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Idiopathic Pulmonary Fibrosis
Definition

Diffuse interstitial lung diseases (DPLDs) are a group of diseases that
predominantly affect the lung parenchyma and can lead to fibrosis. In 2013
interstitial lung disease were divided in three groups: major, rare and
unclassifiable. Further studies led to the new ATS classification published
on February 2022, where ILDs are distinguished in (1-2):

- Idiopathic pulmonary fibrosis (IPF);

- other idiopathic interstitial pneumonia (IIP): idiopathic nonspecific

interstitial pneumonia (iNSIP), cryptogenic organizing pneumonia (COP),
idiopathic pleuroparenchymal fibroelastosis (PPFE), idiopathic lymphoid
interstitial pneumonia (iLIP), idiopathic desquamative interstitial pneumonia
(iDIP), acute interstitial pneumonia (AIP);

- Autoimmune-ILDs: rheumatoid arthritis (RA), systemic sclerosis (SSc),

mixed connective tissue disease (MCTD), myositis, Sjogren, vasculitis,
systemic lupus erythematosus (SLE);

- exposure related ILDs: hypersensitivity pneumonitis (HP), asbestosis,

silicosis, drug related-ILDs, actinic pneumonitis, respiratory bronchiolitis
associated interstitial lung disease (RB-ILD);
- ILD with cysts and/or airspace filling: Langerhans cell histiocytosis (LCH),

lymphoproliferative ILD, pulmonary alveolar proteinosis (PAP),
lymphangioleiomyomatosis (LAM).

IPF is defined as a chronic and progressive idiopathic interstitial pneumonia
of unknown cause that occurs predominantly in adult males and is limited to
the lung. This disease is characterized by a progressive functional worsening
with the development of persistent cough. IPF accounts for approximately
25% of all ILDs and is differentiated by the presence of a radiological and
histological UIP (Usual Interstitial Pneumonia) pattern (3). In addition to the
presence of the characteristics described above, in order to be able to
diagnose IPF, it is necessary to exclude other forms of idiopathic lung

diseases and those with a known cause (secondary to connective tissue
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diseases, occupational exposure or drugs). The median survival from
diagnosis is about 3-5 years (4-6), but the natural history of the disease is
variable from patient to patient and for this reason the prognosis is relatively

unpredictable (7,8).

Epidemiology

The incidence of IPF in Europe and North America is estimated at between
2.8- 18 cases per 100,000 inhabitants per year; the prevalence is
approximately 42.7 per 100,000 inhabitants; data from the rest of the world
are less available, but the incidence seems lower in Asia and South America
where it is calculated at 0.5-4.2 cases per 100,000 inhabitants per year (4.,9).
In Europe alone, approximately 40,000 new cases of IPF are diagnosed each
year. In Italy the incidence is estimated at around 9.3 cases per 100,000 per
year and the prevalence at around 31.6/100,000 (10). The prevalence of IPF
increases with advancing age, with the highest incidence being after age 60.
Males are more affected than women (3). IPF has an average life expectancy
of 3-5 years after diagnosis if untreated. Some studies showed declining
overall mortality of IPF from 2004 to 2017, which may be related to
decreased prevalence of tobacco smoking and the introduction of antifibrotic

therapies.

Etiopathogenesis

The etiopathogenesis of IPF is not fully understood. Historically, IPF was
considered a chronic inflammatory disease with a gradual progression
leading to fibrosis. Through recent studies and since anti-inflammatory
therapy does not improve the outcome, this concept has been re-evaluated
(11). In healthy lungs, typel alveolar epithelial cells (AEC1) are the primary
mediators of gas exchange. Type2 alveolar epithelial cells (AEC2) produce
surfactant and serve as the primary progenitors for injured AECI cells.
Injury to the alveolus requires a healthy functioning population of
regenerative AEC2 cells. In IPF lungs, there are higher levels of apoptosis,
senescence, abnormal differentiation of AEC2 cells. A combination of

extrinsic and intrinsic factors, including aging, oxydative stress,



mitochondrial dysfunction and telomere shortening, leads to an inability of
the AEC2 cells to repair the injured epithelium (50). According to the most
accepted hypothesis, this lung disease is the result of repeated stimuli that
act at the level of type II alveolar epithelial cells (AEC2s). These persistent
pneumolesive stimuli would cause an aberrant communication between
epithelial cells and fibroblasts with deposition of extracellular matrix and
remodeling of the pulmonary interstitium; these cell accumulations are
called fibrobastic foci (aggregates of mesenchymal cells within a myxoid
appearing matrix) (12). A central role in the pathogenesis of the disease has
the chronic dysregulation of type II alveolar epithelial cells (AEC2s). These
cells contribute to the renewal of type I alveolar epithelial cells (AEClIs)
during homeostasis or after lung injury (13,14). From the analysis of tissues
where pulmonary fibrosis is present, abnormal AEC2s and loss of AECls
were identified, with the presence of fibroblastic foci typically adjacent to
hyperplastic or apoptotic alveolar epithelial cells (11).

Senescence, characterized by arrest of cell growth and a diminished
replicative potential, predisposes lung to fibrosis by impairing regeneration
of alveolar progenitor cells. Telomere shortening is the hallmark of aging
and senescence (50). A study conducted in 2016 (15), showed that AEC2s
present in areas of IPF fibrosis had impaired renewal capacity. The abnormal
behavior of the epithelial cells is associated with an alteration of the new
epithelial tissue. Activated alveolar epithelial cells produce numerous
growth factors and cytokines, including TGF-f, and platelet growth factors
with aberrant activation of myofibroblasts, which produce extracellular
matrix (ECM) destroying pulmonary alveolar architecture. Fibrotic diseases
are typically characterized by upregulation of TGF- B signaling, which
promotes recruitment of fibrotic mesenchymal cells and inflammatory
mediators, stimulating ECM deposition (50). TGF- is secreted by epithelial,
fibroblast and immune cells. Once secreted, various molecules lead to TGF -
B activation and binding to receptors on target cells, initiating a fibrotic
signaling cascade. In IPF, TGF-B is expressed by AECs and alveolar

macrophages, and its expression localizes to fibroblastic foci.



TGF-B mediate myofibroblast differentiation and resistence to apoptosis,
increasing collagen deposition. Myofibroblast activation is also induced by
the coagulation cascade (Factor X) (53). IPF fibroblasts are resistant to
apoptosis. This metabolic reprograming is mediated by TGF-f, leading to
increased mTORC]1 signaling that promotes apoptosis resistance and
decreased autophagy in fibroblasts (54). Attenuation of TGF- signaling
may represent one of the mechanisms of action of the antifibrotic drug
Pirfenidone (51-52).

Numerous evidences have documented how AECs are the main target of the
mechanisms of accelerated cellular senescence and apoptosis that would

induce pathological changes in IPF (16,17).

Role of T lymphocytes

The immune system uses distinct populations of T cells to respond to
inflammation and fibrosis in health and disease. Some studies demonstrate
that T helper 2 (Th2) cytokines promote fibrosis, whereas Thl cytokines
(e.g., IFN-y, IL-12) promote inflammation. Th2 cytokines include IL-4, IL-
5, IL-9, IL-13 and are important for fibrosis across multiple disease states.

These cytokines promote differentiation toward myofibroblasts (58-60).

Genetics and risk factors

Genetic susceptibility plays a role in the development of IPF.

IPF occurs both sporadically and in families, consistent with an underlying
genetic predisposition. Familial pulmonary fibrosis (FPF), defined as having
two or more family members with idiopathic interstitial pneumonia,
represents about 5-20% of IPF cases. Also sporadic IPF have a family history
of pulmonary fibrosis, suggesting that genetic variation is a key determinant
for the development of IPF (50).

Thanks to the study of familial pulmonary fibrosis, rare genetic variants
associated with surfactant (SFTPC, SFTPA2) and telomere (TERT, TERC,
PARN, RTEL) alterations have been identified. However, the finding of
these genetic modifications does not represent a direct cause of disease

(3,18,19). The TOLLIP gene codes for proteins that mediate the innate and
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adaptive immune response, while the MUCSB gene for a mucin that

contributes to the production of mucus in the airways is important for

maintaining homeostasis of the immune system. MUCSB 735705950 is the

most common genetic variant in IPF, which is present in 38% of patients

with IPF and is associated with a 21-fold risk for disease in homozygous
individuals. The pathologic mechanism of this mutation may be related to
excess mucin production and impaired mucociliary clearance (50).

Single nucleotide polymorphisms of TOLLIP and MUCS5B have been
associated with survival of IPF (20-22). Loss of function of the MUC5B
gene has been observed in both familial and sporadic forms: the altered
variant of this gene has low penetrance and the isolation of this gene appears
to be a contributing cause of IPF (20,21). It is assumed, therefore, that in the
sporadic forms there may be a genetic susceptibility which, however, alone
is not sufficient for the development of the disease, but the presence of
further risk factors is also necessary.

According to the ATS/ERS/JRS/ALAT 2011 guidelines (3) risk factors for
IPF include:

- Cigarette smoking: smoking is closely associated with the disease,
particularly in subjects with a history of smoking greater than 20 pack/years
in both sporadic and familial cases, however in the latter cases smoking leads
to a more than doubled risk of developing IPF (23). A history of smoking is
present in 41 to 83% of patients with IPF.

- Environmental exposure: a significant increase in the risk of developing

IPF has been observed after exposure to metal and wood dusts; various
professions can be associated with IPF: farmer, hairdresser, poultry farmer,
cattle breeder.

- Gastroesophageal reflux: several studies suggest that gastroesophageal

reflux, associated with presumable microaspiration, is a risk factor for IPF.

- Infections: various studies have investigated a possible role of viral agents
in the etiology of IPF; previous EBV, CMV, HCV and herpes virus
infections have been hypothesized as possible risk factors, but without any

direct experimental demonstration.
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Clinical presentation

Patients typically present with nonspecific symptoms such as worsening
dyspnea, first on exertion and then also at rest, associated or not with a
nonproductive cough. Physical examination of the chest is characterized by
"velcro-like" crackles, present during the inspiratory phase. In the initial
stages of the disease they are typically found at the level of the lung bases,
then as the disease progresses they also tend to affect the upper fields.
However, these auscultatory noises lack specificity as they are also present
in other forms of interstitial diseases.

Clubbing fingers are another clinical sign. In the advanced stages of the
disease, signs of cyanosis are evident. The natural history of the disease can
predict different trends: the majority of patients present a slow and
progressive worsening of dyspnea and respiratory function, some patients
remain stable while others develop rapid disease progression (3,24,25). It is

not possible to predict the course of the disease at the time of diagnosis.

Complications
The clinic of IPF can change both due to the progression of the disease and
the occurrence of complications.

Pulmonary hypertension (PH): signs of pulmonary hypertension can occur

with split second heart sound and with signs of chronic cor pulmonale
(jugular turgor, hepato-jugular reflux, hepatomegalia and dependent edema)
(26,27). The PH is present in 8-15% of patients with IPF and up to 60% of
those with end-stage disease and is associated with increased mortality (0.7
years) (28). PH is more frequent in the combined radiological pattern
emphysema and fibrosis. We have to suspect PH if there is a decline in
DLCO out of proportion to the decline in FVC with any clinical worsening.
Treatment with inhaled treprostinil has been shown to improve exercise
capacity (119).

Cardiovascular diseases: patients with IPF have an increased risk of

developing acute cardiovascular disease (29,30) and pulmonary
thromboembolism (31); in fact, it has been shown that in this disease there

is a pro-thrombotic state four times higher than in health patients (32).
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Lung cancer: the analysis of studies carried out in the USA and UK showed
a prevalence of lung cancer in patients with IPF ranging from 4 to 40%; a
large study found that patients with IPF without cancer (n:1571) had a longer
survival than patients with IPF and lung cancer (n:114) (28). Lung tumors in
patients with IPF develop preferentially in the periphery immediately
adjacent to fibrotic areas, with different histologic distribution and
immunohistochemical features compared with non-IPF associated lung
tumors. IPF and lung cancer share many pathogenic similarities including
genetic and epigenetic markers. It has been suggested that specific germline
mutations predispose toward both IPF and lung cancer, leading to imbalance
between oncogenes and tumor suppressor genes and ultimately
carcinogenesis within fibrotic lungs. Genetic and epigenetic alterations lead
to abnormal activation of common transduction pathways, including Wnt/(3-
catenin, mediating metaplasia and hyperproliferation in alveolar type II
epithelial cells. TERT (telomerase reverse transcriptase) and TERC
(telomerase RNA component), lead to shortened telomeres and genomic
instability and epithelial cells senescence. Telomeres consist of nucleotide
repeats at chromosome ends that buffer against loss of genetic information
during normal cell division. Telomere shortening has associated with
sporadic IPF (25%) and familial IPF (37%) (124).

Some studies also have shown that lung fibroblasts in IPF patients
overexpress PD-L1 (programmed death ligand 1), that is utilized by cancer
cells to escape the surveillance of the immune system. It could be block by
specific monoclonal antibodies (as has been recently established in treatment
of advanced non-small cell lung cancer-NSCLC). IPF patients on
Pirfenidone treatment have a lower incidence of lung cancer development
and also reduced rates of perioperative mortality and acute exacerbation
when underwent surgical interventions (76-77, Figl).

Gastroesophageal reflux: the prevalence is 0-94%; the median survival is

higher for patients undergoing GER therapy and for those undergoing Nissen
fundoplication (33).
Depression: present above all in the advanced stages of the disease and

correlated with the increase in dyspnea (34).
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Sleep apnea syndrome: some studies have shown reduction of the REM

phase, episodes of nocturnal desaturation associated with frequent
awakenings (35).

Low body weight: a reduction in BMI is associated with increased mortality
(36,37).

Diabetes mellitus: the correlation with IPF is not yet known (38,39).

Cardiovascular diseases and pulmonary hypertension may be a consequence

of the involvement of the endothelial cells in IPF. Fibrotic lung demonstrated
vascular abnormalities (vascularity is decreased within the fibrotic foci with
large, dilated vessels in areas of honeycombing) (55). The lack of vessels in
areas of fibrosis leads to increased pulmonary vascular resistance and
ultimately PH. It remains unclear whether these vascular abnormalities
contribute to fibrosis or constitute an adaptive response to fibrosis. Several
mechanisms have been proposed for abnormal vascular patterns in IPF,
including consequences of Hypoxic vasoconstriction, microvascular injury
due to antibodies against the endothelium (56). TGF- B and endothelin-1
(ET1) are important angiogenic factors. ET1 induces vasoconstriction and
vascular smooth muscle cell growth; although antagonists are used in PH,
clinical trials of endothelin receptor antagonists have not shown success in

IPF patients with early stage disease (57).

Acute exacerbation (AE)

The natural history of IPF is quite heterogeneous, from chronic stable
symptoms to progressive respiratory failure or acute exacerbation. The
incidence of AE of IPF is 5-10% per year (65). However, the incidence varies
according to ethnicity. Japanese patients are more susceptible to AE of IPF.
Therefore, some genetic regulatory factors may be related to AE (66-67).
These are very serious events, burdened by high mortality rates (median
survival 3-4 months after AE). The diagnosis of AE-IPF was defined by the
following criteria (40):

- previous diagnosis of IPF

- unexplained worsening of dyspnea within the previous 30 days

- presence of ground-glass type alterations on chest HRCT

14



- exclusion of known causes of respiratory distress (lung infections,
pulmonary embolism, heart failure).

However, the clinical conditions of the patient often do not make it possible
to perform tests such as bronchoscopy and therefore the exclusion of all
known causes is not always possible.

Recently the AE-IPF criteria have been re-discussed (41):

- previous or concurrent diagnosis of IPF

- worsening of shortness of breath for less than a month

- presence of ground-glass changes and/or consolidative areas on HRCT-
chest superimposed on a UIP pattern

- deterioration not explained by heart failure, fluid overload, pulmonary
embolism or pneumothorax.

The term idiopathic has been eliminated and the time interval for the
development of exacerbation is requested "lasting less than a month".

The acute exacerbation is therefore considered as an acute event probably
triggered by multiple triggering factors, such as, for example, infectious
factors, drug toxicity, aspiration, after procedures and post-operatively.
Studies have reported that reduced pulmonary function, especially forced
vital capacity (FVC), never smoking status and baseline Krebs von den
Lungen-6 (KL6) are crucial risk factors that predict an AE of IPF (62).

In the chemistry panel, lactate dehydrogenase (LDH) is a simple and
sensitive marker that predicts the short-term prognosis of AE of IPF patients
(63). Other studies demonstrate that a serum ferritin level above 500 ng/mL
predicts poor prognosis in AE of IPF (64).

In chest radiographs, a new bilateral diffuse shadow that is superimposed on
the lower-lobe reticular shadow is the typical finding in AE of IPF patients.
Akira et al. (68) proposed that the CT findings of AEs of IPF should be
divided into three patterns, consisting of peripheral, multifocal and diffuse
infiltrates. They also evaluated several follow up CT scans. In survivors with
the peripheral pattern, the majority of GGO and consolidation regressed back
to baseline levels of abnormality. In survivors with multifocal scan findings,
GGO and consolidation disappeared with corticosteroid therapy. In contrast,

survivors with the diffuse pattern demonstrated significant extension of
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GGO and consolidation. In multivariate analysis, the diffuse CT pattern was
the strongest predictor of mortality.

The 2018 Japanese IPF treatment guidelines suggested that IPF patients with
AE should be treated with corticosteroids, including pulse therapy (pulse
therapy is defined as discontinuous/intermittent intravenous infusion of very
high doses of corticosteroids). Steroid pulse therapy is typically administered
for three consecutive days. Weekly pulse therapy may sometimes be
repeated once or twice. Prolonged pulse therapy may often be complicated
by opportunistic infections such as pneumocystis pneumonia and viral
infections (69). When there is a partial response with prednisolone,
somebody try treatment with chronic immunosuppressants, such as
intravenous cyclophosphamide (70). However, this treatment strategy is not
supported by robust evidence.

Recently, novels therapies have been reported to have possible value in
treating AE of IPF:

1) PMX-DHP (polymyxin B-immobilized fiber column), that was originally

introduced to treat sepsis and septic shock. It has a great response in AE if
administered within 3 days after disease onset;

2) thTM (recombinant human soluble thrombomodulin), which has anti-

inflammatory effects and mitigates the coagulation cascade. Several reports
have shown that intravenous administration of thTM for six consecutive
days improved the survival rate of AEs of IPF patients (71-73);

3) nintedanib, with an important role in acute and chronic phase of IPF;

4) high-flow-nasal cannula (HFNC): reduced tachypnea and improves in

minute ventilation (74).
Acute exacerbation of IPF is usually associated with a poor prognosis. It

accounts for 40% of IPF deaths (75). The mean survival of AE of IPF is less

than one year. Therefore, the prevention of AE is crucial.

Radiology
In patients suspected of having IPF, chest CT should be done thin-slice and
with the patient in the prone position. It is desirable that the examination be

performed in exhalation to evaluate the presence of air-trapping from
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bronchiolar involvement. The radiological pattern associated with IPF is that
of "Usual Interstitial Pneumonia" (UIP) and is characterized by the presence
of reticular opacities on HRCT-thorax, often associated with traction
bronchiectasis and honeycombing which typically has a basal-subpleural
distribution.

The alterations present on HRCT-chest allow us to describe three types of
UIP patterns (3):

- UIP pattern: basal and subpleural predominant fibrotic lesions, with
heterogeneous distribution. Presence of honeycombing with or without
traction bronchiectasis;

- Probable UIP pattern: basal and subpleural predominant fibrotic lesions,

with heterogeneous distribution. Interstitial cross-links with traction
bronchiectasis or bronchiolectasis;

- Indeterminate UIP pattern: predominantly basal and subpleural fibrotic

lesions, interstitial reticulations, possible lesions with ground glass
appearance. The distribution of fibrosis is not typical of the UIP pattern;

- Alternative diagnosis: presence of cysts, predominance of ground-glass

lesions, numerous micronodules, centrilobular nodules, consolidations,
prevalent peribronchovascular and perilymphatic distribution of lesions,
involvement of the middle-upper lung fields, pleural plaques, esophageal
dilatation.

The UIP radiological pattern has a very high sensitivity and specificity for
the histopathological diagnosis of UIP (42). The new ATS guidelines (1)
applied changes in the definition of the three radiological patterns:

- pattern UIP (confident > 90% for diagnosis of IPF): distribution subpleural

and basal predominant, heterogeneous distribution, honeycombing, with or
without traction bronchiectasis, irregular thickening of interlobular septa,
may have pulmonary ossification;

- pattern UIP probable (confidence 70-89%): subpleural and basal

predominant, heterogeneous reticulation and traction bronchiectasis, may
have mild ground-glass. Absence of honeycombing;

- indeterminate for UIP (confidence 51-69%): diffuse distribution without

subpleural predominance;
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- alternative diagnosis (confidence < 50%): subpleural sparing as NSIP,

perilymphatic distribution as sarcoidosis, fibrosis of upper lung lobes as HP,
cysts,  predominant  ground-glass, centrilobular = micronodules,
consolidations, pleural plaques, dilated esophagus.

The new diagnostic criteria explain that IPF diagnosis not always need the

biopsy confirmation (Fig2).

Pathological Anatomy

The histological criteria that define the UIP pattern are:

- the presence of "patchy" fibrosis (spatially heterogeneous lesions);

- temporally heterogeneous lesions;

- architectural distortion with honeycombing aspects.

The term "Patchy" describes areas of fibrotic lung alternating with spared
areas. These changes typically affect the subpleural and paraseptal areas.
The fibrotic alterations also present in a heterogeneous way in a temporal
sense with the alternation of inveterate fibrosis near to areas of younger and
more active fibrosis, characterized by dense areas of collagen and
subepithelial foci of fibroblasts and myofibroblasts. It is believed that
fibroblastic foci are the areas where there is the greatest deposition of
extracellular matrix which tends to transform into dense cicatricial fibrosis
over time.

Honeycombing areas are composed of fibrotic cystic air spaces covered by
bronchiolar epithelium and filled with mucin and represent the irreversible
phase of lung remodeling.

The inflammation is usually moderate and consists of the presence of an
interstitial infiltrate of lymphocytes and plasma cells associated with type 2
pneumocyte hyperplasia and bronchial epithelial cells (3).

The anatomical-pathological alterations allow us to describe four
histological classifications:

- UIP pattern: evidence of marked fibrosis with distortion of the parenchymal
architecture, presence of honeycombing with predominant subpleural and

paraseptal distribution, presence of patchy fibrotic involvement of the lung
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parenchyma, presence of fibroblastic foci, absence of all the characteristics
that define an alternative diagnosis;

-Probable UIP pattern: there are some histological features of the UIP pattern

but with an extension such as to preclude the definitive diagnosis and the
absence of elements suggestive of an alternative diagnosis or the presence of
only honeycombing;

-Indeterminate UIP pattern: fibrosis with or without architectural distortion

with characteristics referable to a non-UIP pattern or to a secondary UIP
pattern to another cause;

-Alternative diagnosis: Histological features related to other interstitial

diseases (such as absence of fibroblast foci) in all biopsies, consistent with

hypersensitivity pneumonitis, sarcoidosis, pulmonary histiocytosis.

Diagnosis

Starting from ATS guidelines of 2018 (3), a strong recommendation was
made to use a multidisciplinary approach for the diagnosis of idiopathic
pulmonary fibrosis, i.e. thanks to the collaboration of specialists such us
pulmonologist, radiologist, pathologist and possibly rheumatologist.

The history and clinical situation are the first fundamental step in excluding
all known causes of fibrosis; it is therefore important to investigate the
exposure to organic or inorganic dust, the use of pneumotoxic drugs or to
evaluate a possible connective tissue disorder (both through the clinic and
with the dosage of autoantibodies). The next step is to evaluate the
appearance on high resolution CT-chest (HRCT-chest) and, in selected
cases, to resort to surgical lung biopsy (SLB) or transbronchial criobiopsy
(TBLO).

In the case of radiological pattern UIP defined on chest HRCT and a
compatible clinical situation, it is already possible to diagnose IPF, without
recourse to lung biopsy.

The guidelines also provide a grid for combining HRCT and histological
results for an accurate diagnosis of IPF (1). Clinically suspected of having

IPF is defined as unexplained patterns of bilateral pulmonary fibrosis on
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chest radiography or chest computed tomography, bibasal inspiratory
crackles and age > 60ys.

The new diagnostic algorithm for IPF (1) says that patients with a
radiological pattern of probable UIP can receive a diagnosis of IPF after a
multidisciplinary discussion (MDD), without confirmation by lung biopsy in
the appropriate clinical setting. Bronchoalveolar lavage (BAL) may be
performed before MMD in some patients evaluated in experienced centers,
to exclude secondaries from exposure. Therefore, in the event of a
compatible clinical pattern and the presence of a defined UIP pattern, it is
possible to diagnose IPF without resorting to more invasive investigations.
On the other hand, in cases of indeterminate UIP pattern, we proceed with a
multidisciplinary discussion of the clinical case to decide whether to subject
the patient to further tests (BAL and/or lung biopsy) and in the light of these

results, always agree on the diagnosis in a multidisciplinary context (Fig3).

Surgical lung biopsy and transbronchial lung criobiopsy

To obtain a biopsy sample of the lung parenchyma (43), the patient can
undergo a surgical biopsy (SLB), usually performed by video-laparoscopy.
The sampling areas, given the heterogeneous distribution of the disease,
must be in at least two lung lobes, avoiding the tip of the lingula, the middle
lobe and the honeycombing areas. Transbronchial biopsies allow sampling
only small fragments on which it is not always possible to recognize the UIP
pattern, for this reason it is not considered a useful method (44). In recent
years, some centers have begun to use cryobiopsy: it is a method performed
in rigid bronchoscopy through a probe that reaches a temperature of -89°C;
it is possible to obtain lung fragments of considerable size and larger than in
trans-bronchial biopsies (45). The new ATS guidelines says that
transbronchial lung cryobiopsy (TBLC) may be preferred to surgical lung
biopsy (SLB) in centers with appropriate expertise and in some patient
populations, with a low risk of pneumothorax and bleeding. A subsequent

SLB may be justified in some patients with no diagnostic findings on TBLC
(D).
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Bronchoalveolar lavage

Bronchoalveolar lavage is not a decisive method for the final diagnosis but
can be useful in the diagnostic process to exclude other interstitial diseases
(46,47).

IPF is not specifically associated with any cellular pattern, but a modest
increase in neutrophils (>5%) and eosinophils (>2%) is common.

A lymphocyte count >25% is typical in granulomatous disease (sarcoidosis),
a lymphocyte count >50% suggests hypersensitivity pneumonitis or NSIP.
The presence of neutrophils >50% can direct the clinician to an inflammatory
form; the presence of eosinophils >25% can instead diagnose eosinophilic
pneumonia (47,48). The presence of neutrophils in BAL of IPF patients
predicts early mortality. Neutrophils secrete various MMPs, playing a role
in ECM deposition and maintenance (61).

Recent studies have been carried out about the S100 calcium binding protein
(S100A12), as a prognostic biomarker of IPF. S100 protein is mainly
expressed in monocytes and higher levels in BAL in IPF patients are
associated to a higher mortality. Higher levels of ST00A 12 were found in the
blood of patients with acute exacerbation of IPF. However, the role of the
S100A12 in the lung tissue and in the BAL of IPF patients is unclear. We
know that in the process of pulmonary fibrosis, monocytes are recruited into
the lung in response to tissue injury and differentiate into long-lived
macrophages producing TGF-B, metalloproteinasis (MMPs), eventually
leading to fibroblast activation, myofibroblast differentiation and

extracellular matrix remodeling (49).

Biomarkers

Biomarkers are defined as “characteristics that are objectively measured and
evaluated as an indicator of normal biologic processes, pathogenic processes
or pharmacologic responses to a therapeutic intervention” (83).

To date clinical, diagnostic, prognostic biomarkers are not well characterized
for IPF. However, they could become useful tools helping facilitate
diagnoses, monitoring disease progression and treatment efficacy.

IPF pathogenesis involves an unknown exogenous injury (cigarette smoke,
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pollution, dust, virus, superoxide, reactive nitrogen species), or genetic
change or autoimmune response or ageing related predisposal mediated
alveolar epithelial cells (AEC) dysfunction (78, Fig4).

Some studies showed the role of S100A9 (calgranulin B) as a biomarker of

IPF dosed on BALF (bronchoalveolar lavage fluid) to differentiate IPF from

different interstitial pneumonias, using enzyme-linked immunosorbent
assay-ELISA. The authors concluded that BALF S100A9 is a specific and
sensitive biomarker in differentiating IPF from CVD-IP (connective vascular
disease interstitial pneumoniae) and iNSIP. These findings suggest that
serum S100A9 reflects systemic inflammatory conditions, whereas BALF
S100A9 reveals local inflammation in the lung (79).

Interleukin-6 (IL-6) plays a key role in the pathogenesis of IP, stimulating

myofibroblast proliferation. Myofibroblasts excessively secrete extracellular
matrix and remodel the matrix through remodeling proteins (cathepsin S,
periostin) (80).

Other studies demonstrate that the levels of CRP and fibrinogen are higher
in IPF patients and that antithrombin-III correlated significantly with forced

vital capacity (FVC), reflecting the severity of the disease (81-82).

Surfactant proteins, secreted by AEC type II, are encoded by SFTPA,
SFTPB, SFTPC, SFTPD genes. Variants SP-C, SP-A2, SP-A1 have been
associated to familiar pulmonary fibrosis. As surfactant protein levels can be
measured in bronchoalveolar lavage fluid (BALF) and in blood, they could
have a role in identifying risk individuals in families with pulmonary
fibrosis. SP-A serum levels appear to be significantly higher in patients with
IPF than in patients with other ILDs and are associated to a reduced survival
in IPF (84,85).

Krebs von den Lungen-6 (KL6)mucin 1 (MUCI) is a glycoprotein

expressed on the extracellular surface of type II AECs and bronchiolar
epithelial cells in the lung largely studied in ILDs due to its overexpression
in affected lung and regenerating type II AECs (86, 87). KL-6 is increased
in serum of several ILDs including IPF (88,89). In one study, KL-6 levels in

BALF seems to be a specific diagnostic marker in IPF compared with other
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ILDs (90),while Bennet et al. proved that higher levels of BALF KL-6 are
related to a more severe and extended disease (91). However, since KL-6
reflects AECs damage, it is not specific enough to distinguish IPF from the
other ILDs, but it could facilitate stratification of severity. Increased values
of KL-6 in IPF is a predictor of AE risk (92,93). Response to pirfenidone
therapy correlates with changes in serum KL-6. Bergantini et al. evaluated
serial measurements of serum KL-6 in IPF patients treated with Nintedanib
and demonstrated an indirect correlation with FVC percentages and KL-6
values. Moreover, after 1 year of treatment, patients on therapy showed
stable FVC percentages and KL-6 levels compared with baseline values.
(98,99).

Metalloproteases (MMP) are proteins (family of zinc-dependent matrixins)

that participate in extracellular matrix degradation and in the fibrotic process.
MMP-1 and MMP-7 are overexpressed in serum and BALF of IPF patients,
but alone they are not sufficiently specific to distinguish IPF from other ILDs
(94-96).

Periostin, another ECM protein involved in tissue development, has been
shown part of the pathogenetic process in IPF. Periostin has prognostic
values, in fact total periostin can predict both short-term declines of
pulmonary function and overall survival in IPF patients. However, total
periostin is not specific for IPF. On the contrary, the monomeric periostin
form is more specific and can be used not only to predict pulmonary function
decline but also to distinguish IPF patients from healthy controls (97).

Blood monocytes: peripheral blood monocyte count has recently emerged as

a promising and easily measurable prognostic biomarker in IPF patients,
with several studies showing that a monocyte count > 0.60 x 10"° cell.L! is
strongly associated with disease progression; a monocyte count > 0.95 x 10"°
cell.L-! indicating a very high risk for poor outcomes (120-122).

The need of reliable biomarkers is becoming more and more fundamental.
The validation of useful and accurate diagnostic markers could reduce
uncertainty and the use of invasive procedure, could help to predict AE
events and improve diagnostic accuracy. No biomarkers have demonstrated

utility in the assessment of treatment response to antifibrotic therapy (123).
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Treatment

The 2011 guidelines (3) analyzed the possible therapeutic choices for
patients with IPF and the recommendations for each drug were classified as
strong or weak based on the quality of the data and scientific evidence. At
the time, however, no medical therapy presented a strong recommendation
in favor of its use and therefore lung transplantation was the only
intervention that received a positive recommendation.

In 2015, the 2011 guidelines update was published (100) where there was a
strong recommendation against the use of prednisone+azathioprine+N-
acetylcysteine (NAC), warfarin, macitentan and ambrisentan.

In 2009, the PANTHER-IPF study (101) was conducted with three study
arms: NAC+prednisone+azathioprine; NAC monotherapy and placebo. In
the triple therapy arm the study was discontinued early for safety reasons,
the NAC alone arm completed the study but without showing substantial
efficacy. However, a post-hoc analysis has shown interesting results in
patients with the TOLLIP genotype (TT) (102). The phase III studies with
warfarin (103) and the one with ambrisentan (104) were prematurely
discontinued, in the first case due to an increase in the mortality of the treated
arm, in the second due to lack of efficacy; studies for bosentan and macitenan
showed negative results as early as phase II (105-107).

New in the 2015 update is the conditional recommendation in favor of the
use of pirfenidone and nintedanib which are currently the only approved
drugs for IPF.

Both drugs showed a slowdown in the progression of the disease and in the
case of nintedanib also a reduction in exacerbations.

The prescription according to AIFA criteria of both drugs is represented by
functional and diffusion characteristics. In particular, for both the FVC
values must be greater than 50%; the DLCO must be greater than 35%
predicted for pirfenidone and greater than 30% predicted for nintedanib. The
choice of drug must therefore be weighted on the basis of the level of
respiratory compromise, but also on the basis of patient compliance and

associated comorbidities and therapies.
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Lung transplantation, which has a strong recommendation in the guidelines,
remains the only therapeutic procedure that modifies the natural history of

the disease.

*  Non pharmacological treatments

In case of hypoxemia at rest, oxygen therapy is indicated although there are

no data of such long-ter