med. 2020 Apr 15;201(8):e26-51.

Raghu G, Remy-Jardin M, Ryerson CJ, Myers JL, Kreuter M, Vasakova M, et al. Diagnosis of
Hypersensitivity Pneumonitis in Adults. An Official ATS/JRS/ALAT Clinical Practice
Guideline. Am J Respir Crit Care Med. 2020 Aug 1;202(3):e36-69.

Moor CC, Wijsenbeek MS, Balestro E, Biondini D, Bondue B, Cottin V, et al. Gaps in care of
patients living with pulmonary fibrosis: a joint patient and expert statement on the results of a

Europe-wide survey. ERJ Open Res. 2019 Oct;5(4):00124-2019.

Vancheri C, Failla M, Crimi N, Raghu G. Idiopathic pulmonary fibrosis: a disease with
similarities and links to cancer biology. Eur Respir J. 2010 Mar;35(3):496-504.

Cottin V, Hirani NA, Hotchkin DL, Nambiar AM, Ogura T, Otaola M, et al. Presentation,
diagnosis and clinical course of the spectrum of progressive-fibrosing interstitial lung diseases.

Eur Respir Rev Off J Eur Respir Soc. 2018 Dec 31;27(150):180076.

Hutchinson J, Fogarty A, Hubbard R, McKeever T. Global incidence and mortality of idiopathic
pulmonary fibrosis: a systematic review. Eur Respir J. 2015 Sep;46(3):795-806.

Hutchinson JP, McKeever TM, Fogarty AW, Navaratnam V, Hubbard RB. Increasing global
mortality from idiopathic pulmonary fibrosis in the twenty-first century. Ann Am Thorac Soc.

2014 Oct;11(8):1176-85.

Navaratnam V, Fogarty AW, Glendening R, McKeever T, Hubbard RB. The increasing
secondary care burden of idiopathic pulmonary fibrosis: hospital admission trends in England

from 1998 to 2010. Chest. 2013 Apr;143(4):1078—84.

Garcia-Sancho C, Buendia-Roldéan I, Fernandez-Plata MR, Navarro C, Pérez-Padilla R, Vargas
MH, et al. Familial pulmonary fibrosis is the strongest risk factor for idiopathic pulmonary

fibrosis. Respir Med. 2011 Dec;105(12):1902-7.
61



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Fingerlin TE, Murphy E, Zhang W, Peljto AL, Brown KK, Steele MP, et al. Genome-wide
association study identifies multiple susceptibility loci for pulmonary fibrosis. Nat Genet. 2013

Jun;45(6):613-20.

Peljto AL, Zhang Y, Fingerlin TE, Ma S-F, Garcia JGN, Richards TJ, et al. Association between
the MUCS5B promoter polymorphism and survival in patients with idiopathic pulmonary fibrosis.

JAMA. 2013 Jun 5;309(21):2232-9.

Raghu G, Weycker D, Edelsberg J, Bradford WZ, Oster G. Incidence and prevalence of idiopathic
pulmonary fibrosis. Am J Respir Crit Care Med. 2006 Oct 1;174(7):810-6.

Jo HE, Glaspole I, Grainge C, Goh N, Hopkins PMA, Moodley Y, et al. Baseline characteristics
of idiopathic pulmonary fibrosis: analysis from the Australian Idiopathic Pulmonary Fibrosis

Registry. Eur Respir J. 2017 Feb;49(2):1601592.

Baumgartner KB, Samet JM, Stidley CA, Colby TV, Waldron JA. Cigarette smoking: a risk factor
for idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. 1997 Jan;155(1):242-8.

Oh CK, Murray LA, Molfino NA. Smoking and idiopathic pulmonary fibrosis. Pulm Med.
2012;2012:808260.

Tang Y-W, Johnson JE, Browning PJ, Cruz-Gervis RA, Davis A, Graham BS, et al. Herpesvirus
DNA is consistently detected in lungs of patients with idiopathic pulmonary fibrosis. J Clin
Microbiol. 2003 Jun;41(6):2633—40.

Sack C, Vedal S, Sheppard L, Raghu G, Barr RG, Podolanczuk A, et al. Air pollution and
subclinical interstitial lung disease: the Multi-Ethnic Study of Atherosclerosis (MESA) air-lung
study. Eur Respir J. 2017 Dec;50(6):1700559.

Lee JS, Collard HR, Raghu G, Sweet MP, Hays SR, Campos GM, et al. Does chronic
microaspiration cause idiopathic pulmonary fibrosis? Am J Med. 2010 Apr;123(4):304—11.

Enomoto T, Usuki J, Azuma A, Nakagawa T, Kudoh S. Diabetes mellitus may increase risk for

idiopathic pulmonary fibrosis. Chest. 2003 Jun;123(6):2007—11.

Selman M, King TE, Pardo A, American Thoracic Society, European Respiratory Society,

American College of Chest Physicians. Idiopathic pulmonary fibrosis: prevailing and evolving

62



22.

23.

24.

25.

26.

27.

28.

29.

30.

hypotheses about its pathogenesis and implications for therapy. Ann Intern Med. 2001 Jan
16;134(2):136-51.

Richeldi L, Collard HR, Jones MG. Idiopathic pulmonary fibrosis. Lancet Lond Engl. 2017 May
13;389(10082):1941-52.

Selman M, Pardo A. Revealing the pathogenic and aging-related mechanisms of the enigmatic
idiopathic pulmonary fibrosis. an integral model. Am J Respir Crit Care Med. 2014 May
15;189(10):1161-72.

Cameli P, Carleo A, Bergantini L, Landi C, Prasse A, Bargagli E. Oxidant/Antioxidant
Disequilibrium in Idiopathic Pulmonary Fibrosis Pathogenesis. Inflammation. 2020 Feb;43(1):1-
7.

Matsuzawa Y, Kawashima T, Kuwabara R, Hayakawa S, Irie T, Yoshida T, et al. Change in
serum marker of oxidative stress in the progression of idiopathic pulmonary fibrosis. Pulm

Pharmacol Ther. 2015 Jun;32:1-6.

Selman M, Lin H-M, Montafio M, Jenkins AL, Estrada A, Lin Z, et al. Surfactant protein A and
B genetic variants predispose to idiopathic pulmonary fibrosis. Hum Genet. 2003

Nov;113(6):542-50.

Kropski JA, Blackwell TS, Loyd JE. The genetic basis of idiopathic pulmonary fibrosis. Eur
Respir J. 2015 Jun;45(6):1717-27.

Alder JK, Chen JJ-L, Lancaster L, Danoff S, Su S, Cogan JD, et al. Short telomeres are a risk
factor for idiopathic pulmonary fibrosis. Proc Natl Acad Sci U S A. 2008 Sep 2;105(35):13051—
6.

Hunninghake GM, Hatabu H, Okajima Y, Gao W, Dupuis J, Latourelle JC, et al. MUC5B
promoter polymorphism and interstitial lung abnormalities. N Engl J Med. 2013 Jun
6;368(23):2192-200.

Noth I, Zhang Y, Ma S-F, Flores C, Barber M, Huang Y, et al. Genetic variants associated with
idiopathic pulmonary fibrosis susceptibility and mortality: a genome-wide association study.

Lancet Respir Med. 2013 Jun;1(4):309-17.

63



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lederer DJ, Martinez FJ. Idiopathic Pulmonary Fibrosis. N Engl J Med. 2018 May
10;378(19):1811-23.

Hung C, Linn G, Chow Y-H, Kobayashi A, Mittelsteadt K, Altemeier WA, et al. Role of lung
pericytes and resident fibroblasts in the pathogenesis of pulmonary fibrosis. Am J Respir Crit

Care Med. 2013 Oct 1;188(7):820-30.

Rock JR, Barkauskas CE, Cronce MJ, Xue Y, Harris JR, Liang J, et al. Multiple stromal
populations contribute to pulmonary fibrosis without evidence for epithelial to mesenchymal

transition. Proc Natl Acad Sci U S A. 2011 Dec 27;108(52):E1475-1483.

Chapman HA. Epithelial-mesenchymal interactions in pulmonary fibrosis. Annu Rev Physiol.

2011;73:413-35.

Chen H, QuJ, Huang X, Kurundkar A, Zhu L, Yang N, et al. Mechanosensing by the a6-integrin
confers an invasive fibroblast phenotype and mediates lung fibrosis. Nat Commun. 2016 Aug

18;7:12564.

Booth AJ, Hadley R, Cornett AM, Dreffs AA, Matthes SA, Tsui JL, et al. Acellular normal and
fibrotic human lung matrices as a culture system for in vitro investigation. Am J Respir Crit Care

Med. 2012 Nov 1;186(9):866—76.

Chilosi M, Poletti V, Murer B, Lestani M, Cancellieri A, Montagna L, et al. Abnormal re-
epithelialization and lung remodeling in idiopathic pulmonary fibrosis: the role of deltaN-p63.

Lab Investig J Tech Methods Pathol. 2002 Oct;82(10):1335-45.

Boers JE, Ambergen AW, Thunnissen FB. Number and proliferation of basal and parabasal cells

in normal human airway epithelium. Am J Respir Crit Care Med. 1998 Jun;157(6 Pt 1):2000-6.

Wells AU, Brown KK, Flaherty KR, Kolb M, Thannickal VJ, IPF Consensus Working Group.
What’s in a name? That which we call IPF, by any other name would act the same. Eur Respir J.

2018 May;51(5):1800692.

Flaherty KR, Wells AU, Cottin V, Devaraj A, Walsh SLF, Inoue Y, et al. Nintedanib in
Progressive Fibrosing Interstitial Lung Diseases. N Engl J Med. 2019 Oct 31;381(18):1718-27.

Behr J, Prasse A, Kreuter M, Johow J, Rabe KF, Bonella F, et al. Pirfenidone in patients with
progressive fibrotic interstitial lung diseases other than idiopathic pulmonary fibrosis (RELIEF):

64



42.

43.

44,

45.

46.

47.

48.

49.

50.

a double-blind, randomised, placebo-controlled, phase 2b trial. Lancet Respir Med. 2021
May;9(5):476-86.

Jacob J, Bartholmai BJ, Rajagopalan S, Egashira R, Brun AL, Kokosi M, et al. Unclassifiable-
interstitial lung disease: Outcome prediction using CT and functional indices. Respir Med. 2017

Sep;130:43-51.

Jegal Y, Kim DS, Shim TS, Lim C-M, Do Lee S, Koh Y, et al. Physiology is a stronger predictor
of survival than pathology in fibrotic interstitial pneumonia. Am J Respir Crit Care Med. 2005
Mar 15;171(6):639-44.

Gimenez A, Storrer K, Kuranishi L, Soares MR, Ferreira RG, Pereira CAC. Change in FVC and
survival in chronic fibrotic hypersensitivity pneumonitis. Thorax. 2018 Apr;73(4):391-2.

Goh NS, Hoyles RK, Denton CP, Hansell DM, Renzoni EA, Maher TM, et al. Short-Term
Pulmonary Function Trends Are Predictive of Mortality in Interstitial Lung Disease Associated

With Systemic Sclerosis. Arthritis Rheumatol Hoboken NJ. 2017 Aug;69(8):1670-8.

Gaxiola M, Buendia-Roldan I, Mejia M, Carrillo G, Estrada A, Navarro MC, et al. Morphologic
diversity of chronic pigeon breeder’s disease: clinical features and survival. Respir Med. 2011

Apr;105(4):608-14.

Walsh SLF, Sverzellati N, Devaraj A, Wells AU, Hansell DM. Chronic hypersensitivity
pneumonitis: high resolution computed tomography patterns and pulmonary function indices as

prognostic determinants. Eur Radiol. 2012 Aug;22(8):1672-9.

Chan C, Ryerson CJ, Dunne JV, Wilcox PG. Demographic and clinical predictors of progression
and mortality in connective tissue disease-associated interstitial lung disease: a retrospective

cohort study. BMC Pulm Med. 2019 Oct 31;19(1):192.

Mura M, Porretta MA, Bargagli E, Sergiacomi G, Zompatori M, Sverzellati N, et al. Predicting
survival in newly diagnosed idiopathic pulmonary fibrosis: a 3-year prospective study. Eur Respir

J. 2012 Jul;40(1):101-9.

Dowman L, McDonald CF, Hill C, Lee A, Barker K, Boote C, et al. The benefits of exercise
training in interstitial lung disease: protocol for a multicentre randomised controlled trial. BMC

Pulm Med. 2013 Feb 1;13:8.

65



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Suzuki A, Kondoh Y, Swigris JJ, Ando M, Kimura T, Kataoka K, et al. Performance of the St
George’s Respiratory Questionnaire in patients with connective tissue disease-associated

interstitial lung disease. Respirol Carlton Vic. 2018 Mar 25;

Szentes BL, Kreuter M, Bahmer T, Birring SS, Claussen M, Waelscher J, et al. Quality of life
assessment in interstitial lung diseases:a comparison of the disease-specific K-BILD with the

generic EQ-5D-5L. Respir Res. 2018 May 25;19(1):101.

Jiang Y, Luo Q, Han Q, Huang J, Ou 'Y, Chen M, et al. Sequential changes of serum KL-6 predict
the progression of interstitial lung disease. J Thorac Dis. 2018 Aug;10(8):4705-14.

Utsunomiya A, Oyama N, Hasegawa M. Potential Biomarkers in Systemic Sclerosis: A Literature

Review and Update. J Clin Med. 2020 Oct 22;9(11):E3388.

Birch J, Barnes PJ, Passos JF. Mitochondria, telomeres and cell senescence: Implications for lung

ageing and disease. Pharmacol Ther. 2018 Mar;183:34-49.

Chilosi M, Doglioni C, Murer B, Poletti V. Epithelial stem cell exhaustion in the pathogenesis of
idiopathic pulmonary fibrosis. Sarcoidosis Vasc Diffuse Lung Dis Off ] WASOG. 2010
Jul;27(1):7-18.

Snetselaar R, van Batenburg AA, van Oosterhout MFM, Kazemier KM, Roothaan SM, Peeters
T, et al. Short telomere length in IPF lung associates with fibrotic lesions and predicts survival.

PloS One. 2017;12(12):e0189467.

Juge P-A, Borie R, Kannengiesser C, Gazal S, Revy P, Wemeau-Stervinou L, et al. Shared genetic
predisposition in rheumatoid arthritis-interstitial lung disease and familial pulmonary fibrosis.

Eur Respir J. 2017 May;49(5):1602314.

Hewson T, McKeever TM, Gibson JE, Navaratnam V, Hubbard RB, Hutchinson JP. Timing of
onset of symptoms in people with idiopathic pulmonary fibrosis. Thorax. 2017 Oct 11;thoraxjnl-
2017-210177.

King TE, Tooze JA, Schwarz MI, Brown KR, Cherniack RM. Predicting survival in idiopathic
pulmonary fibrosis: scoring system and survival model. Am J Respir Crit Care Med. 2001 Oct

1;164(7):1171-81.

66



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Albera C, Costabel U, Fagan EA, Glassberg MK, Gorina E, Lancaster L, et al. Efficacy of
pirfenidone in patients with idiopathic pulmonary fibrosis with more preserved lung function. Eur

Respir J. 2016 Sep;48(3):843-51.

Kolb M, Richeldi L, Behr J, Maher TM, Tang W, Stowasser S, et al. Nintedanib in patients with
idiopathic pulmonary fibrosis and preserved lung volume. Thorax. 2017 Apr;72(4):340-6.

Tzelepis GE, Toya SP, Moutsopoulos HM. Occult connective tissue diseases mimicking

idiopathic interstitial pneumonias. Eur Respir J. 2008 Jan;31(1):11-20.

Mittoo S, Gelber AC, Christopher-Stine L, Horton MR, Lechtzin N, Danoff SK. Ascertainment
of collagen vascular disease in patients presenting with interstitial lung disease. Respir Med. 2009

Aug;103(8):1152-8.

King TE, Pardo A, Selman M. Idiopathic pulmonary fibrosis. The Lancet. 2011 Dec
3;378(9807):1949-61.

Collard HR, Ryerson CJ, Corte TJ, Jenkins G, Kondoh Y, Lederer DJ, et al. Acute Exacerbation
of Idiopathic Pulmonary Fibrosis. An International Working Group Report. Am J Respir Crit
Care Med. 2016 Aug 1;194(3):265-75.

Kreuter M, Polke M, Walsh SLF, Krisam J, Collard HR, Chaudhuri N, et al. Acute exacerbation
of idiopathic pulmonary fibrosis: international survey and call for harmonisation. Eur Respir J.

2020 Apr;55(4):1901760.

Khor YH, Ng Y, Barnes H, Goh NSL, McDonald CF, Holland AE. Prognosis of idiopathic
pulmonary fibrosis without anti-fibrotic therapy: a systematic review. Eur Respir Rev Off J Eur

Respir Soc. 2020 Sep 30;29(157):190158.

Caminati A, Lonati C, Cassandro R, Elia D, Pelosi G, Torre O, et al. Comorbidities in idiopathic
pulmonary fibrosis: an underestimated issue. Eur Respir Rev Off J Eur Respir Soc. 2019 Sep
30;28(153):190044.

Cottin V, Nunes H, Brillet P-Y, Delaval P, Devouassoux G, Tillie-Leblond I, et al. Combined
pulmonary fibrosis and emphysema: a distinct underrecognised entity. Eur Respir J. 2005
Oct;26(4):586-93.

67



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Wakamatsu K, Nagata N, Kumazoe H, Oda K, Ishimoto H, Yoshimi M, et al. Prognostic value
of serial serum KL-6 measurements in patients with idiopathic pulmonary fibrosis. Respir

Investig. 2017 Jan;55(1):16-23.

Maher TM, Oballa E, Simpson JK, Porte J, Habgood A, Fahy WA, et al. An epithelial biomarker
signature for idiopathic pulmonary fibrosis: an analysis from the multicentre PROFILE cohort

study. Lancet Respir Med. 2017 Dec;5(12):946-55.

Korthagen NM, van Moorsel CHM, Barlo NP, Ruven HIT, Kruit A, Heron M, et al. Serum and
BALF YKL-40 levels are predictors of survival in idiopathic pulmonary fibrosis. Respir Med.
2011 Jan;105(1):106—13.

Song JW, Do KH, Jang SJ, Colby TV, Han S, Kim DS. Blood Biomarkers MMP-7 and SP-A:
Predictors of Outcome in Idiopathic Pulmonary Fibrosis. Chest. 2013 May 1;143(5):1422-9.

Richards TJ, Kaminski N, Baribaud F, Flavin S, Brodmerkel C, Horowitz D, et al. Peripheral
blood proteins predict mortality in idiopathic pulmonary fibrosis. Am J Respir Crit Care Med.
2012 Jan 1;185(1):67-76.

Estany S, Vicens-Zygmunt V, Llatjés R, Montes A, Penin R, Escobar I, et al. Lung fibrotic
tenascin-C upregulation is associated with other extracellular matrix proteins and induced by

TGFB1. BMC Pulm Med. 2014 Jul 26;14:120.

Prasse A, Probst C, Bargagli E, Zissel G, Toews GB, Flaherty KR, et al. Serum CC-chemokine
ligand 18 concentration predicts outcome in idiopathic pulmonary fibrosis. Am J Respir Crit Care

Med. 2009 Apr 15;179(8):717-23.

Hara A, Sakamoto N, Ishimatsu Y, Kakugawa T, Nakashima S, Hara S, et al. SI00A9 in BALF
is a candidate biomarker of idiopathic pulmonary fibrosis. Respir Med. 2012 Apr;106(4):571-80.

Chien JW, Richards TJ, Gibson KF, Zhang Y, Lindell KO, Shao L, et al. Serum lysyl oxidase-
like 2 levels and idiopathic pulmonary fibrosis disease progression. Eur Respir J. 2014
May;43(5):1430-8.

Janssen R, Sato H, Grutters JC, Bernard A, van Velzen-Blad H, du Bois RM, et al. Study of Clara
cell 16, KL-6, and surfactant protein-D in serum as disease markers in pulmonary sarcoidosis.

Chest. 2003 Dec;124(6):2119-25.

68



1.

82.

83.

&4.

85.

86.

87.

88.

89.

90.

Kohno N, Awaya Y, Oyama T, Yamakido M, Akiyama M, Inoue Y, et al. KL.-6, a mucin-like
glycoprotein, in bronchoalveolar lavage fluid from patients with interstitial lung disease. Am Rev

Respir Dis. 1993 Sep;148(3):637-42.

Bonella F, Costabel U. Biomarkers in connective tissue disease-associated interstitial lung

disease. Semin Respir Crit Care Med. 2014 Apr;35(2):181-200.

De Luca G, Bosello SL, Berardi G, Rucco M, Canestrari G, Correra M, et al. Tumour-associated
antigens in systemic sclerosis patients with interstitial lung disease: association with lung

involvement and cancer risk. Rheumatol Oxf Engl. 2015 Nov;54(11):1991-9.

Algalyoobi S, Adegunsoye A, Linderholm A, Hrusch C, Cutting C, Ma S-F, et al. Circulating
Plasma Biomarkers of Progressive Interstitial Lung Disease. Am J Respir Crit Care Med. 2020

Jan 15;201(2):250-3.

Hoffmann-Vold A-M, Tennge AH, Garen T, Midtvedt @, Abraityte A, Aalekken TM, et al. High
Level of Chemokine CCL18 Is Associated With Pulmonary Function Deterioration, Lung
Fibrosis Progression, and Reduced Survival in Systemic Sclerosis. Chest. 2016 Aug;150(2):299—
306.

De Lauretis A, Sestini P, Pantelidis P, Hoyles R, Hansell DM, Goh NSL, et al. Serum interleukin
6 is predictive of early functional decline and mortality in interstitial lung disease associated with

systemic sclerosis. J] Rheumatol. 2013 Apr;40(4):435-46.

Chen J, Doyle TJ, Liu Y, Aggarwal R, Wang X, Shi Y, et al. Biomarkers of rheumatoid arthritis-
associated interstitial lung disease. Arthritis Rheumatol Hoboken NJ. 2015 Jan;67(1):28-38.

Bennett D, Cameli P, Lanzarone N, Carobene L, Bianchi N, Fui A, et al. Chitotriosidase: a

biomarker of activity and severity in patients with sarcoidosis. Respir Res. 2020 Jan 6;21(1):6.

Idiopathic Pulmonary Fibrosis Clinical Research Network, Raghu G, Anstrom KJ, King TE,
Lasky JA, Martinez FJ. Prednisone, azathioprine, and N-acetylcysteine for pulmonary fibrosis. N
Engl J Med. 2012 May 24;366(21):1968-77.

Raghu G, Rochwerg B, Zhang Y, Garcia CAC, Azuma A, Behr J, 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 Jul
15;192(2):e3-19.

69



91.

92.

93.

94.

95.

96.

97.

98.

99.

US Patent for 5-Methyl-1-phenyl-2-(1H)-pyridone compositions and methods of use Patent
(Patent # 3,974,281 issued August 10, 1976) - Justia Patents Search [Internet]. [cited 2021 Jul
24]. Available from: https://patents.justia.com/patent/3974281

Iyer SN, Wild JS, Schiedt MJ, Hyde DM, Margolin SB, Giri SN. Dietary intake of pirfenidone
ameliorates bleomycin-induced lung fibrosis in hamsters. J Lab Clin Med. 1995 Jun;125(6):779—
85.

Iyer SN, Margolin SB, Hyde DM, Giri SN. Lung fibrosis is ameliorated by pirfenidone fed in diet
after the second dose in a three-dose bleomycin-hamster model. Exp Lung Res. 1998
Feb;24(1):119-32.

Maher TM, Wells AU, Laurent GJ. Idiopathic pulmonary fibrosis: multiple causes and multiple
mechanisms? Eur Respir J. 2007 Nov;30(5):835-9.

Nakazato H, Oku H, Yamane S, Tsuruta Y, Suzuki R. A novel anti-fibrotic agent pirfenidone
suppresses tumor necrosis factor-alpha at the translational level. Eur J Pharmacol. 2002 Jun

20;446(1-3):177-85.

Oku H, Nakazato H, Horikawa T, Tsuruta Y, Suzuki R. Pirfenidone suppresses tumor necrosis
factor-alpha, enhances interleukin-10 and protects mice from endotoxic shock. Eur J Pharmacol.

2002 Jun 20;446(1-3):167-76.

Spond J, Case N, Chapman RW, Crawley Y, Egan RW, Fine J, et al. Inhibition of experimental
acute pulmonary inflammation by pirfenidone. Pulm Pharmacol Ther. 2003;16(4):207—14.

Oku H, Shimizu T, Kawabata T, Nagira M, Hikita I, Ueyama A, et al. Antifibrotic action of
pirfenidone and prednisolone: different effects on pulmonary cytokines and growth factors in

bleomycin-induced murine pulmonary fibrosis. Eur J Pharmacol. 2008 Aug 20;590(1-3):400-8.

Iyer: Effects of pirfenidone on inflammatory and... - Google Scholar [Internet]. [cited 2021 Jul
24]. Available from:
https://scholar.google.com/scholar lookup?hl=en&volume=167&publication year=2003&page
s=621-

621 &author=+lyer+SNauthor=+Du+Xauthor=+Norris+Cauthor=+Margolin+SBauthor=+Giri+

SN.&title=Effects+of+pirfenidone+on+inflammatory+and+anti-

inflammatory+cytokines%2C+CD4+++++++++++++++++++++++++and+CD8+T-



cells+and+nitrictoxide+levels+intthetbronchoalveolar+lavage+fluid+++++++++++++++++

+++++++intbleomycin+mouse+model+of+pulmonary-+fibrosis

100. Kurita Y, Araya J, Minagawa S, Hara H, Ichikawa A, Saito N, et al. Pirfenidone inhibits
myofibroblast differentiation and lung fibrosis development during insufficient mitophagy.

Respir Res. 2017 Jun 2;18(1):114.

101. Conte E, Gili E, Fagone E, Fruciano M, lemmolo M, Vancheri C. Effect of pirfenidone on
proliferation, TGF-B-induced myofibroblast differentiation and fibrogenic activity of primary
human lung fibroblasts. Eur J Pharm Sci Off J Eur Fed Pharm Sci. 2014 Jul 16;58:13-9.

102. Femnandez IE, Eickelberg O. The impact of TGF-f on lung fibrosis: from targeting to
biomarkers. Proc Am Thorac Soc. 2012 Jul;9(3):111-6.

103. Kwong KYC, Literat A, Zhu NL, Huang HH, Li C, Jones CA, et al. Expression of
transforming growth factor beta (TGF-betal) in human epithelial alveolar cells: a pro-

inflammatory mediator independent pathway. Life Sci. 2004 Apr 30;74(24):2941-57.

104. Hisatomi K, Mukae H, Sakamoto N, Ishimatsu Y, Kakugawa T, Hara S, et al. Pirfenidone
inhibits TGF-B1-induced over-expression of collagen type I and heat shock protein 47 in A549
cells. BMC Pulm Med. 2012 Jun 13;12:24.

105. Togami K, Kanehira Y, Tada H. Possible involvement of pirfenidone metabolites in the
antifibrotic action of a therapy for idiopathic pulmonary fibrosis. Biol Pharm Bull

2013;36(10):1525-7.

106. Giri SN, Leonard S, Shi X, Margolin SB, Vallyathan V. Effects of pirfenidone on the
generation of reactive oxygen species in vitro. J Environ Pathol Toxicol Oncol Off Organ Int Soc

Environ Toxicol Cancer. 1999;18(3):169-77.

107. Misra HP, Rabideau C. Pirfenidone inhibits NADPH-dependent microsomal lipid
peroxidation and scavenges hydroxyl radicals. Mol Cell Biochem. 2000 Jan;204(1-2):119-26.

108. Garcia L, Hernandez I, Sandoval A, Salazar A, Garcia J, Vera J, et al. Pirfenidone effectively

reverses experimental liver fibrosis. J Hepatol. 2002 Dec;37(6):797-805.

71



109. Takakura K, Mizukami K, Mitori H, Noto T, Tomura Y. Antiproteinuric effect of pirfenidone

in a rat model of anti-glomerular basement membrane glomerulonephritis. Eur J Pharmacol. 2014

Aug 15;737:106-16.

110. WanglJ, Yang Y, Xu J, Lin X, Wu K, Yu M. Pirfenidone inhibits migration, differentiation,
and proliferation of human retinal pigment epithelial cells in vitro. Mol Vis. 2013;19:2626-35.

111.  Nguyen DT, Ding C, Wilson E, Marcus GM, Olgin JE. Pirfenidone mitigates left ventricular
fibrosis and dysfunction after myocardial infarction and reduces arrhythmias. Heart Rhythm.

2010 Oct;7(10):1438-45.

112.  Raghu G, Johnson WC, 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 Apr;159(4 Pt 1):1061-9.

113.  Azuma A, Nukiwa T, Tsuboi E, Suga M, Abe S, Nakata K, et al. Double-blind, placebo-
controlled trial of pirfenidone in patients with idiopathic pulmonary fibrosis. Am J Respir Crit

Care Med. 2005 May 1;171(9):1040-7.

114. Noble PW, Albera C, Bradford WZ, Costabel U, Glassberg MK, Kardatzke D, et al.
Pirfenidone in patients with idiopathic pulmonary fibrosis (CAPACITY): two randomised trials.
Lancet Lond Engl. 2011 May 21;377(9779):1760-9.

115. King TE, Bradford WZ, Castro-Bernardini S, Fagan EA, Glaspole I, Glassberg MK, et al. A
phase 3 trial of pirfenidone in patients with idiopathic pulmonary fibrosis. N Engl J] Med. 2014
May 29;370(22):2083-92.

116. Noble PW, Albera C, Bradford WZ, Costabel U, du Bois RM, Fagan EA, et al. Pirfenidone
for idiopathic pulmonary fibrosis: analysis of pooled data from three multinational phase 3 trials.

Eur Respir J. 2016 Jan;47(1):243-53.

117. Krauss E, Tello S, Wilhelm J, Schmidt J, Stoehr M, Seeger W, et al. Assessing the
Effectiveness of Pirfenidone in Idiopathic Pulmonary Fibrosis: Long-Term, Real-World Data

from European IPF Registry (eur[PFreg). J Clin Med. 2020 Nov 22;9(11):E3763.

118. Tzouvelekis A, Karampitsakos T, Ntolios P, Tzilas V, Bouros E, Markozannes E, et al.
Longitudinal ‘Real-World” Outcomes of Pirfenidone in Idiopathic Pulmonary Fibrosis in Greece.
Front Med. 2017;4:213.

72



119. Vancheri C, Sebastiani A, Tomassetti S, Pesci A, Rogliani P, Tavanti L, et al. Pirfenidone in
real life: A retrospective observational multicentre study in Italian patients with idiopathic

pulmonary fibrosis. Respir Med. 2019 Sep;156:78-84.

120. Oltmanns U, Kahn N, Palmowski K, Trager A, Wenz H, Heussel CP, et al. Pirfenidone in
idiopathic pulmonary fibrosis: real-life experience from a German tertiary referral center for

interstitial lung diseases. Respir Int Rev Thorac Dis. 2014;88(3):199-207.

121.  Costabel U, Albera C, Glassberg MK, Lancaster LH, Wuyts WA, Petzinger U, et al. Effect of
pirfenidone in patients with more advanced idiopathic pulmonary fibrosis. Respir Res. 2019 Mar
12;20(1):55.

122. Iwata T, Yoshino I, Yoshida S, Ikeda N, Tsuboi M, Asato Y, et al. A phase II trial evaluating
the efficacy and safety of perioperative pirfenidone for prevention of acute exacerbation of
idiopathic pulmonary fibrosis in lung cancer patients undergoing pulmonary resection: West

Japan Oncology Group 6711 L (PEOPLE Study). Respir Res. 2016 Jul 22;17(1):90.

123.  Vietri L, Cameli P, Perruzza M, Cekorja B, Bergantini L, d’ Alessandro M, et al. Pirfenidone
in idiopathic pulmonary fibrosis: real-life experience in the referral centre of Siena. Ther Adv

Respir Dis. 2020 Dec;14:1753466620906326.

124. Zurkova M, Kriegova E, Kolek V, Lostakova V, Sterclova M, Bartos V, et al. Effect of
pirfenidone on lung function decline and survival: 5-yr experience from a real-life IPF cohort

from the Czech EMPIRE registry. Respir Res. 2019 Jan 21;20(1):16.

125. Margaritopoulos GA, Trachalaki A, Wells AU, Vasarmidi E, Bibaki E, Papastratigakis G, et
al. Pirfenidone improves survival in IPF: results from a real-life study. BMC Pulm Med. 2018
Nov 23;18(1):177.

126. Costabel U, Albera C, Bradford WZ, Hormel P, King TE, Noble PW, et al. Analysis of lung
function and survival in RECAP: An open-label extension study of pirfenidone in patients with
idiopathic pulmonary fibrosis. Sarcoidosis Vasc Diffuse Lung Dis Off ] WASOG. 2014 Oct
20;31(3):198-205.

127. Valeyre D, Albera C, Bradford WZ, Costabel U, King TE, Leff JA, et al. Comprehensive
assessment of the long-term safety of pirfenidone in patients with idiopathic pulmonary fibrosis.

Respirol Carlton Vic. 2014 Jul;19(5):740-7.

73



128. Cottin V, Koschel D, Giinther A, Albera C, Azuma A, Skold CM, et al. Long-term safety of
pirfenidone: results of the prospective, observational PASSPORT study. ERJ Open Res. 2018
Oct;4(4):00084-2018.

129.  Song MJ, Moon SW, Choi JS, Lee SH, Lee SH, Chung KS, et al. Efficacy of low dose
pirfenidone in idiopathic pulmonary fibrosis: real world experience from a tertiary university

hospital. Sci Rep. 2020 Dec 4;10(1):21218.

130. Maher TM, Corte TJ, Fischer A, Kreuter M, Lederer DJ, Molina-Molina M, et al. Pirfenidone
in patients with unclassifiable progressive fibrosing interstitial lung disease: a double-blind,

randomised, placebo-controlled, phase 2 trial. Lancet Respir Med. 2020 Feb;8(2):147-57.

131. Hilberg F, Roth GJ, Krssak M, Kautschitsch S, Sommergruber W, Tontsch-Grunt U, et al.
BIBF 1120: triple angiokinase inhibitor with sustained receptor blockade and good antitumor

efficacy. Cancer Res. 2008 Jun 15;68(12):4774-82.

132.  Roth GJ, Heckel A, Colbatzky F, Handschuh S, Kley J, Lehmann-Lintz T, et al. Design,
synthesis, and evaluation of indolinones as triple angiokinase inhibitors and the discovery of a
highly specific 6-methoxycarbonyl-substituted indolinone (BIBF 1120). J] Med Chem. 2009 Jul
23;52(14):4466-80.

133.  Roth GJ, Binder R, Colbatzky F, Dallinger C, Schlenker-Herceg R, Hilberg F, et al.
Nintedanib: from discovery to the clinic. ] Med Chem. 2015 Feb 12;58(3):1053—63.

134.  Wollin L, Maillet I, Quesniaux V, Holweg A, Ryffel B. Antifibrotic and anti-inflammatory
activity of the tyrosine kinase inhibitor nintedanib in experimental models of lung fibrosis. J

Pharmacol Exp Ther. 2014 May;349(2):209-20.
135.  Schlessinger J. Cell signaling by receptor tyrosine kinases. Cell. 2000 Oct 13;103(2):211-25.

136. Hostettler KE, Zhong J, Papakonstantinou E, Karakiulakis G, Tamm M, Seidel P, et al. Anti-
fibrotic effects of nintedanib in lung fibroblasts derived from patients with idiopathic pulmonary

fibrosis. Respir Res. 2014 Dec 12;15:157.

137. Varone F, Sgalla G, Tovene B, Bruni T, Richeldi L. Nintedanib for the treatment of idiopathic
pulmonary fibrosis. Expert Opin Pharmacother. 2018 Feb;19(2):167-75.

74



138. Rangarajan S, Kurundkar A, Kurundkar D, Bernard K, Sanders YY, Ding Q, et al. Novel
Mechanisms for the Antifibrotic Action of Nintedanib. Am J Respir Cell Mol Biol. 2016
Jan;54(1):51-9.

139. Daniels CE, Lasky JA, Limper AH, Mieras K, Gabor E, Schroeder DR, et al. Imatinib
treatment for idiopathic pulmonary fibrosis: Randomized placebo-controlled trial results. Am J

Respir Crit Care Med. 2010 Mar 15;181(6):604—10.

140. Vittal R, Zhang H, Han MK, Moore BB, Horowitz JC, Thannickal VJ. Effects of the protein
kinase inhibitor, imatinib mesylate, on epithelial/mesenchymal phenotypes: implications for

treatment of fibrotic diseases. J Pharmacol Exp Ther. 2007 Apr;321(1):35-44.

141. Richeldi L, Costabel U, Selman M, Kim DS, Hansell DM, Nicholson AG, et al. Efficacy of a
tyrosine kinase inhibitor in idiopathic pulmonary fibrosis. N Engl J Med. 2011 Sep
22;365(12):1079-87.

142. Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK, Costabel U, et al. Efficacy and
safety of nintedanib in idiopathic pulmonary fibrosis. N Engl ] Med. 2014 May 29;370(22):2071—
82.

143. Costabel U, Inoue Y, Richeldi L, Collard HR, Tschoepe I, Stowasser S, et al. Efficacy of
Nintedanib in Idiopathic Pulmonary Fibrosis across Prespecified Subgroups in INPULSIS. Am J
Respir Crit Care Med. 2016 Jan 15;193(2):178-85.

144.  Wuyts WA, Kolb M, Stowasser S, Stansen W, Huggins JT, Raghu G. First Data on Efficacy
and Safety of Nintedanib in Patients with Idiopathic Pulmonary Fibrosis and Forced Vital
Capacity of <50 % of Predicted Value. Lung. 2016 Oct;194(5):739-43.

145. Pfeifer M, Cottin V, Taniguchi H, Richeldi L, Collard HR, Kaye M, et al. Effect of baseline
emphysema on reduction in FVC decline with nintedanib in the INPULSIS™ trials.
Pneumologie. 2015 Mar;69(S 01):P254.

146. Raghu G, Wells AU, Nicholson AG, Richeldi L, Flaherty KR, Le Maulf F, et al. Effect of
Nintedanib in Subgroups of Idiopathic Pulmonary Fibrosis by Diagnostic Criteria. Am J Respir
Crit Care Med. 2017 Jan 1;195(1):78-85.

75



147. Richeldi L, Cottin V, du Bois RM, Selman M, Kimura T, Bailes Z, et al. Nintedanib in patients
with idiopathic pulmonary fibrosis: Combined evidence from the TOMORROW and
INPULSIS(®) trials. Respir Med. 2016 Apr;113:74-9.

148. Crestani B, Quaresma M, Kaye M, Stansen W, Stowasser S, Kreuter M. Long-term treatment
with nintedanib in patients with IPF: An update from INPULSIS®-ON. Eur Respir J [Internet].
2016 Sep 1 [cited 2021 Jul 21];48(suppl 60). Available from:
https://erj.ersjournals.com/content/48/suppl 60/0A4960

149. Dobashi M, Tanaka H, Taima K, Itoga M, Ishioka Y, Shiratori T, et al. The efficacy of
nintedanib in 158 patients with idiopathic pulmonary fibrosis in real-world settings: A multicenter

retrospective study. SAGE Open Med. 2021;9:20503121211023356.

150. Rahaghi F, Belperio JA, Fitzgerald J, Gulati M, Hallowell R, Highland KB, et al. Delphi
Consensus Recommendations on Management of Dosing, Adverse Events, and Comorbidities in
the Treatment of Idiopathic Pulmonary Fibrosis with Nintedanib. Clin Med Insights Circ Respir
Pulm Med. 2021;15:11795484211006050.

151. Kato M, Sasaki S, Tateyama M, Arai Y, Motomura H, Sumiyoshi I, et al. Clinical Significance
of Continuable Treatment with Nintedanib Over 12 Months for Idiopathic Pulmonary Fibrosis in
a Real-World Setting. Drug Des Devel Ther. 2021;15:223-30.

152.  Antoniou K, Markopoulou K, Tzouvelekis A, Trachalaki A, Vasarmidi E, Organtzis J, et al.
Efficacy and safety of nintedanib in a Greek multicentre idiopathic pulmonary fibrosis registry:

a retrospective, observational, cohort study. ERJ Open Res. 2020 Jan;6(1):00172-2019.

153. Brunnemer E, Wilscher J, Tenenbaum S, Hausmanns J, Schulze K, Seiter M, et al. Real-
World Experience with Nintedanib in Patients with Idiopathic Pulmonary Fibrosis. Respir Int
Rev Thorac Dis. 2018;95(5):301-9.

154. Tzouvelekis A, Karampitsakos T, Kontou M, Granitsas A, Malliou I, Anagnostopoulos A, et
al. Safety and efficacy of nintedanib in idiopathic pulmonary fibrosis: A real-life observational

study in Greece. Pulm Pharmacol Ther. 2018 Apr;49:61-6.

155. 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 Sep 2;5(9):E78.

76



156. Sgalla G, Lo Greco E, Calvello M, Varone F, Tovene B, Cerri S, et al. Disease progression
across the spectrum of idiopathic pulmonary fibrosis: A multicentre study. Respirol Carlton Vic.

2020 Nov;25(11):1144-51.

157. Lancaster L, Crestani B, Hernandez P, Inoue Y, Wachtlin D, Loaiza L, et al. Safety and
survival data in patients with idiopathic pulmonary fibrosis treated with nintedanib: pooled data

from six clinical trials. BMJ Open Respir Res. 2019;6(1):e000397.

158. Hoffmann-Vold A-M, Maher TM, Philpot EE, Ashrafzadeh A, Barake R, Barsotti S, et al.
The identification and management of interstitial lung disease in systemic sclerosis: evidence-

based European consensus statements. Lancet Rheumatol. 2020 Feb 1;2(2):e71-83.

159. Distler O, Highland KB, Gahlemann M, Azuma A, Fischer A, Mayes MD, et al. Nintedanib
for Systemic Sclerosis-Associated Interstitial Lung Disease. N Engl J Med. 2019 Jun
27;380(26):2518-28.

160. Highland KB, Distler O, Kuwana M, Allanore Y, Assassi S, Azuma A, 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
Jan;9(1):96-106.

161. Wells AU, Flaherty KR, Brown KK, Inoue Y, Devaraj A, Richeldi L, 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 May;8(5):453—60.

162. Flaherty KR, Brown KK, Wells AU, Clerisme-Beaty E, Collard HR, Cottin V, et al. Design
of the PF-ILD trial: a double-blind, randomised, placebo-controlled phase III trial of nintedanib
in patients with progressive fibrosing interstitial lung disease. BMJ Open Respir Res.

2017;4(1):e000212.

163.  Wright WA, Crowley LE, Parekh D, Crawshaw A, Dosanjh DP, Nightingale P, et al. Real-
world retrospective observational study exploring the effectiveness and safety of antifibrotics in

idiopathic pulmonary fibrosis. BMJ Open Respir Res. 2021 Mar;8(1):e000782.

77



164. Fisher M, Nathan SD, Hill C, Marshall J, Dejonckheere F, Thuresson P-O, et al. Predicting
Life Expectancy for Pirfenidone in Idiopathic Pulmonary Fibrosis. ] Manag Care Spec Pharm.
2017 Mar;23(3-b Suppl):S17-24.

165. Costabel U, Albera C, Lancaster LH, Lin C-Y, Hormel P, Hulter HN, et al. An Open-Label
Study of the Long-Term Safety of Pirfenidone in Patients with Idiopathic Pulmonary Fibrosis
(RECAP). Respir Int Rev Thorac Dis. 2017;94(5):408—15.

166. Reck M. Nintedanib: examining the development and mechanism of action of a novel triple

angiokinase inhibitor. Expert Rev Anticancer Ther. 2015 May;15(5):579-94.

167. Hunninghake GM, Quesada-Arias LD, Carmichael NE, Martinez Manzano JM, Poli De Frias
S, Baumgartner MA, et al. Interstitial Lung Disease in Relatives of Patients with Pulmonary

Fibrosis. Am J Respir Crit Care Med. 2020 May 15;201(10):1240-8.

168. Steele MP, Speer MC, Loyd JE, Brown KK, Herron A, Slifer SH, et al. Clinical and pathologic
features of familial interstitial pneumonia. Am J Respir Crit Care Med. 2005 Nov 1;172(9):1146—
52.

169. Rosas 10, Ren P, Avila NA, Chow CK, Franks TJ, Travis WD, et al. Early interstitial lung
disease in familial pulmonary fibrosis. Am J Respir Crit Care Med. 2007 Oct 1;176(7):698-705.

170. Bennett D, Refini RM, Valentini ML, Fui A, Fossi A, Pieroni M, et al. Pirfenidone Therapy
for Familial Pulmonary Fibrosis: A Real-Life Study. Lung. 2019 Apr;197(2):147-53.

171. Koga Y, Hachisu Y, Tsurumaki H, Yatomi M, Kaira K, Ohta S, et al. Pirfenidone Improves
Familial Idiopathic Pulmonary Fibrosis without Affecting Serum Periostin Levels. Med Kaunas

Lith. 2019 May 17;55(5):E161.

78



		2021-10-07T21:28:29+0000
	CAMELI PAOLO




