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1. ABSTRACT 

Idiopathic pulmonary fibrosis (IPF) and non-specific interstitial pneumonia 
(NSIP) are the most frequent entities among the rare idiopathic interstitial 
pneumonias. Bronchoalveolar lavage (BAL) is able to give relevant information 
about the cellular composition at alveolar level and is commonly part of the 
diagnostic algorithm of ILD. Several biomarkers in peripheral blood or BAL fluid 
have been studied in patients with ILD, however at the moment there are no 
biomarkers universally recognized in clinical practice.  

The objectives of the present study were to analyse the cellular composition of 
BAL and to establish the levels of KL-6, Calgranulin B and Pepsin in BAL of 
patients with IPF and i-NSIP and a group of healthy controls. 

In the present study were included 60 patients suffering from IPF (n = 30; males 
n = 24; age = 68.73 ± 8.63 years) and idiopathic-NSIP (fibrotic NSIP pattern) (n 
= 30; males n = 17; age = 68.33 ± 7.45 years). 

Patients with IPF and i-NSIP showed a percentage of macrophages in BAL 
significantly lower than healthy controls (p <0.05). In IPF patients, we identified 
significant correlations of BAL neutrophils % with FiO2 and SpO2% at rest, final 
BORG dyspnea at 6MWT and DLCO worsening after 12 months. In i-NSIP 
patients, BAL neutrophils correlated with FVC %, RV%, TLC% and FiO2 at rest 
and DLCO worsening after 6 months. Moreover, in i-NSIP patients eosinophils% 
in BAL > 13% was significantly associated with shorter survival. 

KL-6 and Calgranulin B in BAL were found significantly higher in the whole 
patients’ population (IPF and i-NSIP) than in healthy controls (p <0.05). Pepsin 
was not different among the three groups. In IPF patients, KL-6 was increased in 
patients with chronic respiratory failure and correlated directly with FiO2 at 
rest and with the amount of oxygen required at the 6MWT. In patients suffering 
from i-NSIP, it correlated directly with the eosinophils% in BAL and indirectly 
with FVC%, TLC%, DLCO% and with the walked distance at the 6MWT. 
Calgranulin B was found increased in advanced IPF and i-NSIP patients with 
chronic respiratory failure and an indirect correlation with DLCO worsening at 
18 months was shown in i-NSIP patients. Calgranulin B also showed a 
significant correlation with survival. 

In conclusion, BAL data on cellularity confirmed to play a relevant role in the 
diagnosis of ILD and in prognosis assessment. KL-6 and Calgranulin B in BAL 
demonstrated to be reliable non-invasive biomarkers of IPF and i-NSIP. They 
showed to be able to discriminate more severe patients and to correlate with 
other clinical and functional variables recognizing a significant prognostic role.  
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2. INTRODUCTION 

 

THE INTERSTITIAL LUNG DISEASES  

The interstitial lung diseases (ILD) represent a large group of distinct 
pulmonary entities, characterized by the pathological involvement of the lung 
parenchyma, as a result of known and unknown stimuli and that can, often, but 
not always, result in fibrosis (1). 

In 2002, the Consensus Statement of the American Thoracic Society and the 
European Respiratory Society has proposed a classification of the ILD according 
to their pathogenesis (1): 

1. ILD of known cause: secondary to collagen-vascular diseases (CVD), to 
drugs, irritants, and environmental or professional exposure; 

2. Idiopathic ILD: unknown cause, but with different evolution and prognosis; 
3. Granulomatous ILD: in which the presence of granulomas constitutes the 

characterizing element; 
4. Other ILD: characterized by specific morphological changes and alterations 

such as lymphangioleiomyomatosis, pulmonary Langerhans’ cells 
histiocytosis and eosinophilic pneumonia. 

As part of Idiopathic Interstitial Pneumonia (IIP), the International Consensus 
had identified seven distinct entities (1): 

- IPF: Idiopathic Pulmonary Fibrosis; 
- NSIP: Non-specific Interstitial Pneumonia; 
- DIP: Desquamative Interstitial Pneumonia; 
- RB-ILD: Respiratory bronchiolitis associated with interstitial lung disease; 
- AIP: Acute Interstitial Pneumonia; 
- LIP: Lymphocytic Interstitial Pneumonia; 
- COP: Cryptogenic Organizing Pneumonia. 

The last update of the classification of IIP dates back to 2013, in which a new 
entity called Idiopathic pleuroparenchymal fibroelastosis has been introduced 
(2). In this document, IIP were re-classified according to diseases’ frequency in 
three groups: major IIP (IPF, NSIP, RB-ILD, DIP, COP, AIP), rare IIP (idiopathic 
LIP and idiopathic pleuroparenchymal fibroelastosis) and those unclassifiable. 
Moreover, the six entities of the major IIP group were subclassified according to 
their clinical presentation: chronic (IPF and NSIP), acute/subacute (COP, AIP); 
and about the correlation with tobacco exposure (DIP, RB-ILD). 
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IDIOPATHIC PULMONARY FIBROSIS 

 

DEFINITION AND CLASSIFICATION 

Idiopathic pulmonary fibrosis (IPF) is defined as a specific form of chronic, 
progressive fibrosing interstitial pneumonia of unknown cause, occurring 
primarily in older adults, limited to the lungs, and associated with the 
histopathologic and/or radiologic pattern of UIP. The definition of IPF requires 
the exclusion of other forms of interstitial pneumonia including other idiopathic 
interstitial pneumonias and ILD associated with environmental exposure, 
medication, or systemic disease (3). 

IPF is the most common form among the IIP (with an estimated prevalence of 
17 cases per 100,000 inhabitants and an incidence of 9 cases per 100,000), 
generally appears between the age of 50 and 70 years and it does not show 
predilections for particular ethnic or racial groups, while it is more common in 
male than female, with a higher prevalence in smokers. Its prognosis is bad and 
it is poorly responsive to therapies. They are known familial forms of IPF (3). 

 

PATHOGENESIS 

Until the ’70-‘80, the inflammatory pathogenic hypothesis was the most 
accepted and sprang from the observation of inflammatory cells in the 
bronchoalveolar lavage in patients with IPF. According to this theory a chronic 
inflammatory process, causing damage of the alveolar walls and/or basement 
membranes, determining the subsequent loss of type I pneumocytes and 
endothelial cells, the proliferation of type II pneumocytes, the loss of integrity of 
the alveolar-capillary membrane, the proliferation of the stromal cells and the 
deposition of abundant extracellular matrix. This hypothesis was later 
abandoned, believing that behind the disease could be an external agent able to 
cause damage to the epithelial cells and inducing an aberrant reparative process 
and of the final fibrous state (3, 4). 

Although there are still many uncertainties about the exact pathogenic 
mechanism, it is believed that the IPF genesis is due to an abnormal repair 
process in response to persistent or repeated damaging stimuli. The most likely 
hypothesis argues that the trial has begun in the alveolar epithelial cell layer 
(AECs) (4). According to extensive evidence, the AECs type II would be the main 
target of the mechanisms of apoptosis and accelerated cellular senescence, 
which would lead to changes seen in IPF: abnormal proliferation of bronchiolar 
epithelium (hyperplasia, metaplasia, bronchiolization and honeycombing), 
deposition of extracellular matrix with formation of dense fibrous deposits and 
fibroblastic proliferation with the characteristic cellular accumulations known 
as fibroblastic foci (5-9). These alterations participate to the identification of the 
UIP (Usual Interstitial Pneumonia) picture (10). 

The processes that lead to the accumulation of fibroblasts and myofibroblasts in 
the lung in the course of IPF include both the expansion of resident cells 
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elements ("epithelial-mesenchymal transition", EMT) (11), that the migration 
and differentiation of circulating precursors (fibrocytes) (12-13). it has also 
been speculated that the increase of these cells correlates with disease 
progression, since they have been found elevated in the peripheral blood in 
patients with IPF (14). Finally, also the destruction of the basement membrane 
could play a crucial role in the pathogenesis of IPF, although the mechanisms 
underlying this damage are unknown. In this regard, studies on matrix 
metalloproteinases produced by alveolar epithelium in correspondence of the 
denudation areas of the membrane and involved in tissue damage have been 
conducted (15). 

Recent studies have suggested that mechanical stress, perpetuated in some 
areas of the lung (predominantly the peripheral and basal areas where in fact 
the disease originates), can play an important role as a cofactor for induction of 
alveolar damage (16, 17). 

Some molecular pathways have been recognized to be activated in the 
pathogenesis of IPF as Wnt-Beta-catenin.  It is involved in the regulation of gene 
transcription, in epithelial-mesenchimal transition, in the repair mechanisms of 
tissue injury and in the regulation of cellular senescence mechanisms (18). The 
B-catenin when overexpressed, as occurs in IPF, causes an overproduction of 
inflammatory signals that lead to the recruitment of fibroblasts, to an alteration 
of angiogenesis and to a bronchiolar proliferation (19, 20). 

The complex mechanisms underlying IPF remain only partially clarified. New 
proteomics, genomics and molecular biology studies are considering the 
involvement of other potentially molecular pathways (21-25). 

 

Genetics 

Several categories of mutated genes have been identified in IPF: 

1. Genes which encode for the protein of the surfactant C, A2, ABCA3 (26, 27); 
2. Genes encoding for the telomerase complex, TERT and TERC (28); 
3. Genes that encode for proteins involved in the formation of the extra cellular 

matrix (collagen I, collagen III) and in its degradation (MMP-1, MMP-2, 
MMP-7, MMP-9) (29); 

4. Genes responsible for the production of inflammatory cytokines and 
chemokines (30); 

5. Genes responsible for the synthesis of immunoglobulins and antioxidants 
(30). 

Mutations in these genes seem to have a cascading effect on two important 
pathogenetic pathways: the Unfolded Protein Response (UPR) and the B-catenin 
Wnt signaling, the effect of which is damaging the type II pneumocytes. These 
genetic studies reinforce the theory that the alveolar epithelial cells would be 
the target of accelerated aging processes, as genetically predisposed or because 
they are subject to epigenetic phenomena that occur after the exposure to 
environmental factors (in analogy to what happens in carcinogenesis) (30). 
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EPIDEMIOLOGY 

The prevalence and incidence of IPF vary according to the different criteria used 
for its definition. In the US, using the most selective criteria, the prevalence have 
been shown between 14 and 27.9 cases per 100,000 inhabitants and the annual 
incidence fluctuates between 6.8 to 8.8 and 16.3 to 17.4 new cases per 100,000 
inhabitants (31). In Europe, data on the incidence and prevalence tend to be 
lower: the prevalence is between 1.25 and 23.4 cases per 100,000 inhabitants, 
while the annual incidence is between 0.22 and 7.4 new cases per 100,000 
inhabitants (32). A recent epidemiological Italian study, in the Lazio region, 
reported an incidence of 9.3 cases per 100,000 inhabitants, and a prevalence of 
31.6 cases per 100,000 inhabitants (33). These epidemiological data permit to 
classify IPF as a "rare disease", according to American and European 
benchmarks.  

 

Risk factors 

The pathogenesis of IPF remains unknown, however over time multiple risk 
factors have been identified: 

- Cigarette smoking: a meta-analysis of observational studies identified in 
cigarette smoke the most important risk factor for IPF, especially for patients 
with severe smoking history (over 20 packs / year) (34); prior history of 
cigarette smoke exposure is present in a percentage of patients that reaches up 
to 83% (35). In addition, some studies have shown that the active or former 
smoking status is related to a lower survival (36).  

- Age: IPF generally occurs in people of middle and old age (over 50 years old), 
it has been postulated that age adversely affects the lung capacity for 
regeneration and increases the fibrotic response to various insults (7). 

- Environmental pollutants: many experimental and observational studies have 
shown an association between exposure to dust, fumes, pollutants and the risk 
of fibrosing lung diseases. An increase of air pollutants such as ozone and 
nitrogen dioxide, is also associated with an increased risk of acute 
exacerbation of IPF (37). 

- Occupational exposures: associations between IPF development and various 
professions have been reported (eg agriculture, hairdressers, workers exposed 
to wood dust, metal and stones, or fumes from organic or fossil fuels) (34). 

- Gastroesophageal reflux (GER): although it has been often described an 
association between GERD and IPF, a clear causal association has never been 
demonstrated. However the continuous asymptomatic micro-suction and 
inhalation of both acid and alkaline gastro-duodenal content was reported as a 
risk factor for the development of IPF (38, 39). 

- Infections: several studies have searched a possible etiologic role of viruses 
or other microorganisms in IPF, but given the numerous confounding factors, 
they never came to a final conclusion (40). 

- Gender: incidence and prevalence of IPF are higher in males (41). Some 
studies have also suggested that the female sex is associated with a slower 
progression of the disease and an increased survival (42). 
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- Diabetes Mellitus: some case-control studies have suggested a role of 
diabetes mellitus as an independent risk factor of IPF (43). 

- Genetic factors: in sporadic cases of IPF various genetic polymorphisms have 
been identified and some of these (genes involved in the production of mucin, 
cell adhesion and DNA repair (MUC5B, TERT, TERC) were associated with 
a significantly increased risk of developing the disease (44). 

 

CLINICAL PRESENTATION 

IPF begins insidiously and is characterized by a progressive course. Symptoms 
include exertional dyspnea and dry cough (or less frequently accompanied by 
poor mucoid sputum of difficult expectoration). Fingers clubbing, cyanosis, 
fatigue and general malaise are common (3).  

In almost all patients with IPF, chest auscultation reveals the presence of 
"Velcro-type” crackles. They are usually present from the early stages of the 
disease and have a bilateral basal or medium-basal location, with a tendency to 
progress to the higher courts with the advance of the disease (45).  

In the late stage of IPF, patients invariably develop chronic respiratory failure, 
commonly with normocapnic hypoxemia. Common is also pulmonary 
hypertension (PH) development, but specific (PH) therapies did not show a 
positive effect on IPF prognosis (46).  

Some patients might report systemic symptoms, such as fever, fatigue, weight 
loss, myalgia or arthralgia that are not typical of IPF and that should give rise to 
a suspicion of a connective tissue, other conditions or comorbidities (47, 48). 

Gastro-esophageal reflux (GER) is very common in IPF patients (is concerned up 
to 90% of patients). Recent studies have postulate GER as an etilogical and 
prognostic factor of IPF, attributing to the repeated micro-aspiration of the 
gastric contents a detrimental effect on the lung (49). 

 

Comorbidity 

In patients with IPF, some comorbities are frequent and the hypothesis that 
these conditions are somehow in conjunction with IPF pathogenesis and 
mechanism is intuiting but lack of data. 

1. Gastro-esophageal reflux (GER): the prevalence of GER in IPF varies between 
66 and 87%, although more than a third of these have been found asymptomatic. 
It has been postulate it can be caused by the altered intrathoracic pressures 
(related to the low compliance of the lung parenchyma) (49-50). In patients 
with acute exacerbation of IPF, high levels of pepsin in BAL have been 
demonstrated (51). Recent data also suggested the treatment also of the non-
symptomatic GER, could represent an independent factor predictive of 
increased survival in patients with IPF (52). 
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2. Cardiovascular and thrombo-embolic diseases: several studies have shown 
that patients with IPF have an increased risk of developing such conditions 
compared with the general population or to patients with other respiratory 
diseases (3). Recent studies have shown a four times higher pro-thrombotic 
state in patients with IPF than controls (53, 54).  

3. Pulmonary hypertension (PH): the prevalence of pre-capillary PH in the 
course of IPF varies between 31 and 85% (55, 56). Screening of PH is principally 
recommend by echocardiograph, however the gold standard for the diagnosis is 
still represented by right heart catheterization (3) . The dosages of BNP and NT-
proBNP are sensitive, but have not yet been validated in patients with IPF (57). 
PH development is generally found in the later stages of IPF but a small 
subgroup of patients may present PH from the early phases (58, 59). 

4. Lung cancer: the relative risk of a patient with IPF of developing lung cancer 
than the general population is 7.31, and this risk increases in male former 
smokers (60). The prevalence of lung cancer in IPF national registers varies 
between 4.4% and 9.8% (61) and increases with the length of the disease, 
reaching up to 54.7% in those with 10 years of history of IPF (62).  

5. Depression: more than 20% of patients with IPF is depressed and its presence 
is closely related to the importance of dyspnea (63). 

6. Sleep apnoea syndrome: the low quality of life of these patients also 
correlates with the quality score of their sleep; in IPF patients it is common to 
find sleep fragmentation, reduction of REM phases, episodes of desaturation 
and nocturnal awakenings (64). It would be appropriate to perform a sleep 
study in patients with IPF; the correction of sleep disorders could have a 
beneficial effect on survival (65). 

7. Low body weight: a BMI <18.5 at diagnosis is associated with increased 
mortality; on the contrary a high BMI appears to be associated with a better 
survival (66). 

8. Diabetes mellitus is a frequent comorbidity of IPF and has recently been listed 
as an independent risk factor, although it is still not clear the mechanism for 
which this two diseases would be linked (67). 

 

FAMILIAL PULMONARY FIBROSIS  

Familial pulmonary fibrosis (FPF) is defined as the presence of an interstitial 
lung disease in at least two relatives in the same family. Although familial cases 
are frequently clinically indistinguishable from sporadic’s, these forms tend to 
occur precociously with an average age at diagnosis of 55 years (68). 

FPF can present different radiological and pathological pictures, however, the 
more frequent observed pattern is the UIP (69). FPF represent a very 
interesting model of study for IPF, especially for the purpose of identifying 
genetic variants among familial and sporadic cases (70). 
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Some genes involved in such familiar forms are known and have been found in 
patients with sporadic form too (but still represent less than 20% of all forms): 
the gene coding for the protein C of the surfactant (SFTPC) (71) and the one 
encoding for the surfactant A2 protein (SFTPA) (72); the gene encoding for the 
telomerase complex TERT and TERC (which encode respectively for the reverse 
transcriptase and telomerase RNA component of the telomerase complex) (73). 

 

DIAGNOSIS 

IPF may be suspected on the basis of symptoms, clinical signs and radiological 
findings. The steps for a correct diagnosis include the clinical evaluation, the 
execution of the chest HRCT and, in some cases, also the lung biopsy (3, 74). 

The diagnosis requires a multidisciplinary approach that involves different 
figures as the pulmonologist, the radiologist, the pathologist, and in some case 
other specialists (rheumatology, occupational medicine, etc). The differential 
diagnosis principally includes hypersensitivity pneumonia, NSIP and other IIP, 
stage IV sarcoidosis, ILD secondary to connective tissue diseases, to exposure to 
drugs and to occupational or environmental factors (3, 75, 76). 

In the diagnostic process, the bronchoalveolar lavage (BAL) and transbronchial 
biopsy (TBB) can be useful for the exclusion of other ILD (3). 

 

High-Resolution CT (HRCT) 

HRCT is the key for the diagnosis of IPF. It must be performed with a thin layer 
and with the patient in the prone position. The typical HRCT features of IPF is 
represented by the UIP pattern composed by the following elements: 

- Predominant subpleural and bilateral irregular reticular opacity with 
peripheral distribution 

- Basal, bilateral and subpleural honeycombing (cystic areas with wall defined 
from 3-10 mm in diameter) 

- Multiple traction bronchiectasis and bronchioloectasis 
- No other features listed as "Inconsistent UIP" (Upper or mid-lung 

predominance; Peribronchovascular predominance; extensive ground glass 
abnormality (extent greater than reticular abnormality); profuse micronodules 
(bilateral, predominantly upper lobes); discrete cysts (multiple, bilateral, 
away from areas of honeycombing); diffuse mosaic attenuation/air-trapping 
(bilateral, in three or more lobes); consolidation in bronchopulmonary 
segment(s)/lobe(s)). 

The guidelines introduced also a new pattern called possible-UIP in which 
are the predominant subpleural and bilateral irregular reticular opacity with 
peripheral distribution are present in the absence of honeycombing (3). 
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Histology 

The pathological picture of IPF is the "Usual Interstitial Pneumonia" (UIP) 
characterized by destruction of lung architecture with fibrosis and fibroblasts 
foci and myofibroblasts, honeycombing with irregular involvement and 
distribution within the acinar and lobular periphery. The peripheral subpleural 
parenchyma is generally more interested. The inflammatory reaction observed 
is always mild. The fibrotic zones appear in different stages of maturation, with 
dense areas of acellulate and scattered foci fibroblast collagen deposition. 
Typical areas of honeycombing are composed of cystic fibrotic airspaces, often 
covered with bronchiolar epithelium and filled with mucin. A homogeneous 
hyperplasia of smooth muscle cells commonly found in fibrotic areas, and in 
particular in the areas of honeycombing. The spatial and temporal 
heterogeneity of alterations are a typical presentation of UIP: next to fibrotic 
areas will appreciate honeycombing areas and areas of normal parenchyma (3).  

The UIP pattern is not exclusive of IPF, but it can be found in other lung diseases 
and systemic diseases with lung involvement (eg. Systemic sclerosis, 
rheumatoid arthritis, polymyositis, dermatomyositis, Asbestosis, vasculitis, etc.) 
(3). 

Based on the presence of the mentioned features the pathological picture can 
classified as UIP, probable-UIP, possible-UIP and inconsistent-UIP. The 
combination the HRCT pattern with the hystological’s allow to make a final 
diagnosis of IPF (yes/no/probable) (3). 

 

Pulmonary function test (PFT) 

The most frequent pulmonary functional alteration in IPF is the restrictive 
respiratory defect. The alveolar capillary diffusion capacity for carbon 
monoxide (DLCO) is reduced from the early stages of the disease; in particular 
the DLCO has proved more sensitive than spirometry in the identification of 
early lung function abnormalities. FVC showed to be a robust functional 
indicator and with a prognostic meaning (77). In some patients, particularly in 
who had a tobacco history, the presence of an obstructive ventilatory defect can 
be demonstrated. However, in patients with the concomitant presence of 
emphysema (pulmonary fibrosis combined with emphysema, CPFE) the lung 
volumes are often preserved with the only alteration of DLCO. The 
ATS/ERS/JRS/ALAT Guidelines define as negative prognostic factors 
(associated with increased risk of mortality and disease progression) a decline 
in FVC of 10% and DLCO of 15% at 6 or 12 months (78). 

 

6-minute walking test (6MWT) 

The 6MWT and the more complex cardiopulmonary exercise test (CPET) are 
believed to be more sensitive than PFT in identifying early pulmonary 
alterations in IPF patients (79). The 6MWT has demonstrated, in several studies, 
to have a predictive value for mortality (80, 81).  
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Echocardiogram 

Echocardiography is helpful in IPF patients to identify segmental alterations 
and to estimate indirectly the presence of PH. The prevalence of PH varies from 
31% to 85% and results in a poorer prognosis. Generally, it tends to develop in 
the advanced stages. However, it has been identified a subgroup of patients in 
whom PH develops in the early stages of IPF. The use of right heart 
catheterization, which remains the gold standard for the diagnosis of PH, is to 
be given to screening of patients to be listed for lung transplantation or specific 
clinical trials (82). 

 

Serology 

The Guidelines encourage the connective tissue diseases screening by serology 
even in the absence of signs or symptoms of specific diseases. Rheumatoid 
factor, anti-citrulline antibodies, ANA and ENA screening are recommended (3), 
although it should be noted that in 30% of patients with IPF positive 
rheumatoid factor and ANA could be found (83). 

 

Bronchoalveolar lavage (BAL) 

BAL allows excluding infections and can be useful in the differential diagnosis of 
various forms of ILD. For example, in sarcoidosis, in NSIP and hypersensitivity 
pneumonitis an increased of lymphocytes can be found (84, 85). Although no 
specific cellular composition of BAL is associated to IPF, it is common to have an 
increase in total cellularity, associated with neutrophilia (in 70% of cases) and 
eosinophilia (in 40-60% of cases) (86, 87). 

 

Transbronchial biopsy (TBB) and cryobiopsy 

In the small samples obtained with transbronchial biopsy it is difficult to 
identify the UIP pattern, in fact, the sensitivity of the methodology is very low 
(30%) and is not currently recommended, although it could be reasonable in 
some entity in close differential diagnosis with IPF, such as hypersensitivity 
pneumonitis and sarcoidosis (3, 88). The cryobiopsy is carried out with the use 
of the rigid bronchoscope and allows obtaining larger lung tissue samples than a 
convectional transbronchial biopsy. In the majority of cases cryobiopsy is 
sufficient to make a conclusive pathological diagnosis of UIP without the need of 
VATS surgical biopsy. However, to date there is no consensus on the use of this 
technique and the available data are still poor (89, 90). 

 

COURSE AND PROGNOSIS 

IPF prognosis is poor with a median survival that varies from 2 to 5 years. The 
five-year survival is estimated at about 20% (91, 92).  
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The natural history of the disease is also influenced by the presence of 
comorbidities (93, 43); among them, a negative prognostic impact has been 
demonstrated for pulmonary hypertension (59) and lung cancer (62). 

The clinical course of IPF is highly heterogeneous; three different clinical 
phenotypes were identified with variable prognosis (3): 

1. Stable or slowly progressive, in which the disease proceeds gradually and 
slowly over the years 

2. Accelerated, in which the disease is progressing rapidly 
3. Acute Exacerbation, in which the disease shows a rapid worsening of the 

disease in the absence of infection, pulmonary embolism or other identifiable 
causes. 

Several prognostic index have been proposed based on pulmonary physiology 
combined with demographic and radiological data (Physiologic Composite 
Index, CPI and GAP Index) and based on serum biomarker measurements 
(Personal Clinical and Molecular Mortality Index, PCMI) (94-96) 

 

Acute exacerbations 

The acute exacerbations (AE) of IPF are events defined as a rapid deterioration 
of illness of unknown origin. Risk factors for AE include: RGE, respiratory 
infections and surgeries (especially surgical lung biopsy and lobectomy) (89). 
Prognosis of those events is very poor: short-term mortality is higher than 50% 
(97). 

Collard et al (92) have identified five diagnostic criteria of AE: 

- Diagnosis of IPF 
- Worsening of dyspnea or gas exchange with reduction of PaO2> 10 mmHg 

within 30 days 
- Presence of new ground-glass and/or consolidations parenchymal at HRCT 
- Exclusion of viral, bacterial or opportunistic infection 
- Exclusion of pulmonary embolism, cardiac failure or other known cause. 

The treatment of the AE-IPF remains empirical, in the absence of randomized 
controlled trials proving the efficacy of a specific treatment regimen (92). 
Oxygen therapy, even at high flows, is always indicated and should be 
modulated according to the severity of hypoxemia.  The non-invasive or 
invasive mechanical ventilation in these patients has given little satisfactory 
results, therefore, is not recommended in most patients (98). In exceptional 
cases, especially in patients awaiting lung transplant, extracorporeal membrane 
oxygenation (ECMO) can be considered, even if results are poor (99).  
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THERAPY 

Steroid therapy 

In the past the use of steroids has been at the basis of treatment of IPF, although 
not supported by any scientific evidence (100). The effectiveness of high-dose 
corticosteroids, as monotherapy or in combination other immunosuppressants, 
such as cyclosporine, is reported anecdotally in AE events of the disease, but 
there are no randomized controlled trials with placebo for evaluating the 
effectiveness of this therapy in patients with IPF (101, 102).  

The PANTHER study showed an increase in morbidity and mortality in IPF 
patients treated with prednisone and azathioprine compared to placebo (103).  

 

N-acetylcysteine  

The N-acetylcysteine (NAC) has long been used in clinical practice in view of its 
antioxidant activity. In support of this thesis the IFIGENIA trial of 2005 showed 
that the addition of NAC at prednisone and azathioprine significantly reduced 
the decline of FVC after 12 months (104). These results were not confirmed by 
the PANTHER study (103, 105). The ATS/ERS/JRS/ALAT guidelines pose a 
weak recommendation against the use of NAC alone and a strong 
recommendation against the use in combination of NAC with corticosteroids 
and azatioprina (102). 

 

Anticoagulant therapy 

Currently the use of warfarin or other vitamin K antagonists is not 
recommended in patients with IPF (strong recommendation against the use of 
warfarin) (102). After the first encouraging reports of anticoagulant therapy in 
IPF (106), a phase III randomized, placebo-controlled and double-blind, and 
some real-life studies showed a negative impact of such therapies in IPF (107, 
108). 

 

Other immunosuppressants 

Several prospective randomized placebo-controlled clinical evaluated the 
effectiveness of treatment with cyclosporine A, interferon Gamma, etanercept, 
imatinib in patients with IPF without achieving satisfactory results (109-113). 

 

Stem cell therapy 

A clinical clinical trial has shown promising results with endobronchial infusion 
of stem cells derived from autologous adipose tissue cells in 14 patients with 
IPF (114). The authors did not report any serious adverse events. However, the 
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poor knowledge on the possibility of differentiation of these cells within the 
profibrotic microenvironment, and the absence of information about the timing 
of the most appropriate intervention, the best mode of administration 
(intravenous or endobronchial), the frequency of administration and the cells 
source to be used, still make these therapies inapplicable.  

 

Antagonists of endothelin receptor  

The receptors for the endothelin (receptor A and B) have been postulated 
implicated in the fibrotic mechanism (115, 116). Placebo-controlled clinical 
trials evaluating Bosentan, Ambrisentan and Macitentan in IPF showed no 
significant effects on mortality or on pulmonary functional parameters (117-
119). 

 

Phosphodiesterase-5 inhibitors  

Sildenafil, an inhibitor of 5-phosphodiesterase, has proven able to improve 
some clinical parameters in IPF (dyspnea index and quality of life), although the 
primary end-point (increase in walked distance at 6MWT) was not met (120). A 
subsequent analysis showed an increase in the walked distance and 
achievement of secondary end-points in patients with demonstrated ventricular 
hypertrophy with systolic left or right ventricular dysfunction (RVSD) (121). 
However, the guidelines suggested not using Sildenafil in patients with IPF 
(weak recommendation not to use) (102). 

 

Pirfenidone 

The Pirfenidone was approved both by the EMA (June 2011) and the FDA 
(October 2014) on the basis of the results achieved by clinical randomized 
controlled trials with placebo, which showed a statistically significant reduction 
in the decline of FVC in patients with IPF (122-124). 

A Japanese phase III study firstly showed the positive effect of pirfenidone at the 
dose of 1800 mg/die (122). The CAPACITY trials demonstrated a statistically 
significant reduction in the decline in FVC after 72 weeks of treatment (123). 
Lastly, the US study ASCEND confirmed the significant reduction of the 
progression of the disease (as a decline in FVC> 10%) and mortality in the 
group of patients undergoing treatment (124). 

Pirfenidone was marketed first in India and Japan and later in some European 
countries, Canada, China, South Korea, Argentina, and since October 2014 in the 
US too. In Italy, the long legislative process for the approval of the drug was 
completed in June 2013, when the Italian Drug Agency (AIFA) has authorized its 
marketing.  
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Nintedanib 

The Nintedanib (BIBF 1120) is an inhibitor of the tirosin kinase receptor of 
vascular endothelial growth factor (VEGF), fibroblast growth factor receptor 
(FGFR) and receptor of the platelet-derived growth factor (PDGFR) (125). 

The phase II study TOMORROW demonstrated a significant effect of reducing 
the loss of lung function (assessed by FVC and DLCO) and a reduction of 
episodes of AE (125). The next phase III study INPULSIS confirmed a reduction 
in the decline of FVC (126). In April 2016, the Italian Drug Agency (AIFA) has 
authorized its marketing. As well as for Pirfenidone, specific prescribers centres 
have been identified regionally.  

 

Lung transplant 

In view of the poor prognosis of IPF, lung transplantation is an appropriate 
option for a selected group of patients. Over the past 30 years, the number of 
transplants performed worldwide has increased to about 3,000 per year. The 
main indications for lung transplantation include chronic obstructive 
pulmonary disease, cystic fibrosis, and IPF. The percentage of transplants for 
IPF has steadily increased, especially in the last ten years. Patient with IPF has a 
median survival from diagnosis between 2.5 and 3.5 years and the clinical 
course in the individual patient appears unpredictable at the diagnosis making 
mortality on the waiting list still high. Therefore, patients newly diagnosed with 
IPF, especially in Countries where a long waiting list is expected, should be 
immediately referred to transplantation, delay results in increased mortality 
(127).  

 

Symptomatic and supportive therapies 

The long-term oxygen therapy is recommended in patients with IPF when 
resting hypoxemia is present (128). 

Despite recent important therapeutic advances, IPF is still marked by poor 
prognosis, quality of life and significant restriction of activity. Respiratory 
rehabilitation is still struggling to establish itself as a common practice in the 
treatment of IPF (129). In the 2011 Guidelines, despite the weak level of 
recommendation, it was suggested to recommend rehabilitation to most 
patients (102). 

GER is common in IPF and is often asymptomatic suggesting the use of proton 
pump inhibitors and H2 receptor antagonists (130, 131). 
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NON-SPECIFIC INTERSTITIAL PNEUMONIA  

 

DEFINITION 

The term non-specific interstitial pneumonia (NSIP) was coined in 1994. It was 
supposed to be a temporary entity, but over time has taken its own dignity and 
it was decided to keep it within international classifications. NSIP can presents 
as an idiopathic disease (i-NSIP) or could be expression of pulmonary 
involvement of systemic diseases (particularly CVD) or due to exposure to 
exogenous factors (2, 132). 

 

EPIDEMIOLOGY 

Exact incidence and prevalence are unknown. Based on retrospective data 
collected from cohorts of patients with NSIP and IPF, some authors have 
estimated a variable prevalence between 1 and 9/100.000 (133). The 
determination of the actual incidence and prevalence of ILD is one of the goals 
of the ATS study project on idiopathic NSIP (134). Surely, NSIP is a rare disease, 
but including 15-30% of all IIP, represents the most common form after IPF 
(135). 

The age at onset is generally lower than IPF and wanders around the 5th decade 
(136). Predominantly it affects Caucasian individuals and is slightly more 
common in the female not smoker population (134). 

 

CLINICAL PRESENTATION 

i-NSIP is usually progressive and is characterized by the appearance of non-
specific symptoms such as wheezing and cough, which sometimes are 
accompanied by constitutional symptoms such as fatigue and weight loss (134, 
137).  

Physical examination shows inspiratory crackles (often basal and bilateral, but 
that may also be present on the entire lung field) and the presence of finger 
clubbing (137, 138). 

Pulmonary function tests show a restrictive functional defect associated with a 
variable reduction DLCO (134, 137, 139). 

The evolution of NSIP is unpredictable: unlike IPF, the therapy allows in many 
cases to stabilize the disease’s course, or even to improve the clinical and 
radiological picture. However, in a minority of patients, NSIP assumes a 
progressive and refractory behaviour, leading the patient to chronic respiratory 
insufficiency and death (140). 
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PATHOLOGY  

NSIP is currently recognized as an independent entity belonging to IIP (2). 

From the histopathological point of view, this form is characterized by the 
presence of a variable interstitial inflammatory infiltrate, temporally uniform, 
associated with areas of more or less extended fibrosis (141, 142). The 
temporal uniformity is one of the main criteria that distinguish it from the UIP 
pattern, in which the advanced fibrosis with honeycombing areas are associated 
with others where the lung parenchyma is normal (3). 

The typical interstitial inflammatory infiltrate in NSIP is composed by 
lymphocytes and plasma cells; fibrosis, when present, is made up of collagen 
and fibroblasts (143). A marked architectural distortion is often absent (140). 

Katzestein and Fiorelli had identified three forms of NSIP, which were 
distinguished from each other by the degree of inflammation and fibrosis; more 
recently the classification has been simplified and now stand of two categories 
of disease (140, 144): 

- Cellular NSIP: (less than 20% of the cases of NSIP) it is characterized by the 
presence of a mild-moderate interstitial inflammatory infiltrate consisting 
mainly of lymphocytes and plasma cells, in uniform distribution over the 
entire lung area and the presence of hyperplasia of type II pneumocytes. The 
parenchymal architecture is generally well preserved, with limited or absent 
interstitial fibrosis areas. 

- Fibrotic NSIP: it is characterized by the presence of interstitial fibrosis in 
uniform distribution, whether or not associated with a mild to moderate 
inflammatory interstitial infiltrate. Sometimes there are areas of 
honeycombing, but fibroblastic foci are generally absent. 

Other histological features (eg. fibroblast foci, OP, lymphoid follicles, 
intraalveolar macrophages) can be sometime observed (134). Moreover, the 
presence of NSIP at histologic examination does not exclude invariably that of 
other IIP, especially the UIP. Flaherty et al. have shown that the majority of 
samples from lung biopsies and explanted lungs of patients with IPF also had 
some characteristics of NSIP (145). The overlap of patterns including UIP, HP 
and OP have been observed and make differential diagnosis difficult and often 
not conclusive by the only pathological point of view (136, 137). The presence 
of a mixed NSIP and UIP patterns seems to identify patients with worse 
prognosis (146, 147). 

 

RADIOLOGICAL IMAGING 

The chest X-ray in patients with NSIP generally highlights interstitial thickening 
and/or infiltration predominantly in the lower lobes (132).  

The high-resolution chest CT (HRCT), although not always specific because the 
heterogeneity of the disease, commonly shows the presence the ground-glass 
(GG), which can even be the only radiological sign of NSIP. Other common 
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abnormalities include reticular interstitial thickening, traction bronchiectasis 
and loss of volume. The distribution can vary, but most commonly affects the 
lower lobes, bilaterally (148, 149). A modest subpleural sparing is common, 
although not pathognomonic of NSIP (150). Honeycombing could be rarely 
found in NSIP (approximately 5%) (134). In these patients prognosis is 
normally worst (151). The modification from the NSIP pattern to a consistent 
UIP has been documented (152). 

 

DIAGNOSIS 

The diagnosis of NSIP is based on a combination of clinical, radiological and 
histopathological data. However, unlike other ILD, the diagnosis of idiopathic 
NSIP is essentially a diagnosis of exclusion, as the NSIP pattern could be present 
in different pathological entities. Exclusion of autoimmune disorders, drug, 
environmental and occupational exposure is mandatory (132). 

BAL cellular analysis plays an important role; in the majority of patients with 
NSIP, particularly in the cellular phenotype, a high percentage of lymphocytes is 
present (153, 154). A multidisciplinary approach between pulmonologist, 
radiologist and pathologist for the joint achievement of a definitive diagnosis is 
mandatory (132).  

 

PROGNOSIS 

The prognosis of NSIP is considerably better than that of IPF: the mortality rate 
at 5 years is approximately 20% (155, 156). 

Histologic features can be useful for predicting the prognosis. Travis et al. 
showed a better 5-year survival in patients with cellular NSIP with respect to 
the fibrotic form (140). Moreover, Hozumi et al. reported that subjects with a 
greater extent of ground-glass than the fibrotic areas have more often a 
favourable outcome (157). The presence of honeycombing on the contrary 
would adversely affect the prognosis (134). At pulmonary function test, FVC 
reduction > 10% at 12 months is a highly negative prognostic factor (158). 
Regarding to BAL analysis, a high percentage of lymphocytes has been 
associated with a higher sensitivity to the treatment and a better survival rate 
(153). 

 

THERAPY 

Unlike as other ILD, the pharmacological treatment allows in most cases of NSIP 
to stabilize and even to improve the disease. The cellular form of NSIP presents 
better prognosis with high rate of response to therapy, while the behaviour of 
fibrotic form of NSIP is often more similar to IPF (132). Medical therapy is 
principally based on immunosuppressants: corticosteroids are the agents of 
first choice; cytotoxic agents such as azathioprine, cyclosporine or 
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mycophenolate mofetil, are used in combination or sometimes in place of 
corticosteroid treatment (151, 159, 160). Some encouraging results have been 
described with the use of Rituximab in patients with NSIP associated to CVD 
(161). Recently, the use of cyclophosphamide in cases refractory to treatment 
with other immunosuppressants showed favourable results (162, 163). 
Currently, many authors suggest starting treatment with a dose of 0.5 
mg/kg/day of prednisone (or a total dose of 40-60 mg, without adjustment for 
body weight). Generally, the starting dose is maintained for about 1 month, after 
which it begins to be reduce gradually (155, 158, 159, 164). The ideal duration 
of treatment is still not known (165). 
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THE ROLE OF THE BAL IN INTERSTITIAL LUNG DISEASES 

The bronchoalveolar lavage (BAL) was introduced into the clinical scenario in 
the second half of the 80s and over time has become a routine examination in 
the evaluation of patients with respiratory disorders (166, 167). In many 
conditions, including ILD, BAL has also contributed to increasing the 
understanding of the underlying pathogenic mechanisms (168). 

In the statement on IPF of 2000 (181), it was suggested to perform BAL and 
transbronchial biopsy in those patients who had not been able to undergo 
surgical lung biopsy (182, 153). However, the lack of standardization of the 
methodology and the heterogeneity of the populations studied, have made it 
difficult to compare results and have led to contradictories conclusions (157, 
183-187). For this reason, in the 2002 ILD classification as well as in the 
subsequent 2011 guidelines on IPF, the analysis of BAL was no longer 
recommended in the diagnostic process (1, 3). In many patients, however, it is 
not easy to reach a definitive diagnosis based on the HRCT and the SLB is often 
not feasible (188). 

With regard to IPF and NSIP, available studies on the cellular composition of 
BAL have reported conflicting results. Ryu et al. have shown that the BAL may 
have both a diagnostic role (significantly greater percentage of neutrophils in 
IPF than NSIP and vice versa as regards the percentage of lymphocytes) (153), 
than prognostic: an increase in the number of neutrophils and a reduction of 
lymphocytes would be associated with a worse prognosis; Also other authors 
have identified an increase in neutrophils as a predictor of mortality for IPF 
(190, 191). However, other studies have not reproduced these results, 
downsizing the importance of this methodology in the diagnosis of these 
diseases (154, 192). 

The presence of lymphocytes suggest different diagnoses than IPF, in 
particularly these cells are found in NSIP (especially in the cellular variant), 
cryptogenic organizing pneumonia (COP), hypersensitivity pneumonia (HP) and 
lymphocytic interstitial pneumonia (LIP) (193-195). The smoking-related ILD 
instead, especially the desquamative interstitial pneumonia (DIP), are 
characterized by the presence of macrophages and eosinophils, sometimes to 
levels comparable to those observed in eosinophil pneumonia, in which BAL is 
diagnostic per se (196-200). The lymphocytes subpopulations are of interest in 
sarcoidosis and HP. A lymphos CD4/CD8 ratio > 3.5 ratio is considered highly 
specific for sarcoidosis (201, 202); while, on the contrary, in HP is frequently 
found reduced (195).  

The suggestion to avoid the BAL in patients with suspected IPF in the most 
recent IPF guidelines (3) is therefore open to criticism: there is a minority of 
cases in which the chest HRCT shows a UIP pattern, but an alternative diagnosis 
(such as chronic HP or i-NSIP) would be reconsidered after the discovery of 
high percentage of lymphocytes in BAL (194). 

The analysis of BAL can also reveal the presence of "unexpected" diagnoses that 
can mimic a fibrotic ILD, such as pulmonary lymphoma, eosinophilic pneumonia, 
pulmonary alveolar proteinosis, pulmonary Langerhans’ cell histiocytosis, 
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chronic alveolar hemorrhage, lipidic pneumonia, occupational diseases 
(asbestos) and bronchiolitis (195, 202-205).  

In conclusion, BAL is the method with lower risk among those invasive (or semi-
invasive) that can increase the diagnostic accuracy in patients with ILD, 
particularly in who HRCT features are not specific, adding important 
information to those patients who can not or do not agree to undergo to 
invasive procedures such as surgical lung biopsy (200, 202). 
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BIOMARKERS OF PULMONARY FIBROSIS  

Several biomarkers in peripheral blood or bronchoalveolar lavage fluid have 
been studied in patients with ILD (206), however at the moment there are no 
biomarkers universally recognized in clinical practice.  

• Krebs von den Lungen 6 (KL-6) (mucin 1) is a glycoprotein, encoded by MUC1 
gene, expressed on the extracellular surface of alveolar epithelial type II cells 
and the airway epithelial cells. Its precise function is unknown, but it is believed 
that it can promote the migration, proliferation and survival of fibroblasts in the 
lung (207). In the serum of patients with IPF, high levels of KL-6 have been 
documented (207). In the East, and especially in Japan, serum KL-6 is 
considered an emerging biomarker for the diagnosis and prognosis of IPF (208, 
209). In a recent work by an Irish group, significantly higher concentrations of 
KL-6 have been described in the serum of IPF patients than healthy controls and 
patients with Systemic Sclerosis with or without pulmonary involvement (210). 
The increase in the KL-6 has also been found in the BAL fluid of patients with 
different ILD, including IPF (211). Recent studies have shown that the basic 
level of serum KL-6 may play a role in predicting the appearance of AE events 
(212). Some authors have described an increase in serum levels of KL-6 also in 
the serum of patients with fibrotic NSIP correlating with the extension of 
fibrosis on HRCT (213). Many authors currently consider KL-6 the most reliable 
serum biomarker among those currently available in IPF patients (214). 

• Calgranulina B (S100A9 / MRP14) is a small calcium-binding-protein with 
various immunological functions, mainly involved in chronic inflammation. It 
can contribute to neutrophils recruitment, the oxidant-antioxidant balance, to 
neutrophils’ adhesion to fibronectin and apoptosis regulation. In several recent 
works it has reported an increase in its concentration in the BAL fluid of 
patients with IPF, greater than that found in patients with other ILD (eg. 
Sarcoidosis, NSIP, pulmonary fibrosis associated with connective tissue disease) 
(215-217). 

• Pepsin: In light of recent evidence, which suggested a pathogenic role of RGE 
and of airways micro-aspiration of the gastric content in the development of IPF, 
some authors have assessed the levels of pepsin in BAL fluid of patients with 
IPF: in these studies pepsin were found higher in subjects with IPF than with 
other ILD or healthy controls (218). In an other study, it has been described an 
increase of pepsin levels in BAL in the course of acute exacerbation of IPF (219). 

• MMPs (metalloproteinases) are protease involved in the degradation of the 
extracellular matrix. Elevated levels of MMP 1 and 7 were found both in plasma 
and in BAL of patients suffering from IPF (220); Morais et al, in a recent work, 
have described serum levels of MMP 1 and MMP 7 significantly higher in 
patients with IPF than those with other ILD (221). Elevated levels of MMP 2 
instead would be more frequent in the case of fibrotic NSIP (222, 223). 

• CCL18 is a protein produced by activated alveolar macrophages that acts as a 
chemotactic factor and stimulates collagen production by lung fibroblasts. It is 
increased both in plasma and in BAL fluid of patients with IPF and have been 
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found to correlate negatively with the total lung capacity (TLC) and with DLCO 
(224, 225). 

• VEGF is a glycoprotein that is expressed by alveolar epithelial cells and 
regulates angiogenesis, inducing vascular permeability. Its serum level may be 
indicative of the extent of pulmonary fibrosis because correlates with the 
alveolar-capillary oxygen difference (226). mRNA levels of VEGF are higher in 
patients with NSIP than IPF, witnessing a possible pathogenic role of 
neovascularization in early intra-alveolar fibrotic lesions (223). 

• Periostin is a component of the extracellular matrix that has been shown to 
contribute to the fibrosis development not only in the lung, but also in the heart 
and bone marrow. It is more strongly expressed in both lung tissue and serum 
of patients with IPF and fibrotic NSIP than other ILD (227).  

• Fibulina-1 is produced by lung fibroblasts and increased levels were found in 
serum, lung tissue and in primary cultures of fibroblasts of patients with IPF 
(228, 229).  

• Circulating fibrocytes are bone marrow-derived cells that represent 0.1-0.5% 
of circulating peripheral blood cells. They are able to produce collagen and 
other extracellular matrix components, enzymes, cytokines and growth factors. 
Their involvement in the pathogenesis of not only pulmonary fibrosis, but also 
in other fibrotic disorders such as hepatic fibrosis and systemic sclerosis has 
been postulated (230). In a study by Moeller et al. emerged an increase in the 
expression of circulating fibroblasts in IPF compared to healthy controls, with a 
correlation between clinical stable disease, survival and lower blood levels of 
these cells (231).  

• Surfactant Protein A and D have been found elevated in serum levels of 
patients with IPF compared with healthy controls and patients with other ILD; 
their levels also correlate inversely with survival in IPF patients (232, 233). A 
low immunohistochemical expression of SP-A in the epithelial cells in areas 
affected by fibrosis (alveolar epithelial cell regenerative/hyperplastic) would 
indicate a worse prognosis (234). 
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3. OBJECTIVE OF THE STUDY 

 

The bronchoalveolar lavage plays a leading role in the differential diagnosis of 
ILD. In particular, the analysis of the cellularity of BAL is able to provide 
valuable information on the composition of the alveolar environment (202). 
However, over the years the clinical utility of BAL in the diagnostic workup of 
IPF has been resized, reserving it for cases where a diagnosis of certainty cannot 
be reached only through the clinic and the HRCT examinations and in which is 
not possible to precede to lung biopsy (2, 3). 

The BAL is also an important source of molecules and mediators involved in the 
pathogenesis of the diseases, which recognition can give useful information on 
pathologic mechanisms and pathways and for the identification of biomarkers 
with diagnostic and prognostic meaning. 

The objectives of the present study were: 

- To analyse the cellular composition of BAL of patients with IPF and i-NSIP, 
with particular regard to the role of neutrophils, lymphocytes and eosinophils 
and their relationship with the clinical course. 

- To establish the levels of KL-6, Calgranulin B and Pepsin in BAL of patients 
with IPF and i-NSIP and a group of healthy controls to evaluate their potential 
clinical use as diseases’ biomarkers. 
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4. MATERIALS AND METHODS 

 

POPULATION 

In the present study were included 60 patients suffering from IPF (n = 30; males 
n = 24; age = 68.73 ± 8.63 years) and idiopathic-NSIP (fibrotic NSIP pattern) (n 
= 30; males n = 17; age = 68.33 ± 7.45 years). Patients who undergone 
bronchoscopy as part of a diagnostic path, resulting not affected by any lung 
diseases, composed the healthy control group (n = 4; males n = 3; age = 61.36 ± 
15.20 years). All patients were diagnosed and followed at the Regional 
Reference Centre for Sarcoidosis and other Interstitial Lung Diseases of the 
Respiratory Diseases and Lung Transplant Unit, Department of Medical, Surgical 
and Neurological Sciences, University of Siena, Italy. All participants provided 
their informed consent for the participation to the study. 

The diagnoses of IPF and i-NSIP have been made according to guidelines (2, 3, 
102). All diagnoses were defined by multidisciplinary discussion (MDD) at the 
presence of at least two pulmonologists, one radiologist and one pathologist 
experts in ILD. One patient had undergone lung biopsy by VATS for a 
histological diagnosis. The healthy controls had no respiratory diseases; lung 
function parameters were normal and were not taking any medication at the 
time of the BAL. All clinical, radiological and functional data and the BAL 
samples were collected at the time of diagnosis; patients included in the study 
had never received prior treatment with steroids, other immunosuppressive or 
antifibrotic drugs. Of all patients we collected: demographic data, smoking 
status, respiratory functional data (pulmonary function tests (PFTs) and DLCO, 
arterial blood gases analysis (BGA) and 6-minutes walking test (6-MWT) and 
comorbidities present at the time of diagnosis. Clinical and functional data at 6, 
12 and 18 months follow-up and survival were also collected. PFTs and 6-MWT 
were performed in accordance to guidelines (235, 236). 

 

BRONCHOALVEOLAR LAVAGE 

The bronchoalveolar lavage (BAL) was performed for diagnostic reasons in 
accordance with the ATS specific guidelines (202). The differential cell count 
was performed in all patients, together with the study of lymphocyte phenotype. 
BAL was performed as described: the samples were obtained after instillation of 
3-4 aliquots (each 40 ml) of saline solution through a fiberoptic bronchoscope 
(Olympus E-10) in the middle lobe or the lingual bronchus. The liquid recovered 
from the washing was placed in sterile containers, immersed in ice. As a rule, 
the first sample recovered, with characteristics closer to those of the bronchial 



 27 

environment, was separated from the subsequent aliquots of alveolar origin. 
The samples were placed in culture for the detection of bacteria, fungi and 
viruses, in order to exclude any infections. BAL was then worked in a sterile 
fume cupboard with laminar flow. After filtration through a sterile gauze layer, 
BAL filtrate was centrifuged for 10 minutes at 1500 rpm at 5° C to obtain both 
the cellular sediment (pellet) and the supernatant. The differential cell count 
was then performed using the Burker cell counting chamber. The lymphocyte 
phenotype was analyzed by flow cytometry (Becton & Dickinson FACS-Calibur), 
using a panel of monoclonal antibodies including anti-CD3, -CD4, -CD8, -CD56, 
and -CD19. 

 

BIOMARKERS DETERMINATION 

A modified sandwich enzyme immunoassay (EIA) commercially available kit 
was utilized for the KL-6 determination (MICRO Cup- TYPE ENZYME 
Immunoassay Test Kit ). A 1:10 dilution of samples was chosen to bring the 
signal (OD) in the range of the method. The concentrations of Calgranulin B in 
BAL of patients and controls were determined with a commercially ELISA kit 
(Promokine Human MRP14 ELISA).The concentrations of pepsin were 
determined through a modified commercially available ELISA kit (CUSABIO 
Human Pepsin PG ELISA kit).  

 

STATISTIC ANALYSIS 

Non-parametric statistics was applied in the present study. To compare the two 
groups the Mann-Whitney U test was used, for two or more groups was used the 
Kruskal-Wallis test. Correlations were studied through the Spearman’s test. 
Survival analysis was performed by Kaplan-Meier curves. The significance was 
considered for p <0.05. All data are expressed as mean ± standard deviation. 
The statistical analysis was performed by StatSoft (2001) and Graph Pad Prism 
4.0. 
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5. RESULTS 

The demographic characteristics together with PFTs, 6MWT, BGA and BAL data 
of the patients and of healthy controls included in the study are reported in 
table 1. Patients with IPF were predominantly male (80%) with a history of 
cigarette smoking in the majority of cases (63.33%). Patients with i-NSIP were 
predominantly smokers or former smokers (63%), the distribution between the 
sexes was indifferent (male 56.6%). No statistically significant differences in the 
demographic characteristics or smoking habit of IPF, i-NSIP patients and 
controls were found. 

Pulmonary function tests at baseline showed in both groups of patients on 
average a moderate restrictive ventilatory defect and a moderate-to-severe 
reduction degree of the DLCO with no significant differences. In the i-NSIP 
group, at the same degree of restriction of IPF patients, a significant 
preservation of residual volume (RV) was noted (p <0.05). No other significant 
differences were found between the two groups. There were no significant 
differences between the two patients' groups about 6MWT and BGA parameters.  

 

ANALYSIS OF CELLULAR BAL COMPOSITION 

Patients with IPF and i-NSIP showed a percentage of macrophages in BAL 
significantly lower than healthy controls (p <0.05); no other differences were 
found a part of a trend towards an increase in neutrophils and eosinophils in 
patients compared with controls. We did not observe any statistically significant 
difference about cellular composition and lymphocytes’ typing between IPF, i-
NSIP patients and controls (p> 0.05) (Tab. 1). 

Analysis of correlations of BAL cellular components with clinical and functional 
variables showed, in IPF patients, significant correlations of BAL neutrophils 
with FiO2 and SpO2% at rest (r = 0.42; p <0.05; r = 0.48; p <0.05, respectively), 
final BORG dyspnea at 6MWT (r = 0.51; p <0.001) and DLCO worsening after 12 
months (r = 0.50, p <0.05). In i-NSIP patients, BAL neutrophils correlated with 
FVC %, RV%, TLC% and FiO2 at rest (r = -0.47; p <0.001; r = -0.51; p <0.001; r = 
-0.51; p <0.001; r = 0.36; p <0.05 respectively) and DLCO worsening after 6 
months (r = -0.70, p <0.05). 

 

BAL KL-6, CALGRANULIN B AND PEPSIN ANALYSIS  

KL-6 in BAL was significantly higher in the whole patients’ population (IPF and 
i-NSIP) than in healthy controls (p <0.05), while it did not significantly differ 
between the two patients’ groups (Tab. 2 and Fig. 1). Among patients with IPF, 



 29 

who already had a diagnosis of chronic respiratory failure (CRF) had levels of 
KL-6 in BAL significantly higher than who did not (p <0.05) (Fig. 2). The same 
result was not found among patients with i-NSIP. 

Statistically significant higher concentrations of Calgranulin B were found in 
BAL of both populations of patients (IPF and i-NSIP) than controls (p <0.05 and 
p <0.01, respectively) (Tab. 2, Fig. 3). No statistically significant differences 
were demonstrated between the two patients’ groups. In advanced IPF and i-
NSIP patients, a significant increase of Calgranulin B was found in patients with 
chronic respiratory failure (p <0.05) (data not shown). 

As regards the dosage of Pepsin in BAL, no significant difference was found 
between the IPF, i-NSIP and controls (Fig. 4). Among i-NSIP patients, smokers 
and former smokers showed a significant increase of pepsin in BAL than never-
smokers patients (p <0.05) (Data not shown); no difference was detected in the 
levels of KL-6 and Calgranulin B according to smoke habit. 

 

CORRELATIONS WITH CLINICAL AND FUNCTIONAL VARIABLES 

In the group of patients with IPF, it was observed a direct correlation between 
KL-6 and FiO2 at rest (r = 0.45; p <0.05) and with the amount of oxygen 
required for the compensation at the 6MWT (r = 0.61; p <0.001). In patients 
suffering from i-NSIP, the KL-6 significantly correlated directly with the 
percentage of eosinophils in BAL (r = 0.43; p <0.05) and indirectly with FVC% 
(r= -0.44; p <0.01), TLC% (r = -0.48; p <0.01), DLCO% (r = -0.4; p <0.05) and 
with the distance walked at the 6MWT (r = -0.49; p <0.01).  

In i-NSIP patients, Calgranulin B correlated directly with the percentage of 
eosinophils (r = 0.45; p <0.01) in BAL and indirectly with that of lymphocytes (r 
= -0.56; p <0.01) and with FEV1% (r = -0.39; p <0.05), TLC% (r = -0.44; p <0.01), 
DLCO% (r = -0.62; p <0.01), the PaO2 at rest (r = -0.52; p <0.01) and with DLCO 
worsening at 18 months of follow-up (r = -0.88; p <0.05).  

Considering the entire population (IPF and i-NSIP), significant direct 
correlations between KL-6 in BAL and FiO2 rest (r = 0.35; p <0.01), the FiO2 
required to compensation at the 6MWT (r = 0.42; p <0.01), and inverse with the 
distance walked at the 6MWT (r = -0.38; p <0.01) were demonstrated. The 
Calgranulin B was significantly associated with FiO2 at rest (r = 0.28; p <0.05), 
with eosinophilia in BAL fluid (r = 0.35; p <0.01) and inversely with 
lymphocytes’ percentage in BAL (r = -0.29; p <0.05).  

By analysing the correlations within the group of patients with IPF and i-NSIP 
who died at the end of the period of follow-up of 18 months (n = 11), we found 
significant correlations between KL-6 with the percentage neutrophils in BAL 
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(r= 0.76; p <0.05). In these patients Calgranulin B correlated with the 
percentage of macrophages (r = -0.81; p <0.01), neutrophils (r = 0.70; p <0.05), 
eosinophils (r = 0.79; p < 0.01) and FVC % (r = -0.67; p <0.05). About cellular 
BAL composition, neutrophils percentage showed to correlate with FEV1% (r=-
0.83; p <0.01), FVC% (r = -0.88; p <0.001), RV (r = -0.68; p <0.05), and TLC% 
(r=-0.81; p <0.01).  

The only correlation among the biomarkers in study we were able to 
demonstrated was between Calgranulin B and Pepsin (r = 0.27; p <0.05). 

 

ANALYSIS OF SURVIVAL 

In the present study, survival of IPF and i-NSIP patients did not differ 
significantly (Fig. 5).  

IPF patients surviving at 18 months follow-up had significantly higher levels of 
lymphocytes percentage in BAL than who died during the follow-up period 
(p<0.01) (11.35 ± 6.94 vs 1.82 ± 3%). By ROC analysis, it was identified the cut-
off of 6% to significantly predict survival (AUC 0,89, sensitivity of 100% and 
specificity of 69.5%, likelihood ratio 3.286, p = 0.01) (Fig. 6). In i-NSIP surviving 
18 months, lymphocytes were increased at limit of significance (17. 09 ± 18.88 
vs 5 ± 2.7). 

In the group of patients suffering from i-NSIP, the percentage of eosinophils in 
BAL was able to predict survival at 18 months. Through the ROC analysis, we 
identified the best cut-off of 13% (AUC 0.76, with sensitivity of 50% and 
specificity of 95.45%, likelihood ratio 11, p <0.05) (Fig. 7). 

Considering the whole group of patients, Calgranulin B showed a significant 
association with survival at 18 months; via the ROC analysis we identified the 
cut-off of 84.89 ng/mL (AUC 0,71, with 33.33% sensitivity and specificity of 
97,78%, likelihood ratio 11, p <0.05). In patients with i-NSIP the best cut-off 
identified was 68.32 ng/mL, (AUC 0.80, with a sensitivity of 66.67% and 
specificity of 91.3%, likelihood ratio 7.66) (Fig. 8). 
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6. DISCUSSION 

 

In the present study we analysed BAL cellular composition and levels of KL-6, 
Calgranulin B and pepsin in BAL fluid of patients with IPF and i-NSIP and in a 
group of healthy controls, in order to assess their effectiveness as clinical 
biomarkers. 

 

ANALYSIS OF CELLULAR BAL COMPOSITION 

The bronchoalveolar lavage (BAL) was introduced into the clinical scenario in 
the second half of the 80s and over time has become a routine examination in 
the evaluation of patients with respiratory disorders (167).  

In the present study, no significant differences in the cellular composition of 
BAL among IPF, i-NSIP patients and controls were found, with the only 
exception of the macrophages percentage. These cells were significantly lower 
in patients than in the control group, in relation to the relative increased 
presence of other cellular components in IPF and i-NSIP patients (a not 
significant increase of neutrophils and eosinophils was shown). Our results 
confirm the role of BAL in conjunction with other more specific tests in the 
differential diagnosis of ILD as proposed by other authors (154, 193). In our 
experience, it was not able to discriminate IPF from i-NSIP. This is probably due 
to the characteristics of the NSIP population enrolled in the present study. We 
included patients with a fibrotic NSIP phenotype clearly demonstrable at HRCT, 
in which BAL findings are known to be more similar to IPF in comparison to the 
cellular NSIP form where lymphocytes are commonly predominant (202). Our 
findings do not delegitimize the use of BAL in these patients, but underline its 
usefulness as a non-invasive (or semi-invasive) tool for a correct diagnosis, in 
particular for the exclusion of ILD with an inflammatory lymphocytic or 
eosinophilic predominance.  

A much great expectance is placed on the prognostic meaning of BAL. Our data 
confirm previous observation (190, 191) about the positive effect on survival of 
the presence of high lymphocytes percentage in BAL of IPF patients. We 
demonstrated a significant better survival in patients with more than 6% of 
lymphocytes in BAL. More than the active role of lymphocytes, in IPF a negative 
impact on the clinical course is supposed to be played by neutrophils, 
participating to the pathological mechanism of the disease (190). Therefore, it is 
like the imbalance toward the reduction of neutrophils in favour to lymphocytes 
to identify IPF patients with a better prognosis. In confirmation of this 
hypothesis, in both group of patients we demonstrated significant correlations 
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of BAL neutrophils with several variable of disease severity and progression 
(FiO2, SpO2% at rest, final BORG dyspnea at 6MWT and 12 months DLCO 
worsening in IPF patients; FVC%, RV%, TLC%, FiO2 at rest and 6 months DLCO 
worsening in i-NSIP patients). Furthermore, in our population of fibrotic 
patients who died within the follow-up period of 18 months, the percentage of 
neutrophils in BAL correlated with most important respiratory functional 
parameters (FEV1%, FVC%, RV% and TLC). These findings endorse the 
presence of neutrophils in BAL as markers of advanced and more clinical 
aggressive disease. Unfortunately, survival analysis by the Kaplan-Meier curves 
did not show significant differences according to neutrophilia in the BAL, 
probably because the relative small number of our population.  

Moreover, in the group of patients with i-NSIP a percentage of eosinophils in 
BAL > 13% was significantly associated with shorter survival. These data are of 
particular interest suggesting an involvement of these cells in the pathological 
process of NSIP (143-146). Data integration of BAL cellularity with the 
evaluation of other clinical, functional and humoral parameters is mandatory to 
increase the clinical utility of this tool. 

 

ANALYSIS OF BIOMARKERS 

In addition to the evaluation of the cellular composition of BAL, three mediators 
with a potential involvement in the pathogenesis of pulmonary fibrotic diseases 
were analysed in the fluid supernatant: KL-6, Calgranulin B and Pepsin. 

KL-6 is expressed on the surface of alveolar epithelial type II cells and on 
bronchial epithelial cells. It is believed that can promote the migration, 
proliferation and survival of fibroblasts in the lung (207). Various authors have 
described higher levels of KL-6 compared with healthy controls in serum and 
BAL of patients with IPF (207-209, 212). In the present study, we confirmed 
that KL-6 is increased in BAL of patients with pulmonary fibrosis (IPF and i-
NSIP) than in healthy controls, while it did not significantly differ between the 
two patients’ groups. KL-6 showed to be even more increased in advanced 
patients and its levels correlated with several variables of disease severity. In 
IPF patients, it was increased in patients with chronic respiratory failure and 
correlated directly with FiO2 at rest and with the amount of oxygen required for 
the compensation on effort at the 6MWT. In patients suffering from i-NSIP, it 
correlated directly with the percentage of eosinophils in BAL and indirect with 
FVC%, TLC%, DLCO% and with the distance walked at the 6MWT.  

Calgranulin B is a small calcium-binding-protein with various immunological 
functions, mainly involved in chronic inflammation; it also has been linked to 
participation to the regulation of apoptosis (15). Recently its involvement in the 
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development of several types of cancer was also described (240). In our study, 
statistically significant higher concentrations of Calgranulin B were found in 
BAL of both populations of patients (IPF and i-NSIP) than controls. Like KL-6, 
also Calgranulin B was found increased in advanced IPF and i-NSIP patients 
with chronic respiratory failure and an indirect correlation with DLCO 
worsening at 18 months of follow-up was shown in i-NSIP patients.  

Analysing the subset of the most severe patients (with less than 18 months 
survival), significant correlations between the levels of KL-6 and the percentage 
of BAL neutrophils and between Calgranulin B and the percentages of BAL 
macrophages, eosinophils, and neutrophils have been found. Furthermore, 
robust correlations with several functional parameters (oxygen-therapy need, 
6MWT and PFTs) have been herein firstly described.  

Calgranulin B also showed a significant correlation with survival in both group 
of patients, with particular high sensitivity in patients with i-NSIP, suggesting 
this molecule for a real clinical application with specific cut-offs we identified in 
the present work. 

These findings allow us to assume an active role of KL-6 and Calgranulin B in 
the pathogenic mechanisms involved in IPF and their increased expression 
during disease’s progression. These data confirm some our and other groups 
previous observations (215, 216, 239) and their potential clinical use as 
markers of disease severity. 

A possible role in the pathogenesis of IPF has been suggested for 
gastroesophageal reflux (RGE) (38). Microinhalation of the gastric content have 
been documented in IPF and some authors found increased levels of pepsin in 
BAL fluid of patients with IPF (39, 218, 219). In the present study we could not 
reproduce this data. We can speculate a possible influence of proton-pomp 
inhibitor (PPI) therapy on BAL pepsin measurements. Many of our patients 
actively took PPI at the time of the BAL collection (46.66% of IPF patients and 
73.33% of those with i-NSIP) and this could explain our findings. 

In recent years, many researchers have sought to identify biomarkers that can 
help to define the diagnosis and to predict the prognosis of the various forms of 
ILD, with particular regard to IPF, which represents the shape with poorer 
prognosis (2). The novelty of our study is that it assessed for the first time the 
KL-6 (made available in Europe only recently) in association with Calgranulin B 
and Pepsin, noting that the KL-6 and Calgranulin B are significantly increased 
compared to controls and correlated with many clinical and functional variables. 
In various studies, conducted mainly in Japan, have been proposed the use in 
combination of multiple biomarkers (KL-6, SP-A and SP-D) in serum for the 
diagnostic process of ILD (210). Data are controversial and recent observations 
confirm that their use in the differential diagnosis between IPF and other ILD 
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needs further validation (232). Almost all existing data in the literature on KL-6 
are based on serum dosages and its increase have been described not only in 
IPF, but also in fibrotic NSIP and other ILD (210); Zhu et al (209) have recently 
reported the increase of KL-6 also in BAL of patients with various ILD (including 
IPF). In our study, the KL-6 was significantly higher in both IPF and i-NSIP than 
healthy controls. Patients enrolled in the study have been carefully selected. In 
particular, for i-NSIP only patients with a fibrotic pattern were included. Great 
attention was posed on the exclusion of patients with sign of ground glass at 
HRCT or predominant inflammation at histology or suspected connective tissue 
diseases or other conditions associated. The two groups of patients had 
superimposed clinical and functional characteristics and have shown a similar 
prognosis; this could be a possible explanation of the homogeneous behaviour 
of the two biomarkers (KL-6 and Calgranulin B) and the similar cellular 
composition of BAL in IPF and i-NSIP. Nevertheless, as previous discussed, 
specificity of this two biomarkers among different form of ILDs need further 
investigations. Interestingly, we firstly reported robust correlations with other 
variables with prognostic meaning for both biomarkers that make them 
clinically applicable. 

The number of patients enrolled and controls represents the main limitation of 
our analysis; further studies are needed for a wider validation of our results and 
to bring a complete understanding of the involvement of these two proteins in 
the development of pulmonary fibrosis. 

In conclusion, BAL data on cellularity confirmed to play a relevant role in 
conjunction with other tests in the clinical evaluation of patients with 
interstitial lung diseases, in particular for prognosis assessment (neutrophils in 
IPF and eosinohpils in i-NSIP).   

Calgranulin B and KL-6 in BAL demonstrated to be reliable non-invasive 
biomarkers from both pathogenic and clinical points of view in patients with 
IPF and i-NSIP. They showed to be able to discriminate more severe patients 
and to correlate with other clinical and functional variables recognizing a 
significant prognostic role. Patients with elevated Calgranulin B had 
significantly lower survival. 

The next objective of our research will be to evaluate the role of these two 
biomarkers in the potential identification of responders to new antifibrotic 
therapies. 
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8. TABLES AND FUGURES 

 

Tab. 1: Demographic, clinical, pulmonary functional test (PFT), walking test 
(6MWT), blood gas analysis (BGA) and bronchoalveolar lavage (BAL) data of the 
population (*: p < 0.05). 

 

 IPF i-NSIP CONTROLS  

N 30 30 4  

Age (years) 68.73 ± 8.63 68.33 ± 7.45 61.36 ± 15.20 Ns 

Gender - Males (%) 24 (80%) 17 (56%) 3 (75%) Ns 

Smoke history (n):   

-Current (P/Y) 

-Former (P/Y) 

-Never  

 

2 (68.50 ± 44.54) 

17 (42.53 ± 38.15) 

11 

 

3 (33.33 ± 5.77) 

16 (26.83±24.00) 

11 

 

2 (30.15 ± 5.34) 

1 (26.24±12.34) 

1 

Ns 

PFT     

x FEV1% 82.07 ± 21.46 77.67 ± 19.9 -  Ns  

x FVC% 79.63 ± 22.11 76.69 ± 20.17 - Ns 

x FEV1/VC% 80.61 ± 6.54 80.92 ± 7.18 - Ns 

x RV% 81.62 ± 23.35 * 99.77 ± 43.13 - p = 

0.03 

x TLC% 77 ± 18.77 84.08 ± 23.93 - Ns 

x DLCO% 44.42 ± 15.53 50.44 ± 19.95 - Ns 

6MWT    Ns 

x FiO2% 26.21 ± 14.38 23.03 ± 6.32 - Ns 

x Walked 

distance 

(m)  

284.44 ± 132.20 274.66 ± 126.04 - Ns 

x Final 

SpO2% 

90.25 ± 5.22 90.93 ± 4.93 - Ns 

x Final BORG 2.77 ± 2.45 2.60 ± 2.59 - Ns 

BGA     

x FiO2% 21.62 ± 2.38 21.57 ± 1.83 - Ns 
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x PaO2 73.09 ± 11.82 72.71 ± 9.69 - Ns 

x PaCO2 39.46 ± 5.93 39.63 ± 3.47 - Ns 

x SaO2% 94.22 ± 1.87 94.52 ± 1.47 - Ns 

x PaO2/FiO2  340.70 ± 71.44 339.60 ± 54.17 - Ns 

BAL     

x Cells/ml 135.740.90 ± 

63.956.42 

122.736.67 ± 

84.887.64 

115.016.66 ± 

56.465.26 

Ns 

x Macrophag

es% 

69.4 ± 17.72 63.23 ± 24.61 83.16 ± 8.61* p = 

0.04 

x Lymphocyt

es% 

10.71 ± 7.59 9.37 ± 8.84 10.50 ± 7.91 Ns 

x Neutrophils

% 

10.33 ± 8.39 9.82 ± 10.26 4.83 ± 4.44 Ns 

x Eosinophils

% 

5.06 ± 5.61 6.07 ± 6.88 1.50 ± 1.76 Ns 

x CD4/CD8 

Lymph.  

2.55 ± 2.12 2.30 ± 2.85 2.35 ± 0.13 Ns 

 

Tab. 2: KL-6, Calgranulin B and Pepsin in IPF and iNSIP patients and healthy 
controls (*: p < 0.05. **: p < 0.01). 

 

 IPF i-NSIP All 

Patients 

CONTROLS  

KL-6 

(U/ml) 

721.1 ± 

481.7 

775.36 ± 

410.22 

749.7 ± 

442.1 * 

309.24 ± 

220.02 

Ns  

Calgranulin 

B (ng/ml) 

49.69 ± 

15.46* 

54.14 ± 

21.45** 

51.69 ±  

18.85** 

28.12 ± 2.64 p=0.01 

Pepsin 

(pg/ml) 

831.22 ± 

298.53 

793.02 ± 

258.19 

809.10 ±  

273.89 

693.73 ± 

265.72 

Ns  
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 Fig. 1: KL-6 levels in BAL of IPF, i-NSIP patients and healthy controls 

 

 

 

 

 

Fig. 2: KL-6 levels in BAL of IPF with and without chronic respiratory failure  
(CRF)  
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Fig. 3: Calgranulin B levels in BAL of IPF, i-NSIP patients and healthy controls 

 

 

 

 

 

Fig. 4: Pepsin levels in BAL of IPF, i-NSIP patients and healthy controls 
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Fig. 5: Survival of IPF, i-NSIP patients (Kaplan-Meier curves). 

 

 

 

 

 

 

Fig. 6: Survival of IPF patients according to BAL lymphocytes (Kaplan-Meier 
curves). 
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Fig. 7: Survival of i-NSIP patients according to BAL eosinophils (Kaplan-Meier 
curves). 

 

 

 

 

 

 

Fig. 8: Survival of i-NSIP patients according to BAL Calgranulin B concentrations 
(Kaplan-Meier curves). 
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