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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, type1 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 AEC1 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, 
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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 (AEC1s) 

during homeostasis or after lung injury (13,14). From the analysis of tissues 

where pulmonary fibrosis is present, abnormal AEC2s and loss of AEC1s 

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-β, 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- β signaling, which 

promotes recruitment of fibrotic mesenchymal cells and inflammatory 

mediators, stimulating ECM deposition (50). TGF-β is secreted by epithelial, 

fibroblast and immune cells. Once secreted, various molecules lead to TGF-

β activation and binding to receptors on target cells, initiating a fibrotic 

signaling cascade. In IPF, TGF-β is expressed by AECs and alveolar 

macrophages, and its expression localizes to fibroblastic foci.  
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TGF-β 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-β, leading to 

increased mTORC1 signaling that promotes apoptosis resistance and 

decreased autophagy in fibroblasts (54). Attenuation of TGF-β 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 Th1 cytokines 

(e.g., IFN-γ, 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 MUC5B gene for a mucin that 

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

maintaining homeostasis of the immune system. MUC5B r35705950 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 MUC5B 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/β-

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, Fig1). 

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- β 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 
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- 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) rhTM (recombinant human soluble thrombomodulin), which has anti-

inflammatory effects and mitigates the coagulation cascade. Several reports 

have shown that intravenous administration of rhTM 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 

(TBLC). 

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 

(1). 
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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 S100A12 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-β, 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 (MUC1) 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 10^9 cell.L-1 is 

strongly associated with disease progression; a monocyte count > 0.95 x 10^9 

cell.L-1 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-term therapy in patients with IPF. 

The guidelines identify a low level of recommendation, however, 

pulmonary rehabilitation can improve the quality of life, the six-minute 

walk test (6MWT) and the patient's symptoms (108), it is also essential for 

patients waiting for a lung-transplant for a better post-operative course (109). 

In clinical practice, it is also recommended to carry out influenza and 

pneumococcal vaccination in patients with IPF. 

Lung transplantation is the only intervention that can modify the natural 

history of the disease. 

Patients with IPF and under the age of 65 need close monitoring in order to 

be able to evaluate this therapeutic choice, in case of worsening. The 

indication for inclusion in the list is present in the case of (110): 

- FVC decline > 10% in 6 months of follow-up; 

- DLCO decline > 15% in 6 months of follow-up; 

- desaturation to values < 88% or distance traveled <250 m at 6MWT, or 

reduction >50 m in distance over 6 months of follow-up; 

- pulmonary hypertension; 

- hospitalizations for worsening respiratory symptoms, pneumothorax or 

acute exacerbation. 

It is therefore essential to send patients with IPF to Transplant Centers as 

soon as possible; however, the optimal timing in which to propose this 

therapeutic choice to the patient remains very complex. The problems are 

represented by the fact that IPF has a substantially unpredictable course, 

however with a median survival to diagnosis between 2.5 and 3.5 years 

(111,112). 
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• Pirfenidon 

Pirfenidone is a pyridine with anti-fibrotic, anti-inflammatory and anti-

oxidant actions which is taken orally at a dosage of 2403 mg/day. 

The two CAPACITY trials (113), comparing pirfenidone versus placebo 

therapy in patients with mild to moderate IPF, showed a significant reduction 

in the decline of forced vital capacity (FVC) at 72 weeks. The other end-

points of the study, represented by the reduction of the decline of the 6-

minute walk test and by the progression of the disease (expressed as a 

decrease in DLCO by 15% and as a decrease in FVC by 10%) were satisfied. 

A third phase III study (ASCEND) (114) for the evaluation of the efficacy 

of pirfenidone showed positive results which overlapped with the previous 

ones. This study also evaluated mortality in the entire patient cohort of the 

CAPACITY and ASCEND studies showing a 48% reduction in one-year 

mortality from any cause. 

Since June 2013, AIFA has approved the distribution of this drug by the 

National Health System at a dose of 2403 mg/day for patients with mild-

moderate IPF. 

The criteria for prescribing the drug in Italy are: 

- aged between 40-80 years 

- diagnosis of IPF (exclusion of other causes of disease; consistent UIP 

radiological pattern or probable UIP or histological diagnosis of IPF) 

- FVC>50% predicted and DLCO>35% predicted. 

Pirfenidone can only be prescribed by the centers identified in the regional 

resolutions and is subject to AIFA monitoring with a specific monthly plan. 

At the beginning of the therapy, the dosage is that of one 267 mg tablet 3 

times a day in the first week, then 2 tablets 3 times a day for another week 

and then 3 tablets 3 times a day to thus reach the dosage of 2403 mg/day. 

From 2019, the single 801 mg tablet was introduced to be taken 3 times a 

day with greater compliance on the part of the patient in taking the therapy 

and better gastric tolerance. 

The intake of the drug is recommended after main meals to avoid 

gastrointestinal problems; patients also perform regular checks of liver 

function and to prevent possible photosensitivity reactions, it is 
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recommended to limit exposure to the sun. In fact, the most frequent side 

effects are represented by gastrointestinal effects (nausea, vomiting, 

dyspepsia, diarrhea), weight loss, increased transaminases and 

photosensitivity. In the ASCEND study, the use of pirfenidone, these adverse 

events were mild to moderate in intensity and led to discontinuation of the 

drug in 14% of patients on treatment. 

The drug is not recommended in case of concomitant use of omeprazole, 

ciprofloxacin and fluvoxamine and in smoking patients. 

 

• Nintedanib 

Nintedanib is an inhibitor of tyrosine kinases, fibroblast growth factor 

receptor (FGFR), endothelial growth factor receptor (VEGFR), and platelet 

growth factor receptor (PDGFR). The phase II TOMORROW study (115) 

evaluated the efficacy of Nintedanib at four different doses (50 mg/day, 50, 

100 or 150 mg/twice a day). The 300 mg/day dose demonstrated in patients 

with IPF a reduction in lung function decline in terms of FVC, a lower 

incidence of acute exacerbations and a reduction, although not significant, in 

the St. George's Respiratory Questionnaire score (SGRQ ). Side effects, 

represented by gastrointestinal symptoms and increased transaminases, were 

always more frequent in the group with the highest dose. The INPULSIS 1 

and 2 phase III studies (116) were then conducted to evaluate the efficacy 

and safety of the drug at a dosage of 150 mg twice a day, confirming the 

reduction of the decline in respiratory function. The study was performed on 

1066 patients; patients enrolled in the study were > 40 years of age, FVC 

values ≥50% predicted and a DLCO between 30-79% predicted. The FVC 

annual decline benefit was -114 mL with nintedanib vs. -239 ml with placebo 

in INPULSIS-1 and -113 ml with nintedanib vs. -207 ml with placebo in 

INPULSIS-2. In INPULSIS-1 there was no difference between nintedanib 

and placebo in terms of time from the first exacerbation, while in INPULSIS-

2 patients on therapy had an exacerbation later and also fewer events. The 

most frequent adverse events observed were: diarrhea, transaminases, 

nausea, vomiting, weight loss,  lack of appetite. Bleeding events were also 

reported (10.3% vs 7.8% in placebo). Patients who completed the two 
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INPULSIS trials were eligible to be enrolled in the open-label INPULSIS-

ON study regardless of the annual decline in FVC (117).   In INPULSIS-ON 

the decline in annual FVC in both subgroups was similar to that found in the 

INPULSIS studies and suggested that nintedanib may have similar effects 

on disease progression in advanced as in mild disease (117). 

Since November 2014, the drug has been approved by the Food and Drug 

Administration (FDA) and the European Medicines Agency (EMA) for the 

treatment of IPF. 

Since then, the manufacturing company has made itself available to supply 

the drug, on a compassionate basis, for patients suffering from IPF without 

any restriction of functional or age-related parameters. 

Since April 2016, the drug has been available in Italy and is dispensed by the 

national health system for patients with mild-moderate IPF, which is also 

subject to monthly monitoring by AIFA. 

The criteria for prescribing the drug in Italy are: 

- age greater than 40 years 

- diagnosis of IPF (exclusion of other causes of disease; consistent UIP 

radiological pattern or probable UIP or histological diagnosis of IPF) 

- FVC>50% predicted and a DLCO>30% predicted. 

Nintedanib can only be prescribed by the centers identified in the regional 

resolutions where the therapeutic plan is renewed every month. The starting 

dosage is one 150 mg tablet twice a day which, in case of side effects, can 

be reduced to one 100 mg tablet twice a day. The most frequent side effects 

are gastrointestinal symptoms (diarrhea, dyspepsia) and increased 

transaminases. Given the side effects, patients perform liver function checks 

every month for the first three months and then every three months. 

The risk of bleeding was reported in the INPULSIS studies, for this reason 

there is still no clear indication regarding the use of antiplatelet drugs (at 

therapeutic and non-prophylactic doses) and both old and new generation 

oral anticoagulants. 

In 2022 through the results of the INBUILD trial, Nintedanib was approved  

as a treatment for Progressive Fibrosis Phenotype (PPF). According to the 

new 2022 ATS guidelines (1), in a patient with ILD of known or unknown 
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etiology other than IPF who has radiological evidence of pulmonary fibrosis, 

PPF is defined as at least two of the following three criteria occuring within 

the past year with no alternative explanation: 

1) Worsening respiratory symptoms; 

2) Physiological evidence of disease progression (either of the following): 

a. Absolute decline in FVC >5% predicted within 1 year of follow-up; 

b. Absolute decline in DLCO (corrected for Hemoglobin) >10% predicted 

 within 1 year of follow-up; 

3) Radiological evidence of disease progression (one or more of the 

following): 

 a. Increased extent or severity of traction bronchiectasis and 

 bronchiolectasis; 

 b. New ground-glass opacity with traction bronchiectasis; 

 c. New fine reticulation; 

 d. Increased extent or increased coarseness of reticular abnormality; 

 e. New or increased honeycombing; 

 f. Increased lobar volume loss. 

 

Identifying novel targets for therapy in IPF requires a clear understanding of 

disease pathogenesis, genetic risk factors, and biomarkers of disease 

progression. 

 

• A novel approach to treatment of IPF- The stem cells 

Mesenchymal Stem cells (MSCs) represent multipotent cells that are 

easily harvested from many tissues such as adipose tissue, peripheral 

blood, bone marrow and umbilical cord. Several lines of experimental 

evidence suggest strong anti-fibrotic, anti-inflammatory and 

immunomodulatory effects for MCS. Administration of MSCs was 

associated with downregulation of TGF-β signaling, reducing lung 

collagen content and bronchoalveolar lavage neutrophilia. Despite 

relative enthusiasm, there are still major concerns on the therapeutic role 

of stem cells in IPF mainly arising from experimental data suggesting a 

detrimental role for MSCs within a pro-fibrotic microenvironment. Some 
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studies demonstrated that intravenous delivery of placental derived 

MSCs had an acceptable safety profile in patients with moderately severe 

IPF, showing no statistically significant decline of FVC and DLCO 

(diffusing capacity of the lung for carbon monoxyde) during the first 6 

months of follow-up. Many unanswered questions remain regarding the 

administration (intravenous or endobronchial), the origin of stem cells 

(bone marrow, adipose tissue or placental-derived), frequency and dose 

therapeutic regimens and phenotypic selection (early or advanced IPF) 

(118). 

• A phase II trial about Phosphodiesterasi-4B (PDE4B) inhibitor 

In this phase 2, double-blind, placebo-controlled trial, was investigated 

the efficacy and safety of BI 1015550, an oral preferential inhibitor of 

the PDE4B subtype, in patients with idiopathic pulmonary fibrosis. A 

total of 147 patients were randomly assigned to receive BI 1015550 or 

placebo. The most frequent adverse event was diarrhea. A total of 13 

patients discontinued BI 1015550 treatment because of adverse events. 

The percentages of patients with serious adverse events were similar in 

the two trial groups. 

This study demonstrate that BI 1015550 prevented a decrease in lung 

function (FVC) in patients with idiopathic pulmonary fibrosis (125). 
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Hypersensitivity Pneumonitis     
    
Definition and Epidemiology 

Hypersensitivity pneumonitis (HP) is an inflammatory and/or fibrotic 

interstitial lung disease (ILD) affecting the lung parenchyma and small 

airways in susceptible individuals. HP involves an inflammatory and 

immunological response (T-helper cell type 1) to repeated inhalation by 

sensitized individuals of various organic substances and chemical 

compounds of sizes capable of reaching the alveolar spaces (126-128) .  

A large group of organic antigens may be responsible for this disease 

(thermophilic actinomycetes in farmer's lung, pigeon and parrot breeder, 

exposure to isocyanates, fungi such as Aspergillus Fumigatus) however, as 

working practices have changed, some causes of HP have declined 

significantly, while new exposures, such as metalworking fluids, have been 

implicated as the causative agent of HP among mechanical workers. The 

development of extrinsic allergic alveolitis would derive from the 

combination of a humoral and a cell-mediated reaction which would act 

sequentially: in the initial phase of exposure to the antigen, the humoral 

reaction predominates with induction, in predisposed subjects, of acute 

alveolitis from immune complexes; later, when exposure to the antigen ends, 

the cell-mediated reaction follows with the characteristic formation of 

granulomas. Characteristic of the disease is the presence in the serum of 

precipitating antibodies (IgG serum precipitins) against the various antigens, 

which in any case can also be only an index of exposure and not of disease 

(126). The antigen exposure is not identified in up to 60% of patients with 

HP (cryptogenic HP) (129).The prevalence of HP varies with regional 

disparities in climate, occupational exposures and environmental exposures. 

Available studies estimate an incidence between 0.3-0.9 per 100.000 

individuals (146). 

 
Clinical presentation and Diagnosis 
 
HP is a disease with heterogeneous clinical presentations and outcomes. 

The historical clinical classification of 1989 was in three clinical stages 

based on the onset and symptoms: 
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• Acute HP: Characterized by episodic respiratory symptoms and systemic 

response (fever, general malaise) occurring within hours of exposure to 

antigen. Recovery is spontaneous but symptoms recur whenever the antigen 

is inhaled. The severity of the acute crisis depends on the amount of inhaled 

antigen, on the predisposition of the individual and on the exposure time; 

• Chronic HP (cHP): Patients develop more insidious dyspnea and cough 

over months to years (repeated inhalations of the low-dose antigen) and a 

clear temporal relationship to the causative antigen may be absent, making 

identification impossible of the responsible antigens and the diagnosis of 

cHP (130,131). 

Evidence of lymphocytosis in the bronchoalveolar lavage fluid (BAL) is 

considered valuable for the differential diagnosis  (prevalence of CD8+ 

lymphocytes, with CD4+/CD8+ ratio reversed). Lymphocytes constitute the 

most represented cell type in the interstitial infiltrate and alveolar cells 

consist predominantly of foamy macrophages. However, every effort should 

be made to determine the etiology through medical history, as antigen 

avoidance has a positive impact on mortality (132) .  

The prognosis depends on the duration and intensity of the exposure, and 

even more on the stage of the disease in which the diagnosis is made, and is 

excellent when only a few acute episodes have occurred and the exposure 

can subsequently be discontinued. Specific serum IgG testing is one way to 

confirm a medical history of HP exposure and risk (133) . 

A classification based on the presence or absence of fibrotic features in 

histology or high-resolution computed tomography (HRCT) specimens has 

been proposed, since the presence and extent of pulmonary fibrosis is critical 

for survival (135).  

Delphi's International Modified Survey aimed to identify the most useful 

clinical, radiological, laboratory and pathological diagnostic criteria for HP 

through a three-round survey from April to August 2017 involving 45 

interstitial lung disease experts from 14 countries (136) . The experts 

identified a positive history of environmental exposure known to cause HP 

with a temporal relationship between symptoms and exposure and HRCT 

evidence of mosaic attenuation, centrilobular nodules (CLN), and ground-
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glass opacities (GGO). However, CLNs are not a pathognomonic sign of 

cHP, as they can be found in a variety of interstitial and airway pathological 

conditions, and histological correlation may also vary (137) . They are 

defined as opacities ranging from a few millimeters to 1 centimeter, 

separated by a few millimeters from the pleural surfaces and may be dense 

or ground-glass in appearance. Centrilobular nodules are thought to 

represent intraluminal granulation tissue in the adjacent bronchioles and 

alveoli and are clearly visible on HRCT (138-140). Another radiological 

aspect detectable by HRCT is air trapping or retention of air in the lung distal 

to an obstruction, which in HP is usually at the level of the secondary 

pulmonary lobule and can be evaluated with CT scan end of exhalation. 

HRCT evidence of ground-glass is a sign produced by partial filling of air 

spaces, with or without partial collapse of alveoli, and may be an expression 

of a variety of conditions ranging from inflammatory and infectious to 

neoplastic disorders; interstitial thickening, and particularly thickening of 

the interlobular septa, due to fluid and cells and/or fibrosis, can also produce 

this radiological sign (138). The ground-glass appearance can therefore be 

found in a variety of widespread chronic infiltrative lung diseases such as 

some interstitial pneumonias, both idiopathic and of known etiology (141). 

The associated radiological features and lobular distribution of GGO may 

aid in the diagnosis; in the case of HP, for example, a centrilobular 

distribution of the ground glass is envisaged. The diagnostic algorithm for 

chronic hypersensitivity pneumonitis is schematized in Fig5(136). In 

advanced stages of fibrosis with honey-combing, on HRCT is essential to 

make the differential diagnosis with idiopathic pulmonary fibrosis (IPF). 

The new ATS guidelines of HP published on 2020 (142), categorized HP 

into two clinical phenotypes: 

- Non-fibrotic HP: patients without radiological and/or histopatological 

evidence of fibrosis; 

- Fibrotic HP: patients with radiological and/or histopatological evidence of 

fibrosis. 

Both the two phenotypes have common symptoms such as dyspnea, cough, 

mild inspiratory squeaks (143). Less frequently, there may be constitutional 
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symptoms such as weight loss, flu-like symptoms, chest tightness, wheezing 

(144).  The nonfibrotic and fibrotic HP onset may be acute (developing over 

days to weeks, occasionally with pleural effusion) or may also be insidious 

(developing and worsening over months to years); episodes may be 

recurrent. Although an acute presentation with or without constitutional 

symptoms seems more consistent with nonfibrotic HP and the insidious 

presentation seems more consistent with the fibrotic HP, duration of 

symptoms has not been rigorously characterized with respect to fibrosis 

status (144,145). 

The new radiological classification of the HRCT-pattern is (142): 

- tipical HP: highly suggestive of HP 

- compatible with HP: less frequently reported but compatible with HP 

- indeterminate for HP: when the HRCT findings are neither suggestive nor 

compatible with features of HP. 

Nonfibrotic radiological pattern is characterized by ground-glass opacity, 

small airway disease, centrilobular nodules, air trapping. These parenchymal 

patterns are usually bilateral and symmetric with a diffuse distribution.  

Fibrotic radiological pattern is characterized by lung fibrosis and bronchiolar 

obstruction. Lung fibrosis in HP most frequently manifests as irregular fine 

reticulation with architectural lung distortion, with traction bronchiectasis in 

areas of ground-glass opacities. Honeycombing can be present and is often 

described as minimal (but extensive honeycombing in severe forms may also 

occur). Lung fibrosis is most severe in the mid and lower lung zones, with 

relative basal sparing. Typical radiological pattern is the "headcheese sign" 

characterized by three density patterns: ground-glass, lobules of decreased 

attenuation and normal appearing lung (123). This pattern emphasizes the 

diagnostic value of lobules with decreased attenuation and vascularity on 

inspiratory HRCT-images, especially when concomitant with air trapping at 

expiration, both suggesting the presence of severe bronchiolar obstruction. 

The mosaic attenuation is another important radiological sign because its 

presence in each of three or more lobes bilaterally was found to have the 

highest specificity for fibrotic HP  and helped differentiate this disorder from 

IPF (Fig6,156). 
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A confident histopathological diagnosis of nonfibrotic HP requires the 

presence of bronchiolocentric cellular interstitial pneumonia and 

granulomatous inflammation (154, 156-158). 

The new guidelines underlined the crucial role of the multidisciplinary 

discussion (pulmonologists, radiologists, methodologists, pathologists) to 

diagnosis HP. Serum IgG testing against potential antigens associated with 

HP distinguished patients with HP from exposed control subjects with a 

sensitivity and specificity of 90% and 91%, respectively. Precipitin testing 

performed best for patients with metal worker's lung and farmer's lung. 

BALF analyses help to distinguish fibrotic HP from IPF and nonfibrotic HP 

from sarcoidosis when there is a lymphocytes count >40%. 

The diagnostic algorithm of HP according with the new ATS guidelines is 

illustrated in Fig7. 

Prevalence of HP is highest among older individuals (65 years and older), 

with the average patient receiving a diagnosis in their fifth or sixth decade 

(146). HP can also be diagnosed among younger adults  and children (147). 

Pulmonary function tests are usually done at diagnosis and during follow-up 

to evaluate for functional impairment. A restrictive pattern is the most 

frequent alteration found. A reduction in pulmonary diffusing capacity of 

carbon monoxide (DLCO) is usually an earlier finding than a reduction in 

lung volume (134). 

Patients with fibrotic HP are more likely to be older, have an unidentified 

inciting agent and have lower FVC, lower DLCO and lower lymphocytes in 

their BAL fluid than patients with nonfibrotic HP (148). 

The natural history of HP ranges from improvement to progressive decline 

and death due to respiratory failure (149). Patients with nonfibrotic HP who 

avoid ongoing exposure to the inciting agent may have a favorable prognosis 

with the possibility of stabilization or full recovery (149, 150). Patients with 

fibrotic HP, particularly those with UIP-like pattern, have reduced survival 

(149, 151-155).  

No specific diagnostic or prognostic biomarkers are available to identify HP 

in the early stages and/or to assess treatment response or prognosis. 
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Prognosis and Treatment 

The prognosis basically depends on the duration and intensity of the 

exposure, and even more on the stage of the disease in which the diagnosis 

is made. This depends on the intensity of the symptoms and the subjective 

tolerance of the patients. The prognosis is excellent when only a few acute 

episodes have occurred and exposure can subsequently be discontinued. A 

history of repeated acute episodes carries a much less favorable prognosis. 

The presence of pulmonary fibrosis is evidently a sign of an irreversible 

alteration. According to the data in the literature, for the majority of patients 

with extrinsic allergic alveolitis, survival is around 10 years from diagnosis. 

In the chronic forms, with evident signs of pulmonary fibrosis, survival is 

similar to that of fibrosis of another nature, and is linked to the functional 

alterations of the lung typical of this anatomical situation. 

The prognosis is worse if the patient is atopic: while this condition, in fact, 

does not have a favorable effect on the development of the disease, it 

involves, through the bronchial obstruction to which it in itself predisposes, 

a worse functional evolution of the disease itself. Cigarette smoke, which 

paradoxically seems to carry out a protective action against sensitization 

(decreasing, through the reduction induced on the bronchial caliber, the 

penetration towards the pulmonary periphery of the antigens and 

immunologically through the stimulus induced on the macrophages, which 

therefore would be more active also in the purification action towards the 

inhaled antigens) once the disease is established, on the other hand, it causes 

a worse evolution, due to the chronic bronchitis and emphysematous 

component. The disappearance of serum precipitins in subjects removed 

from exposure represents a favorable element in the prognostic evaluation. 

Indispensable for the improvement of the disease is the removal from the 

allergen. This fact, however, implies a change or a reorganization of the 

profession which is not always possible. 

Corticosteroids, administered systemically, represent the only effective 

therapy and should be used when environmental prophylaxis is ineffective. 

The treatment of the acute phase involves the administration of prednisone 

at doses of 40-60 mg/day, which can be progressively reduced after two 
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weeks. Other immunosuppressive drugs to treat HP are Azathioprine or 

Micofenolate Mofetil (which inhibits B and T lymphocytes proliferation) or 

Rituximab (which depletes CD20+ B lymphocytes and inhibits T-cell co-

stimulation). 

Through the INBUILD study from 2022 Nintedanib was approved for 

Progressive Pulmonary Fibrosis included HP (1). 

AIFA criteria for the prescription of the drug are:  

o  Age ≥18 years (no upper limit); 

o >10% extent of fibrosis on HRCT; 

o FVC ≥ 45% predicted value; 

o DLCO ≥ 30% predicted value; 

o Met at least one of the following criteria for ILD progression within 

 24 months before:  

 - Relative FVC decline of ≥10% predicted; 

 -Relative FVC decline of 5%-<10% predicted and worsening 

 respiratory symptoms, or increased extent of fibrosis on HRCT; 

 - Worsening respiratory symptoms and an increased extent of fibrosis 

 on HRCT. 

Exclusion criteria: 

o Physician-diagnosed IPF; 

o Relevant airways obstruction (ie, pre-bronchodilator FEV1/FVC 
<0.7); 

o Significant arterial hypertension; 

o Significant pulmonary hypertension; 

o impaired liver function (ALT, AST, or bilirubin 1.5x); 

o impaired renal function (creatinine clearance < 30 mL/min); 

o Known risk or predisposition to bleeding; 

o Patients receiving a full dose of anticoagulation treatment with risk 

for bleeding; 

o Recent history of myocardial infarction or stroke. 
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• Non-pharmacological treatments 

In HP patients significant physical deconditioning can develop due to 

avoidance of activity and generalized sarcopenia due to chronic  

inflammation and metabolic derangement (160). Furthermore, 

corticosteroid use can lead to proximal myopathy. Many patients will 

benefit from pulmonary rehabilitation (161). Supplemental oxygen can 

improve endurance and is advised for all ILD patients with resting 

hypoxemia, and for those with exercise-induced hypoxemia (162). 

A select group of HP patients with progressive disease may be suitable 

for lung transplantation. Transplanted HP patients appear to have better 

outcomes than those with IPF, with lower rates of acute rejection in the 

HP group in one retrospective series. Notably, HP may recur in the 

allograft in a small proportion of patients if the exposure is not removed 

(163). 

In conclusion, it should be underlined that, since HP causes irreversible 

lung damage, it is necessary to formulate the diagnosis as early as 

possible and to set up a consequent therapy, even aggressive, when 

removal from the antigen alone is unable to control the disease (159). 
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Histiocytosis        
 
Definition and classification 

The term histiocytosis defines a group of rare pathologies that share the 

proliferation and accumulation of dendritic cells in various organs (164). 

Most of the histiocytes derive from the CD34+ stem cell which, conditioned 

by the cytokines of the cellular microenvironment (165). 

The first classification of histiocytosis dates back to 1987, published by the 

Working Group of the Histiocyte Society (166,167) and which included 3 

categories of the disease differentiated on the basis of clinical and 

immunohistochemical characteristics: 

• Langerhans cell histiocytosis (ICL): derived from dendritic cells; 

• non-Langerhans cell histiocytosis: deriving from the macrophage line; 

• malignant histiocytosis. 

The distinguishing feature of LCH is the presence of Langerhans cells (CL), 

CD1a+/CD207 Langerin+/S100+ histiocytes. Non-Langerhans cell 

histiocytosis, on the other hand, comprised a heterogeneous group of 

disorders (juvenile xanthogranuloma, Rosai-Dorfman disease, or breast 

histiocytosis with massive lymphadenopathy and Erdheim-Chester disease). 

A new classification of histiocytosis has been proposed based on 

pathogenetic mechanisms, the clinical presentation and the molecular 

characteristics (168). These disorders were divided into 5 groups: 

• L (Langerhans histiocytosis), 

• C (cutaneous and mucocutaneous non-Langerhans histiocytosis), 

• M (malignant histiocytosis), 

•R(Rosai-Dorfman disease and non-cutaneous non-Langerhans 

histiocytosis), 

• H (haemophagocytic lymphohistiocytosis) (169). 
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Langerhans Cells Histiocytosis     
 
Definition and etiopathogenesis 

Langerhans cell histiocytosis (LCH) is a rare disease and the most frequent 

chronic histiocytic disorder, with an estimated annual incidence of 5.4 cases per 

million in children (170) and 1-2 cases per million in adults (171). In childhood, 

males are more than twice as affected as females, but with increasing age, the 

predominance of males decreases almost to the point of being reversed. No 

genetic component has been demonstrated to date (172). The spectrum of 

clinical manifestations ranges from a single lesion that tends to regress 

spontaneously (eosinophilic granuloma), to multiple osteolytic lesions of the 

skull associated with exophthalmos and diabetes insipidus (DI), defined as 

Hand-Schüller-Christian disease, up to a very rare disseminated multi-organ 

form with an acute and potentially fatal course, called Letterer-Siwe disease. 

The term "Histiocytosis X" used by Lichtenstein in 1953 to define the three 

different disorders was due to the lack of knowledge on the etiopathogenesis. 

In 1973, Nezelof demonstrated that granulomas are characterized by the 

presence of intracytoplasmic granules of Birbeck (173). In 1987, the Histiocyte 

Society (HS) replaced the term histiocytosis X with the term Langerhans Cell 

Histiocytoses (LCH) to define these disorders. LCH is a proliferative disorder 

characterized by the accumulation of atypical histiocytes (CD1a+/CD207 

langerina+/S100+), alongside normal histiocytes, lymphocytes and eosinophils, 

which form granulomas, characteristic infiltrates of the disease.  

The etiopathogenesis remains unknown, even if various hypotheses have been 

formulated, from the neoplastic nature of the disease to an alteration of the 

immune system (174). Langerhans cells have the function of presenting the 

antigen, belong to the category of dendritic cells. The presence of specific 

surface markers, such as CD1a and CD207, also known as langherin (which 

acts by internalising the antigen in connection with Birbeck's granules), allow 

the identification of abnormal histiocytes whose finding is diagnostic for LCH.  

Immunohistochemical characterization with these antigens allows the 

differential diagnosis with indeterminate cell histiocytosis (CD207-), with 

Rosai-Dorfman disease (CD1a- or CD207-). LCH is distinguished from 
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malignant histiocytosis by the presence of histiocytes with nuclear atypia and a 

high mitotic index.  

The variability in clinical manifestations, ranging from a single lesion to fatal 

disseminated forms with multiorgan involvement, has fueled doubts on 

considering LCH an inflammatory disease or a cancer. The function of the 

activated Langerhans cell is to collect and process the antigen, it migrates to the 

regional lymph nodes where it initiates an adaptive immune response, 

presenting the transformed antigen to the T lymphocytes. Compared to normal 

CLs, LCL histiocytes have a higher proliferative capacity and can infiltrate 

multiple organs (may be due to a dysregulated expression of chemokine 

receptors (175). In support of the inflammatory nature of the LCH, there is also 

clinical evidence, in particular the possibility of spontaneous regression of the 

lesions and the good response to therapy (176). The increased production of 

some cytokines (IFN-γ, TNF-α, IL-6) by CL and associated lymphocytes could 

explain some manifestations clinical signs of the disease (the increase in TNF-

α could be responsible for fever, osteolytic phenomena, haematological and 

hepatic alterations) (177). 

In LCH lesions, osteoclast-like multinucleated giant cells play an important role 

in the chronic tissue destruction observed in lesions of LCH (178-179); there is 

also an increased expression of metalloproteases (MMP2-MMP9) promoting 

invasion and metastasis (180-182). However, the fact that cell clonality is not 

indicative of malignancy and the persistent inability to identify specific genetic 

abnormalities have prevented the classification of LCH as a neoplastic disorder 

(183). About genetic background, there is a correlation with the mutation of 

BRAF gene (recurrent somatic point mutation, BRAF-V600E, in approximately 

60% of LCH lesions (184). The BRAF-V600E mutation has been identified in 

about 8% of all human cancers, it is rarely associated with non-histiocytic 

malignant hemopathies, with the exception of hairy cell leukemia, of which it 

represents the diagnostic marker (185). BRAF V600E is specific to CLs of the 

LCH and is absent in normal proliferating CLs and other types of histiocytosis 

(186). Furthermore, in another study it was shown that patients with BRAF-

V600E mutation show greater resistance to chemotherapy and a higher 5-year 

reactivation rate (187).  BRAF plays an important role in the signaling cascade, 
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which starts with the activation of the tyrosine kinase receptor and proceeds 

with the phosphorylation of several kinases (Ras, Raf, MEK) (188).  

LCH, therefore, could be considered as an uncontrolled proliferative disorder 

arising from a somatic mutation with inflammatory cytokines activation (189). 

 

Clinical presentation 

The clinical signs of LCH are highly variable, conditioned by the type of tissue 

involved and the extent of the disease. The course of the disease is generally 

benign although in children (age <2 years) it can be more aggressive. The 

disease can be: 

• localized: mostly at bone-skin level 

• diffuse: involving multiple organs and/or systems (bone, pituitary, 

hematopoietic system, liver, spleen, lymph nodes, eye, intestine, heart, nervous 

system, lungs) with a more severe prognosis. 

In some cases, the diagnosis may be incidental. In the disseminated forms, 

typical of the pediatric age, general symptoms such as fever, asthenia and 

reduced height-weight growth are frequent. In a minority of cases the disease 

can explode, very serious, already in the first months of life with a leukemic-

like clinical presentation: diffuse purpuric and/or necrotic skin lesions, fever, 

hepatosplenomegaly, adenomegaly, cytopenia. This form, formerly called 

Letterer-Siwe disease, carries a 20% mortality rate, even with the most modern 

treatments. 

Bone involvement 

Bone involvement is present in about 80-90% of patients with LCH and the 

clinical manifestations depend on the affected site (190). The most common 

presentation is swelling accompanied by pain. The bone segments most 

frequently involved are reported to be the skull (49%), pelvis (23%), femur 

(17%), ribs, clavicle and scapula (8%), humerus, facial mass (mandible, maxilla 

and orbit ) and vertebrae (7%) (191). The lesions have the characteristics of an 

osteolysis with sharp margins in the absence of periosteal reaction. 

Skin involvement 

The skin is affected in about one third of patients with LCH. In 10% of cases 

the skin disease is isolated and can undergo, especially in children, spontaneous 
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regression over the course of weeks or months. The isolated form is more 

common in children under one year of age, while the multiorgan forms are 

found with equal frequency in children and adults. The areas most affected are 

the folds, the head, the trunk. The lesions can take on the most diverse 

appearances: they usually appear as purpuric papules ranging in color from 

brown to red, vesicles, pustules, ulcers and/or crusts. In some cases, the skin 

lesions appear as erythematous plaques covered with thin scales located on the 

scalp, behind the ears, in the inguinal or axillary folds or in the perineal area. In 

rare cases, growing lesions are observed, particularly at the perineal level, 

which can be confused with condylomas (192). 

Involvement of the oral cavity 

The localizations affecting the oral cavity, more frequent in adults, have a 

variable incidence from 10 to 35% in the different series. The lesions can affect 

the mandibular bone and, less frequently, the maxilla and/or the oral mucosa 

and/or the teeth. Bone involvement is a single osteolytic lesion with or without 

alveolar bone compromise. Involvement of the dental socket can lead to 

hypermobility of the tooth(s). Localized hypertrophy and/or ulceration of the 

gingival mucosa can also be observed as an isolated manifestation or associated 

with socket and/or bone lesions (192). 

Lung involvement 

Pulmonary Langerhans cell histiocytosis (PLCH) is relatively rare and usually 

occurs in cigarette smokers (young adults aged 20 to 40 years, with no gender 

predilection). The pathological hallmark of PLCH is the accumulation of 

Langerhans cells and other inflammatory cells in the small airways, resulting in 

the formation of nodular inflammatory lesions (bronchiolocentric granulomas, 

1 to 10 mm in diameter). While the vast majority of patients are smokers, the 

mechanisms by which smoking induces this disease are not known. A 

combination of more results in the activation of Langerhans cells in the small 

airways. Cigarette smoking induces the production of growth factor TNFα by 

epithelial cells and macrophages, resulting in the activation of Langerhans cells 

(193). It also induces the production of the growth factor TGFβ by epithelial 

cells (194), which has been shown to be overexpressed in PLCH lung biopsies. 

TGFβ is an essential factor in the development of Langerhans cells and is an 
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important cytokine involved in the process leading to tissue remodeling for 

fibrosis (195). 

While cellular inflammation is prominent in early disease, the more advanced 

stages are characterized by cystic lung destruction and pulmonary vascular 

remodeling. Respiratory function can therefore be compromised in various 

ways: from a reduction of gaseous exchanges at the alveolar level, clinically 

asymptomatic, up to a restrictive alteration of variable entity and respiratory 

failure. High-resolution CT scan chest imaging may show characteristic nodular 

and cystic abnormalities. 

The presence of > 5% CD1a cells in bronchoalveolar lavage fluid is highly 

indicative of disease. Biopsy shows proliferation of Langerhans cells with 

occasional clusters of eosinophils (giving rise to the obsolete definition of 

eosinophilic granuloma) centered in cellular and fibrotic nodules that may take 

on a stellate configuration. Immunohistochemical stains are positive for CD1a. 

Lung biopsy is required for a definitive diagnosis, although it may not be 

required in cases where the imaging findings are highly characteristic. The most 

severe lesions are typically found in the upper lung fields and perihilar areas, 

with sparing of the lung bases. All smokers should be educated on the 

importance of smoking cessation, which can lead to disease regression and 

obviate the need for systemic immunosuppressive therapy. The prognosis for 

most patients is relatively good, in particular the functional trend is stable 

(median survival 12 years). Complications such as pneumothorax (spontaneous 

in 10 to 25% of patients, due to the formation of emphysematous bullae and 

subsequent rupture) and secondary pulmonary hypertension can shorten life 

expectancy. The total cessation of smoking leads to a regression of the lesions 

or a stabilization of the same and of the symptoms (dyspnea, stingy cough, 

haemoptysis, weight loss, pleuritic chest pain). In 15% of patients the pathology 

is asymptomatic and is found incidentally on a chest x-ray performed for other 

reasons (196). Patients with progressive disease may require a lung transplant, 

usually curative if associated with smoking cessation. 
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Lymph node involvement 

Lymph node involvement can be isolated (the only compromised system), 

generally laterocervical or it can be accompanied by bone and/or skin lesions; 

rarely, it can be part of disseminated disease, especially in children (197). 

Bone marrow impairment 

The hematopoietic system is rarely involved in adults, while in children it is 

part of disseminated and more serious disease, and is almost always associated 

with hepatosplenomegaly. Bone marrow involvement can manifest as anemia, 

leukopenia, thrombocytopenia, and associated symptoms such as fever or 

bleeding. The extent of the cytopenia may not be related to the degree of bone 

marrow infiltration; in this case, it is often due to hypersplenism resulting from 

splenic compromise of the disease (198). 

Involvement of liver and spleen 

Hepatomegaly is very common in multisystem histiocytosis, but organ 

dysfunction is not always present. The enlargement of the liver can be due to 

various factors, such as a localization of the disease in the liver parenchyma or 

a hypertrophy and hyperplasia of the Kuppfer cells, and/or, more rarely, a 

compression by the lymph nodes of the hepatic hilum . Obstruction of the bile 

ducts with signs of even severe cholestasis may also be found. In advanced 

cases, cholangitis can result in fibrosis and cirrhosis, the pathogenesis of which 

is unclear; at this stage, hepatic evolution may be independent of the state of 

systemic disease activity. Splenomegaly is rare at onset and is characteristic of 

disseminated forms, especially in childhood (199). 

Nervous system involvement 

In some cases, LCH may begin with polyuria and polydipsia (drinking 6-8 liters 

of water per day) which represent the clinical manifestation of diabetes 

insipidus (DI), due to pituitary compromise. DI can be the only symptom of the 

disease, even preceding the diagnosis of LCH by many years, or it can occur at 

a variable distance from the diagnosis. In this case, the risk of developing 

diabetes insipidus is higher in patients with involvement of the bones of the face 

or the skull base. Other cerebral districts involved are: the pons, the cerebral 

hemispheres, the basal ganglia, the chiasma and the optic nerves; diffuse 

meningeal involvement is seen sporadically. Neurologic symptoms depend on 
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the site and size of the lesion and include: ataxia, dysarthria, nystagmus, cranial 

nerve deficits, hyperreflexia, impaired intellectual function and behavior, hemi- 

or paraparesis. These symptoms, however, may also be due to the extension of 

lesions present in a contiguous bone or in the meninges. Extra-axial lesions 

exert a mass effect that can cause focal symptoms, intracranial hypertension, 

and hydrocephalus (200). 

 
Diagnosis 

  Differential diagnosis is fundamental in the diagnostic process as LCH can be 

confused with various other pathologies due to the extreme variability of the 

clinical manifestations (201). The definitive diagnosis is based on histological 

and immunohistochemical examination which allows the morphological 

identification of the CLs that are positive for the S-100 protein and for the CD1a 

antigen. Where the biopsy is too risky for the patient due to the site of the lesion, 

in this case the diagnosis is radiological, being the typical LCH lesion. 

Currently, a new specific marker for langherina is used for the diagnostic 

definition, CD207, which has replaced the search for Birbeck's granules since 

its expression fully correlates with their presence. There are, however, organs, 

such as the liver, in which the CLs do not contain Birbeck granules and CD1a 

and/or langherina (CD207) may be negative (202). Once the histological 

diagnosis has been made, it is necessary to carry out further tests to identify any 

asymptomatic localizations of the disease. The history should be oriented 

towards identifying the type and duration of symptoms, such as: pain, swelling, 

rash, otorrhea, irritability, fever, loss of appetite, diarrhea, weight loss, failure 

to thrive, polydipsia, polyuria, dyspnea , exposure to smoke, lifestyle habits and 

neurological alterations. In adults, the assessment of any comorbidities is 

important. The physical examination is aimed at a thorough evaluation of the 

skin and mucous membranes, the oral cavity (gingival and palatal lesions), the 

abdomen (hepatosplenomegaly), the nervous system (papilledema, cranial 

nerve abnormalities, cerebellar signs) and of the lungs. The objective 

examination is fundamental to exclude hepato-splenomegaly to be confirmed 

with radiological investigation (abdominal ultrasound). In adult patients, it is 

useful to perform targeted investigations for the main target organs affected by 

the disease, such as the lung, pituitary gland and oral cavity, even in the absence 
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of symptoms. Pulmonary function tests with diffusion carbon dioxide (DLCO) 

can identify early radiologically undetectable pulmonary compromise; nuclear 

magnetic renosance (MR) of the brain with gadolinium can give indications of 

the pituitary gland and orthopanoramic radiography with dental evaluation can 

highlight lesions not otherwise identifiable. As regards the evaluation of any 

bone lesions, in vertebral involvement it is useful to deepen the spine with MR 

to exclude the presence of newly formed tissue that could affect the spinal cord. 

From the data available so far, PET has no indications either in the staging or 

in the clinical management of LCH, since despite being a highly sensitive 

investigation it is not very specific (203). Bone marrow biopsy is indicated only 

in the presence of anemia and/or thrombocytopenia and/or leukopenia, with no 

obvious cause. In case of isolated pulmonary involvement, if the broncholavage 

is not diagnostic for LCH (<5% CD1a+ cells in non-smokers) it is mandatory 

to perform a lung biopsy, for a correct differential diagnosis with other 

pathologies, even if the biopsy is hampered by the multifocality of the lung 

lesions. Alternative procedures such as cryobiopsy could be used but with the 

risk of pneumothorax (201,204). 

 
Clinical classification 

  The disease is defined as single system when only one organ is affected; in turn, 

based on the number of lesions, it is defined as uni-focal (single lesion), 

multifocal (several lesions involving the same organ or system). The disease is 

defined as multisystem when two or more organs are involved. The clinical 

classification is used at diagnosis to plan the therapeutic strategy. 

 
Treatment 

 The disease has a variable and unpredictable course. The localized forms (skin, 

bone) have a good prognosis and can also regress spontaneously or with local 

therapies. Diffuse forms, on the other hand, require chemotherapy which is not 

always effective, especially in multi-system disease with organ dysfunction, 

frequent in children aged <2 years. The first cytotoxic drugs that demonstrated 

efficacy in the treatment of LCH, in mono-chemotherapy or in combination, 

were: chlorambucil, vincristine (VCR), cyclophosphamide (CTX), 

methotrexate (MTX), 6-mercaptopurine (6-MP) and vinblastine (VBL). 
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Approximately 50% of patients are refractory to induction therapy or develop 

disease reactivations within 5 years (205). Clofarabine, a second-generation 

nucleoside analogue, has shown significant single-agent activity against low- 

and high-risk cladribine- or cytarabine-refractory LCLs (206). For patients with 

high-risk refractory LCH, the combination of cladribine and cytarabine has 

proven to be the most effective rescue regimen, which, however, is burdened 

by high toxicity at high doses (207). In the isolated pulmonary form, honey-

combing type, difficult to treat, the use of low-dose of prednisone (0.5-1 

mg/kg/day for several months) associated with respiratory physiotherapy gives 

good results both in terms of outcome and quality of life (208). Regardless of 

the type and/or combination of drug used, the response to treatment in adults is 

lower than that observed in children, especially in some particular forms. 

Cladribine has been shown to be effective in multifocal forms with organ 

dysfunction and in those with neurological involvement (209). Patients with 

central nervous system involvement have been successfully treated with the 

combination of cladribine and cytarabine, probably because both of these drugs 

are able to pass the blood-brain barrier (210).  

 New therapeutic perspectives concern the use of imatinib mesylate, a potent 

competitive inhibitor of PDGFRB-associated tyrosine kinases (platelet derived 

growth factor receptor beta), which has been shown to be able to inhibit the 

differentiation of CD34+ progenitors into dendritic cells (211). Recent 

advances concern the use of BRAF inhibitors. The first drug used was a BRAF-

V600E inhibitor, Vemurafenib. Used in 4 patients with ICL and concomitant 

Erdheim Chester disease, it gave a sustained response (10-16 months) even if 

burdened by complications, especially cutaneous, in the short and long term 

(212). 
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Lymphangioleiomyomatosis     

Definition and etiopathogenesis 

Lymphangioleiomyomatosis (LAM) is a rare disease that predominantly affects 

women of childbearing age (20-40 years). Although it has also been reported in 

men, it is extremely rare in men. It is characterized by cystic destruction of the 

lungs, lymphatic manifestations including lymphangioleiomyomas, and 

abdominal tumors known as angiomyolipomas, usually affecting the kidneys 

(213). The disease can be sporadic or associated with tuberous sclerosis complex 

(TSC), an autosomal dominant syndrome characterized by cerebral calcifications, 

mental retardation and hamartomatous lesions in several organs (214, 215). LAM 

is caused by mutations in the tuberous sclerosis gene TSC1 and, in most cases, the 

TSC2 gene, resulting in loss of function of their protein products hamartin and 

tuberin, respectively (216-218). The main role of the hamartine/tuberin 

heterotrimer is the inhibition of the mechanistic target of rapamycin (mTOR), an 

intracellular kinase that serves as a central regulator of cell growth and 

proliferation (219-221). In both sporadic and tuberous sclerosis-associated LAM, 

inactivating mutations of the TSC1 and TSC2 genes result in constitutive 

activation of mTOR. 

LAM lesions are characterized by the presence of LAM cells, which include two 

types of subpopulations: small spindle-shaped cells expressing specific smooth 

muscle proteins (α-actin, vimentin and desmin) and epithelioid-like cells 

expressing cell markers of melanoma and immature melanocytes (gp100 and 

MelanA/Mart1) (222,223). 

Indeed, LAM has been included in the family of “perivascular epithelioid cell 

tumors” (pecomas), a heterogeneous group of mesenchymal tumors composed 

histologically of perivascular epithelioid cells in which myogenic and melanocytic 

markers typically coexist (224). Furthermore, numerous genetic and cellular 

findings support the neoplastic nature of LAM cells. 

TSC mutations that occur in LAM result from inappropriate signaling through the 

mTOR cascade, which controls protein transcription and is activated in many 

forms of human cancer (225). Identical TSC somatic mutations were detected in 

angiomyolipomas and lung lesions from the same patient, suggesting that LAM 

cells might originate from a common source (216). Furthermore, the recurrence of 
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LAM in lung transplant recipients and the presence of LAM cells in blood and 

other body fluids is consistent with the metastatic behavior of these cells (226-

229). More recently, CD44v6, a glycoprotein that binds hyaluronic acid and is 

associated with metastatic tumors, has been shown to be expressed on the cell 

surface of LAM (230). The CD44v6 protein could allow LAM cells to adhere to 

the extracellular matrix, thus facilitating metastasis. Although LAM cells show 

low-grade proliferation and no evidence of cell atypia, progressive lung 

parenchyma infiltration, tissue destruction, angiogenesis, lymphangiogenesis, and 

extracellular matrix degradation are additional features that LAM cells have in 

common with neoplastic cells (231-234). 

 

Clinical presentation 

The disease may present acutely with pneumothorax (spontaneous PNX), 

manifesting with chest pain and dyspnea. Pneumothorax can be difficult to manage 

because it often recurs, is bilateral, and is less responsive to standard treatments. 

A recurrence of pneumothorax requires pleural abrasion, talcum powder, chemical 

pleurodesis, or pleurectomy. Patients with LAM should be informed that there is 

an increased incidence of pneumothorax and disease progression if they become 

pregnant (in which case the patient should be closely followed up). In the event of 

severe functional respiratory impairment, the patient should be discouraged from 

becoming pregnant. Acutely, the disease can also begin with hemoptysis. 

Stingy cough and exertional dyspnea are instead the most frequent symptoms of 

insidious onset, together with asthenia and weight loss. The disease can also 

manifest itself with lumbar pain due to the presence of angiomyolipomas (from 1 

mm to 20 cm in diameter, at risk of bleeding if > 4 cm, to be treated with 

embolization), which however can also be present in asymptomatic patients. 

Studies have found that renal angiomyolipomas are present in 100% of TSC-LAM 

patients and 50% of patients with sporadic LAM (235). 

There are two clinical phenotypes of LAM: 

- with worse prognosis: onset with dyspnea, weight loss, respiratory failure, 

reversible obstructive disease, high serum VEGF-D levels. These patients have 

a shorter survival and a rapid functional decline; 
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- with better prognosis: onset with pneumothorax, age >40 years, elevated FEV1 

and DLCO values at diagnosis. These patients have a longer survival and a 

slower functional decline (236). 

 

Radiological diagnosis 

The radiological diagnosis of LAM pulmonary involvement is made by high-

resolution chest CT (HRCT) which detects a pattern of multiple cysts, spread 

throughout the lung area and of various sizes (10 mm-10 cm). The characteristic 

HRCT-chest X-ray pattern for LAM is the presence of multiple (more than 10) 

well-defined thin-walled cysts without other significant pulmonary involvement; 

the HRCT-chest compatible pattern for LAM consists in the presence of a few 

cysts (more than two but less than 10) with thin walls (237). Biopsy (surgical) is 

indicated only when high-resolution CT findings are non-diagnostic. Findings of 

abnormal proliferation of smooth muscle cells (LAM cells) associated with cystic 

changes on histological examination confirm the disease. The 2010 ERS 

guidelines described three possible levels of diagnosis of LAM: 

- Definite LAM: HRCT-chest pattern characteristic for LAM with at least one other 

disease manifestation including: angiomyolipoma, chylous thoracic/abdominal 

effusion, lymphangioleiomyoma, lymphadenopathy (positive for LAM cells on 

biopsy), tuberous sclerosis; 

- Probable LAM: characteristic HRCT-chest pattern for LAM with compatible 

clinical history or compatible HRCT-chest pattern for LAM with presence of 

angiomyolipoma or chylous effusion; 

- Possible LAM: characteristic or compatible HRCT-chest pattern only for LAM 

(237). 

In the presence of an HRCT-chest pattern  compatible with LAM, the abdomen 

must always be studied with Magnetic Resonance (MRI) or alternatively CT-

abdomen with contrast medium. Conversely, in the event of an abdominopelvic 

lesion compatible with lymphangioleiomyoma or angiomyolipoma, chest HRCT 

must be performed to exclude/confirm the possibility of LAM. 

The follow-up of LAM patients involves the execution of a series of blood 

chemistry and diagnostic tests (respiratory function tests, chest-HRCT, abdominal 

echography, walking test, arterial blood gas analysis, heart echography) to be 
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performed at a time of 3-6-12 months from diagnosis to mainly evaluate the 

clinical course, the radiological progression of the disease and the functional 

deterioration. 

 

Biomarkers 

• VEGF-D 

 Vascular endothelial growth factor D (VEGF-D) is a lymphangiogenic growth 

factor involved in the formation of lymph vessels and the spread of cancer cells to 

lymph nodes. A decade ago, serum VEGF-D levels of patients with sporadic LAM 

were found to be higher than those found in healthy controls (238). Subsequently, 

serum VEGF-D levels in patients with LAM were also higher than those in healthy 

volunteers and in patients with other cystic or chylous lung diseases, including 

PLCH and emphysema; all of which suggested that such a parameter could be a 

diagnostic biomarker. Furthermore, VEGF-D levels were higher in women with 

TSC and LAM than in women with TSC showing no signs of cystic changes on 

CT scans (239). A subsequent study in a larger population of LAM patients 

confirmed that serum VEGF-D levels were higher in LAM patients than in healthy 

subjects (240). However, when patient samples were pooled, based on the extent 

of extrapulmonary lymphatic involvement, the significant difference was 

maintained only for LAM patients with lymphatic involvement, and higher VEGF-

D levels were associated with a score of higher severity on CT scan analysis and 

reduced pulmonary diffusing capacity (DLCO). This suggested that serum VEGF-

D levels could be a measure of lymphatic involvement in patients with LAM (240). 

A prospective study of 48 patients with cystic lung disease of unknown etiology 

confirmed the validity of serum VEGF-D concentration as a diagnostic test. 

According to the authors' findings, serum VEGF-D levels above 800 pg/mL could 

be diagnostic for LAM with a sensitivity and specificity of 73 and 100%, 

respectively (241). A subsequent study of 75 patients with cystic lung disease 

reported that serum VEGF-D levels could be diagnostic for LAM with a sensitivity 

and specificity of 87% and 90%, respectively, with 468 pg/mL as the diagnostic 

threshold (242). 

 Based on these findings, the recent American Thoracic Society / Japanese 

Respiratory Society (ATS / JRS) 2016 guidelines for the diagnosis and 
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management of LAM recommend VEGF-D testing for a noninvasive diagnostic 

confirmation of LAM in cases with radiological HRCT-compatible chest, when 

the other confirmatory features previously reported by the European Respiratory 

Society (ERS) 2010 guidelines are missing (e.g. TSC, angiomyolipomas, pleural 

effusions, ascites, chylosis. The recommended diagnostic threshold is 800 pg/mL 

(243-244). 

The low false-positive rate of the test indicates that serum VEGF-D concentrations 

above 800 pg/mL may preclude the need for a lung biopsy in patients with a chest-

HRCT pattern typical for LAM. However, serum tests for VEGF-D have a high 

false negative rate, which means that a negative test does not rule out LAM. In 

these cases, confirmation with lung biopsy is required. Serum VEGF-D may also 

be useful as a marker of disease severity and response to therapy. These results 

derive from the analysis of a study on the safety and efficacy of sirolimus in LAM 

patients: Multicenter International Lymphangioleiomyomatosis Efficacy of 

Sirolimus (MILES), demonstrated that serum VEGF-D levels were reduced in the 

group of patients taking sirolimus , but remained stable in the placebo group during 

the treatment period (245). Lung function improved with sirolimus in the group 

with high baseline VEGF-D values, and declined more rapidly in the placebo 

group (246). 

 Therefore, the serum assay of the biomarker VEGF-D can be used both to confirm 

the diagnosis of LAM in patients with a characteristic HRCT-chest pattern but who 

do not have other typical lesions, and to evaluate the response to therapy especially 

in patients with lymphatic manifestations (lymphangioleiomyoma, enlarged lymph 

nodes, pleural or abdominal chylous effusion). However, it must be specified that 

serum levels < 800 pg/ml do not exclude the diagnosis of LAM, just as serum 

levels > 800 pg/ml in the absence of a characteristic HRCT-chest pattern and a 

compatible clinical presentation cannot alone confirm the diagnosis of LAM. 

Certainly the combination of the criteria of the 2010 ERS guidelines and the use 

of serum VEFG-D values has significantly reduced the need for invasive diagnosis 

with biopsy (243). 
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• Extracellular matrix metalloproteinases (MMPs) 

Matrix metalloproteinases (MMPs) are proteases with a central role in the turnover 

and degradation of the extracellular matrix. In the lung, they are involved in tissue 

remodeling and lymphangiogenesis (247). MMPs are implicated in the 

pathogenesis of LAM: MMPs are present in LAM lesions (248-250). Furthermore, 

serum MMP-9 levels are higher in patients with LAM than in normal subjects 

(251). They may facilitate cell migration and contribute to the formation of 

pulmonary cysts (248). Monitoring of serum and urine MMPs could be a useful, 

though nonspecific, assessment of disease severity and response to treatment in 

patients with LAM (252,253). In a patient with severe LAM, urinary MMP-9 and 

MMP-2 levels became undetectable after 3 months of treatment with doxycycline, 

an MMP inhibitor (254). 

 

Functional tests in LAM 

The most common respiratory symptom of LAM is dyspnea (over 70% of 

patients), although pulmonary function tests (PFRs) may be normal in up to 30% 

of patients (255, 256). 

Airflow obstruction and decreased pulmonary diffusing capacity (DLCO) are the 

most frequent functional abnormalities (255-258). Both ventilatory deficits 

correlate with disease severity as assessed by chest CT, histology, and exercise 

capacity (224, 259-260). The 25-30% of patients with LAM show reversible 

airflow obstruction (257,259). The decline in forced expiratory volume in 1 s 

(FEV1) in untreated patients is variable and mostly unpredictable; the mean annual 

decline in FEV1 ranged from 60 to 134 mL per year across retrospective studies 

and clinical trials (223, 261-263). Patients with LAM frequently experience 

impaired exercise tolerance. Inhaled salbutamol caused a slight improvement in 

FEV1, but did not produce a significant reduction in dyspnea during maximal 

exercise compared with placebo (264). Disease progression should be evaluated 

with pulmonary function tests every 3 to 6 months in the first year after diagnosis 

and then at 12-month intervals, depending on the severity of the disease. 
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Treatment 

 Both sirolimus and everolimus, two inhibitors of mTORC1, target the signaling 

pathway activated by mTOR, thereby inhibiting the growth and proliferation of 

LAM cells (265). 

    

• Sirolimus 

     The efficacy of sirolimus in reducing angiomyolipoma volume and increasing 

functional parameters in patients with LAM was first demonstrated ten years ago 

in a pilot study, The Cincinnati Angiomyolipoma Sirolimus Trial (CAST) (266). 

The MILES study, a randomized placebo-controlled study of the safety and 

efficacy of sirolimus in patients with moderate functional impairment, showed 

stabilization of FEV1 over 12 months of treatment, with frequent, but mostly mild 

to moderate adverse events (i.e. mucositis, gastrointestinal events, 

hypercholesterolemia, acneiform rash, and swelling of the lower limbs) (263). 

Improvements in FVC, quality of life, and reductions in serum VEGF-D levels 

were also noted. Discontinuation of therapy caused a rapid decline in lung 

function, similar to that in the placebo group, suggesting the need for continued 

treatment. Sirolimus also ameliorated the chylous manifestations of the disease 

(267). Another current concern regarding mTOR inhibitor therapy is whether low 

doses of the drug could be used to maintain therapeutic effects and reduce toxicity. 

A retrospective study in a small cohort of patients before and after therapy 

suggested that sirolimus may be effective in maintaining pulmonary function and 

controlling chylous effusions even at trough serum levels below 5 ng/mL (268). 

However, the incidence of adverse events was similar to that reported in previous 

studies, with the exception of hypercholesterolaemia. 

Recent ATS/JRS guidelines recommend sirolimus treatment for patients with 

impaired lung function, defined as FEV1 less than 70% predicted or patients with 

progressively declining lung function. Furthermore, the drug is recommended in 

LAM patients with chylous effusions before considering invasive procedures 

(243). 

 

 

 



56 
 

• Everolimus 

Two randomized controlled trials (EXIST-1 and EXIST-2) showed that 

everolimus, a second generation mTOR1 inhibitor, was effective in reducing the 

size of giant cell astrocytomas in patients with TSC and the size of renal 

angiomyolipomas in patients with with TSC or LAM (269,270). A non-

randomised study conducted in 24 patients with sporadic LAM or TSC-LAM 

demonstrated that the safety profile of everolimus was similar to that of sirolimus 

in the MILES study. There were four drug-related serious adverse events, 

including pneumocystis, heart failure, and pneumonia, that were not observed in 

the MILES study. Serum VEGF-D levels decreased throughout the duration of 

treatment. Treatment with everolimus resulted in stabilization of FVC and 

improvement in FEV1, compared to baseline (271). 

 

• Other therapies 

To date, hormonal treatments including progesterone, GnRH antagonists, anti-

estrogen therapy (tamoxifen) are not recommended, because available study 

results are controversial or inconclusive and no controlled clinical trials have been 

conducted (272, 273). 

Doxycycline is a tetracyclic antibiotic which inhibits the production and activity 

of several MMPs: its potential role in the treatment of LAM has been suggested in 

patients with severe pulmonary impairment, in whom treatment with this drug 

improved lung function with increased of FEV1 (254). Patients, however, may be 

unresponsive or intolerant to mTOR inhibitor treatment, or even recur after 

discontinuation of therapy. These results suggest that mTOR inhibitors are not 

curative for LAM. Recent advances in understanding the pathogenesis of LAM 

suggest a new therapeutic potential. A recent clinical study evaluated the 

tolerability and safety of sirolimus therapy in combination with 

hydroxychloroquine (200 and 400 mg per day) for a treatment duration of 24 

months (274). The main side effects noted were mucositis, headache, diarrhea. An 

improvement in FEV1 and FVC was found at 24 weeks. 

Furthermore, a tuberin deficiency due to TSC2 mutations results in increased 

activity and RhoA GTPase which promotes cell survival. Because of their 

inhibitory effects on RhoA GTPase, statins have been considered as a possible 
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therapy in LAM (275). A retrospective study of patients who were treated with a 

combination of sirolimus and simvastatin or with sirolimus or simvastatin alone 

showed that the combination therapy had no beneficial effect and did not increase 

the incidence of adverse events, in addition to those foreseen by the use of each 

single drug (276). 
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Sarcoidosis 
Definition and etiopathogenesis 

Sarcoidosis is a systemic inflammatory disease characterized by the presence 

of granulomas in any organ, although the lung is the most common site. 

Sarcoidosis has different clinical phenotypes (resulting from the 

combination of genetic variants and environmental factors). The course of 

the disease may vary (many patients recover without treatment, while others 

develop chronic inflammation and fibrosis) (277, 278). Sarcoidosis often 

substantially affects quality of life, decreases work capacity, and increases 

mortality. The incidence is highly variable and depends on gender, age and 

ethnicity. Seasonal and geographic variations in incidence indicate an 

influence of unknown agents, possibly including microorganisms, 

environmental factors and/or inorganic materials, which trigger 

inflammation in genetically predisposed individuals. Genetic factors clearly 

play an important role in the etiology of sarcoidosis, as evidenced by the 

considerably higher disease risk in first-degree relatives of sarcoidosis 

patients. HLA alleles and variants of other genes, such as TNF, may be 

associated with disease course and predict prognosis (279). 

Sarcoidosis is characterized by the accumulation of activated T-helper cells 

in the lungs and the formation of non-necrotizing epithelioid cell 

granulomas, suggesting that a specific antigen or antigens trigger an immune 

reaction. In a subset of patients, T cells accumulated in the lungs express 

identical T cell receptors (TCRs), suggesting that these patients were 

exposed to an identical antigen (microorganisms or their non-degradable 

remains, mycobacterial antigens [ESAT6, KatG] or eg Mycobacterium 

tuberculosis or Propionibacterium acnes) which could act as a trigger (279). 

The autoimmune hypothesis is supported by the detection of vimentin-

directed TCR receptors and anti-vimentin antibodies in patients with 

sarcoidosis. Vimentin is an important constituent of the cytoskeleton, 

predominantly expressed by mesenchymal cells and produced by activated 

macrophages in sarcoid granuloma. Anti-vimentin antibodies have been 

detected in the BAL of subjects with sarcoidosis (HLA-DR3+). Vimentin is 

known to be involved in autoimmune diseases such as systemic lupus 
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erythematosus, in which the levels of anti-vimentin antibodies correlate with 

disease severity (280). 

 

Epidemiology 

The incidence and prevalence of sarcoidosis and its clinical presentation vary 

greatly by geography and across genders, ethnicities, and age groups (281). 

Sarcoidosis incidence is highest in Scandinavian countries (11–24 cases per 

100,000 person-years) (282-284) and among African Americans (18–71 

cases per 100,000 person-years) (285-287) and lower in Asian countries (1 

case per 100,000 individuals per year) (288, 289). Within countries, the 

distribution of sarcoidosis varies by geographic region (285, 287, 290, 291), 

and some studies have shown that the prevalence is higher in less densely 

populated areas (282, 292). The mean age of onset is between 40 and 55 

years, with a younger peak age at diagnosis in men (30-50 years) than in 

women (50-60 years). The clinical manifestations of sarcoidosis vary 

according to the characteristics of the patient. African Americans have more 

severe disease at diagnosis and are more likely to have advanced pulmonary 

or multiorgan involvement (281) than individuals of other ethnicities. 

Löfgren syndrome has the highest reported incidence in white individuals 

and is rarely diagnosed in African Americans or Asian individuals. In 

Sweden, Löfgren syndrome comprises approximately one third of all 

sarcoidosis cases and patients usually carry the HLADRB1*03 (HLA-DR3) 

allele and have a good prognosis, with remission in 70–80% of these patients 

(293). 

 
Risk Factors 
 

o Genetic factors: genetic susceptibility is an important component of 

the risk of developing the disease, as demonstrated by genome 

association studies (294, 295) with the HLA class II allele (296,297). 

Having a family member with the disease is associated with a 2–4-

fold increased risk of developing sarcoidosis (297, 298), and the risk 

increases with the number of affected relatives (298). The heritability 

of sarcoidosis is estimated at 39–70% (299, 300). 
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o Environmental factors and lifestyle: the ACCESS study conducted 

in the United States investigated occupational exposures 

retrospectively using questionnaires (301), identifying exposure to 

various environmental agents in patients with sarcoidosis such as 

molds, insecticides, agricultural environment, exposure to silica dust 

in foundries, firefighters (302,303). Several studies have 

demonstrated that inhalation of inorganic material can induce 

sarcoidosis. Smoking has been consistently associated with 

decreased risk of sarcoidosis, probably due to the 

immunomodulatory effects of nicotine (301). Several studies have 

found cases of sarcoidosis induced by immunotherapy in individuals 

treated with immunostimulant drugs for malignant or chronic 

conditions (anti-IFNα, anti-IFNγ as in psoriasis, anti-PD1 and BRAF 

inhibitors in melanomas). To date there is no consensus opinion on 

whether it is true sarcoidosis or sarcoidosis-like reactions in these 

individuals. These antibodies are able to restore the proliferative 

capacity of CD4+ T lymphocytes, leading to the formation of 

granulomas. Anti-TNFα biologics (etanercept, infliximab, 

adalimubab) are rarely associated with the onset of sarcoidosis (or 

sarcoidosis-like reactions) (304-309). Cases of sarcoidosis have also 

been reported in recipients of bone marrow transplants from donors 

with sarcoidosis (310). 

 
Comorbidities and mortality 

Epidemiological studies show that sarcoidosis is not a benign disease for 

many patients but instead sufferers have a high disease burden (311) and 

show increased mortality. Overall sarcoidosis mortality is 9–14 cases per 

1,000 person-years, and 5-year survival is 93–95% (312-315). Mortality risk 

increased 60% in Sweden (314), 70% in Korea (313), doubled in the United 

Kingdom (312), and increased 2.4-fold in black American women (315). 

Mortality is higher in those with more severe disease at diagnosis.  

Sarcoidosis is associated with an increased risk of infections, further 

increasing in patients receiving immunosuppressive therapy (316), 

congestive heart failure (317, 318), cerebrovascular events (318), venous 
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thromboembolism (319), autoimmune disorders (particularly thyroid 

autoimmune disease, Sjogren's syndrome and systemic lupus erythematosus) 

(320). In a systematic review and meta-analysis of 16 studies, sarcoidosis 

was associated with an increased risk of hematologic cancers, skin cancers, 

upper digestive tract cancer, kidney cancer, liver cancer, and colorectal 

cancer (321). About 30% of patients develop pulmonary fibrosis with 

increased mortality.  

 
Granuloma's formation 

The histopathological feature of sarcoidosis is the presence of non-

necrotizing epithelioid cell granulomas with varying degrees of lymphocytic 

inflammation (322). Such granulomas are the result of exposure to unknown 

antigens in genetically predisposed individuals, in whom there is immune 

dysregulation with an exaggerated T-helper1 (Th1) lymphocyte response 

(279). In the 1960s and 1970s clinical studies demonstrated peripheral 

lymphocytopenia in patients with sarcoidosis and subsequently with the 

experience of bronchoscopy with alveolar broncholavage (BAL) an intense 

lymphocyte activation was detected in the affected disease sites (in the case 

of BAL the lung), with a prevalence of CD4+ T-helper lymphocytes. They 

differentiate into Th1 and Th17 effector cells with production of 

proinflammatory cytokines (IFNγ, IL17, TGFβ) (323-325). 

The role of Th17 cells in sarcoidosis is not well understood, but they appear 

to be important in determining the clinical phenotype (they are highly 

expressed in Lofgren syndrome) (326-327). The immune response is crucial 

in the pathogenesis of sarcoidosis. Presumably there is a trigger (unknown 

antigen) which stimulates the response of macrophages and dendritic cells; 

activated macrophages transform into epithelioid cells that can cluster into 

multinucleated giant cells. Serum amyloid A (SAA) protein also contributes 

to the aggregation of these cells into granulomas, which amplifies the 

immune response of Th1 lymphocytes (328, 329). 

Resolution of the granuloma occurs when the (unknown) peptide antigen is 

presented by HLA-DR3 molecules present on dendritic cells or 

macrophages, with recognition by the CD4+ T-cell receptor (TCR). The 

result is an immune response that involves a cytokine cascade that leads to 
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the elimination of the antigen and the resolution of the granuloma (type 1 

immune response). Instead, the progression of the granuloma occurs when 

there is no recognition of the antigen perhaps due to the exposure of other 

molecules other than HLA-DR3. As a result, the granuloma continues to 

expand and the disease persists (type 2 immune response) (330) (Fig8). 

 
Clinical presentation 

The clinical classification of sarcoidosis can be made on the basis of onset, 

natural history and organ involvement. The onset of the disease can be acute 

or gradual, but sometimes asymptomatic sarcoidosis can be diagnosed 

incidentally during tests done for other reasons. The acute onset is typical of 

the Scandinavian populations with fever, erythema nodosum (inflammation 

of the subcutaneous adipose tissue), widespread arthralgias. In some cases, 

the pathology can also present with cardiac arrest or neurological 

manifestations. In 50% of patients, the disease resolves spontaneously within 

2 years, in other cases within 5 years (remission is rare after 5 years) (331). 

The most severe clinical manifestations of the disease are pulmonary, cardiac 

and neurological. 

The disease can also manifest by syndromes and be diagnosed without the 

need for histological examination (331). Lofgren's syndrome occurs in 

patients with a combination of genetic, immunological and environmental 

factors (onset mainly in the spring months). This syndrome is a well-

characteristic phenotype of sarcoidosis (332-334). 

Heerfordt syndrome is instead a rarer form that arises with uveitis, 

enlargement of the parotids, paresis of a cranial nerve (especially the VII) 

and is mainly a sporadic form (335). 

Pulmonary sarcoidosis 

In the thoracic area, the organs most involved are the lungs and mediastinal 

lymph nodes (80-90%) of cases. There is a radiological staging of 

pulmonary sarcoidosis described for the first time by John Scadding in 

1950), subsequently also revealing a prognostic value (Table1). Pulmonary 

sarcoidosis can evolve into pulmonary fibrosis progressively and with poor 

prognosis. Different radiological patterns have been found on CT scans in 
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the fibrotic evolution of sarcoidosis, such as traction bronchiectasis, cysts, 

honeycombing (336). 

Cardiac sarcoidosis 

Clinically detected in 2-7% of patients with sarcoidosis, it presents occultly 

with myocardial involvement in 20% of cases. Cardiac sarcoidosis can also 

occur in the absence of pulmonary or systemic involvement. Early diagnosis 

and immediate therapeutic intervention can save the lives of these patients. 

Clinically it can present with ventricular arrhythmias, high-grade heart 

blocks, progressive heart failure, due to infiltration of the myocardium by 

granulomas (337-339). To date, the best diagnostic test for recognizing 

cardiac sarcoidosis is gadolinium-enhanced cardiac MRI (340). 

Neurological sarcoidosis 

It occurs in 4-10% of sarcoidosis cases. It predominantly affects the cranial 

nerves, meninges, brain, spinal cord, hypothalamus, neurohypophysis, and 

peripheral nerves (341). Hypothalamic and pituitary involvement can lead to 

hyperprolactinaemia, decreased circulating testosterone and follicle 

stimulating hormone (FSH), diabetes insipidus (342). 

In 2002, small fiber neuropathy was recognized as a nongranulomatous 

parasarcoidosis syndrome (343). Clinically it manifests as pain, 

hyperesthesia or hypoesthesia or dysautonomia. It is a syndrome that is 

rarely recognized and difficult to treat. 

Other organs involved in sarcoidosis 

The location of sarcoidosis in organs other than those mentioned above 

depends on the individual's ethnicity and occupational exposure. 

For example, ocular involvement (uveitis) is more frequent in black and 

Asian patients (10-30% of cases) (331). Skin involvement occurs in 15% of 

patients, mostly in black individuals. 

Of interest is how granulomas tend to form on tattoos and scars (353). 

Although facial pernio lupus does not put patients' lives at risk, it causes 

aesthetic and psychological problems; however, sometimes it is associated 

with severe sarcoidosis of the paranasal sinus, putting the patient's life at 

risk. The systemic localizations of sarcoidosis are illustrated in Table2. 
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Diagnosis 

The diagnosis of sarcoidosis has a clinical correlation with the 

histopathologic finding of non-necrotizing granulomas (344). Possible 

differential diagnoses should be excluded and a diagnostic conclusion should 

be reached after discussion with a multidisciplinary team (345). 

Unfortunately, a diagnosis of sarcoidosis is made at the first visit in only 

15% of cases (346). 

As a first approach, laboratory tests including serum calcium, VitD dosage, 

angiotensin converting enzyme (ACE) and soluble interleukin 2 receptor 

(rIL2, indicator of lymphocyte activation) can be performed, but with little 

diagnostic value. More than anything else, they are useful biomarkers for 

monitoring the progress of the disease and the response to therapy (347). 

Although chest X-rays can detect early signs suggestive of pulmonary 

sarcoidosis, it is high-resolution pulmonary computed tomography (HRCT) 

of the chest that most definitely shows sarcoidosis pulmonary involvement. 

In patients with Lofgren's syndrome, the diagnosis is made only with chest 

radiography and monitoring the progress of the disease. In more complex 

cases of pulmonary sarcoidosis, HRCT allows to evaluate the presence of 

pulmonary fibrosis, or complications secondary to immunosuppressive 

therapy (aspergilloma) or non-infectious complications such as pulmonary 

hypertension (348). Magnetic resonance with gadolinium (MRI) cardiac and 

encephalic allow to evaluate the possible involvement of the pathology in 

these sites, just as with an echocardiography it is possible to verify alterations 

at the level of the left ventricle (alterations of the kinetics) or of the right 

(increase of diameters secondary to pulmonary hypertension), indicative of 

a poor prognosis (338). Fluorodeoxyglucose (18F-FDG) positron emission 

tomography (PET-CT) nuclear radiology may also help detect occult 

inflammatory lesions in the lungs and heart, indicative of disease activity 

(349). 

Bronchoscopy is currently a fundamental diagnostic test, with the possible 

finding of endobronchial granulomas on which to perform a biopsy (350). 

Alveolar broncholavage (BAL) helps to exclude alternative diagnoses, being 



65 
 

strongly diagnostic for sarcoidosis when there is significant lymphocytosis 

with an increase in the CD4+/CD8+ ratio > 3.5 (351). 

Ultrasound-guided transbronchial lymph node aspiration (EBUS-TBNA) is 

very useful for excluding other possible pathologies responsible for 

mediastinal lymphadenopathy (e.g. lymphoma or infections) (352). 

Pulmonary function tests have no diagnostic role in this pathology, but are 

used to evaluate the degree of pulmonary involvement and response to 

therapy. The diagnostic algorithm of sarcoidosis is summarizes in Fig9. 

 

Treatment 

The clinical course of sarcoidosis is highly variable, from spontaneous 

resolution to severe forms with pulmonary and cardiac involvement leading 

to lung transplantation (354). The introduction of a therapy must be 

evaluated on the basis of the clinic, the therapeutic benefits and the side 

effects. 

There are patients who only need corticosteroids, others oxygen therapy, 

others implantable defibrillators due to ventricular arrhythmias, others 

desmopressin therapy for diabetes insipidus. 

The main anti-inflammatory therapy administered in sarcoidosis is that with 

glucocorticoids, which must be personalized in the light of the damage it 

causes if taken chronically (arterial hypertension, iatrogenic diabetes 

mellitus, neuropathy, myopathy, adrenal insufficiency) (355). In patients 

with evident functional deterioration, steroid therapy leads to stabilization or 

improvement (356-358). Studies show that significant lymphocytosis in the 

BAL is associated with forms of sarcoidosis that undergo spontaneous 

remission, while neutrophilia would be indicative of progressive forms that 

require close monitoring (359, 360). Glucocorticoids are the first line of 

treatment in the symptomatic patient. Inhaled steroids cannot be used as a 

substitute for oral steroid therapy (331). Initial treatment often involves 

prednisolone 0.5-0.75 mg/kg/day for 4 weeks, then tapered to 10 mg/day for 

another 4 weeks, to be adjusted according to the patient's response. Usually 

this therapy is continued for 12 months, evaluating its suspension on the 

basis of functional improvement and disappearance of symptoms. There may 
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be disease relapse 24 months after diagnosis in the refractory forms. In any 

case, a low maintenance dose for 6-12 months is frequently associated with 

the onset of weight gain, insomnia, glaucoma, cataract, diabetes, myopathy, 

personality change, osteoporosis (361). In some patients after the suspension 

of cortisone therapy taken chronically, a recurrence of the disease can occur. 

In these cases, corticosteroid therapy should be reintroduced at a dosage of 

0.5 mg/kg/day for 8-12 weeks, followed by a maintenance dose of 5-10 

mg/day, with the addition of an immunosuppressant drug. If this therapy is 

well tolerated, it should be continued for at least two years (356, 362, 363). 

Hypercalcemia occurs in 5 to 10% of patients with sarcoidosis; it could be 

prevented by the administration of bisphosphonates (364, 365). 

In case of no response to steroid therapy, immunosuppressants such as 

azathioprine, methotrexate, mycophenolate mofetil can be administered. 

If these therapies fail, cyclophosphamide may be considered. These drugs 

should be administered together with a minimal dose of oral steroid therapy 

(366). 

Several studies show TNFalpha as a potential therapeutic target (367); the 

use of monoclonal antibodies inhibitors of this cytokine (infliximab, 

adalimumab), prevails in extrapulmonary forms of sarcoidosis refractory to 

therapy (368). 

Lung transplantation should be considered as a therapeutic intervention in 

end-stage pulmonary sarcoidosis or pulmonary hypertension (369). 

The treatment algorithm of sarcoidosis is illustrated in Fig10. 

The new ERS guidelines 2020 explain that for patients with pulmonary 

sarcoidosis, initiation of systemic treatment is reserved for patients who 

communicate symptomatic disease impacting quality of life and/or whether 

the patient's disease can lead to progressive lung function decline or 

significant morbidity or mortality. For patients with extra-pulmonary 

involvement, the decision to treat is similarly dependent on the presence of 

clinically significant disease activity in the affected organ (presumed to 

impair quality of life (QoL) and/or threaten organ function) and is left to the 

clinicians judgment (370). 
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Presence of clinically significant cardiac, neurologic, ocular or renal 

involvement is often associated with significant morbidity and mortality and 

treatment is usually indicated (371). The ERS guidelines published a 

consensus statement from a large group of sarcoidosis experts advocate an 

approach to therapy that balances the use of reduced doses of corticosteroids 

with the early stepwise addition of steroid sparing anti-inflammatory non-

biologic and biologic agents (371). 

The proposed approach to corticosteroid use is to limit continuation to a 3-6 

months period to allow for demonstration of therapeutic response. During 

that time period, attempts are made to taper to the minimal effective dose 

with a goal maintenance dose of < 10 mg/day of prednisone/prednisone 

equivalent (372). If the patient's disease remains uncontrolled on minimal 

steroid doses or significant steroid side effects develop, therapy is then 

stepped up to steroid-sparing non-biologic immunosuppressive therapy. The 

guidelines make for early/concomitant initiation of steroid-sparing non-

biologic agents (so-called "second-line agents") for patients with severe or 

multi-organ disease where prolonged therapy is anticipated or where there is 

a high risk of steroid-induced toxicity. For patients with symptomatic 

pulmonary sarcoidosis believed to be at higher risk of future mortality or 

permanent disability from sarcoidosis, the guidelines recommend addition of 

methotrexate (MTX). This drug is considered the preferred "second-line 

agent" with the most data supporting its use in sarcoidosis (373,374). Other 

commonly used "second-line agents" include: Azathioprine, Leflunomide 

and Mycophenolate Mofetil, however the evidence behind these medication 

recommendations is very weak. For patients with symptomatic pulmonary 

sarcoidosis with higher risk of future mortality or permanent disability from 

sarcoidosis who have been treated with glucocorticoids and MTX and have 

continued disease, the guidelines suggests the addition of infliximab to 

improve and preserve lung function and QoL (371). Infliximab is a tumor 

necrosis factor inhibitor (TNFi) that has been shown to be effective in severe 

and refractory forms of pulmonary and extrapulmonary sarcoidosis (375, 

376).  TNFi Infliximab and Adalimumab are regarded as "third line agents" 
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to be added in patients whose sarcoidosis is uncontrolled on second-line 

therapy (Fig11). 
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Systemic Sclerosis associated to interstitial lung disease  
     
Definition and epidemiology 

Systemic sclerosis (SSc) is an autoimmune connective tissue disease, which 

is characterised by immune dysregulation and progressive fibrosis that 

typically affects the skin, with variable internal organ involvement. It is a 

rare condition that affects mostly young and middle-aged women. It was 

initially described in mid-18th century Italy by Carlo Curzio as a condition 

that turned skin to wood (hard-skin) (377).  

The diagnostic criteria for SSc were revised in 2013 by the European League 

Against Rheumatism (EULAR) and the American College of 

Rheumatology, to include important immunological, fibrotic and vascular 

features of the disease (Table3) (378). 

SSc has traditionally been divided into three subsets on the basis of the extent 

of skin involvement: 

- limited cutaneous: skin changes limited to distal to the elbows and knees 

but can involve the face and neck; 

- diffuse cutaneous: skin involvement extends proximally to the elbows and 

knees; 

-sine scleroderma: absence of skin thickening but internal organ 

involvement and serological abnormalities. 

Although there are different risks of internal organ involvement in each 

subset, interstitial lung disease (ILD) can occur in all three causing morbidity 

and mortality. In the European Scleroderma Trials and Research database 

(EUSTAR), pulmonary fibrosis accounted for 35% of SSc mortality (379). 

All patients with a diagnosis of SSc should be screened for ILD.  

 

Risk factors for develop ILD in Systemic Sclerosis 

Interstitial abnormalities are evident in chest-HRCT in up to 80% of patients, 

but only 30-40% will develop clinically significant ILD, with a 10-year 

mortality of up to 40%.  Although, the prevalence of ILD increases during 

the course of the disease, its onset is often within 5 years of the first non-

Raynaud phenomenon symptom and almost never more than 15 years after 
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diagnosis of SSc (380). Early development of SSc-ILD (less than 3 years 

after diagnosis) is associated to an aggressive clinical course (381). 

The demographic factors associated with the presence of SSc-ILD include 

male sex, African American race and diffuse skin disease (382). 

A genetic component has been well established, with most risk attributed to 

polymorphisms in the HLA region and in genes implicated in innate 

immunity, B-lymphocyte and T-lymphocyte activation. Patients with 

positive test for anti-topoisomerase antibodies have increased risk of develop 

ILD, that is rare in patients with anti-centromere antibodies (Fig12) (383-

384).  

 
Pathobiology, clinical presentation and radiological pattern 

SSc-ILD is a result of the interplay between fibrosis, autoimmunity, 

inflammation and vascular injuries. The initial event has been proposed to 

be an injury to the alveolar epithelium or vasculature, followed by aberrant 

activation of the immune system, which promotes fibroblast recruitment and 

activation and extracellular matrix overproduction (385).   

Clinical manifestations of SSc include: 

- sclerodactyly: thickening of the skin on the fingers with associated flexion 

contractures; 

- raynaud phenomenon: vasospasm of the fingers resulting in cyanotic 

discoloration; 

- telangiectasias: dilated blood vessels near the surface of the skin, on the 

face and palms; 

- abnormal nailfold capillaroscopy: active pattern revealing dilated 

capillaries as well as areas of drop-out; 

- digital ulcers. 

A considerable proportion of patients with SSc-ILD are asymptomatic, 

especially in the initial stages of disease. When reported, dyspnoea (initially 

on exertion and eventually at rest), non-productive cough, fatigue are the 

most common symptoms. Physical examination typically reveals velcro-like 

crackles on auscultation, in addition to the cutaneous findings associated 

with SSc. Pulmonary function tests often reveals restriction with reduced 

FVC and DLCO (386). 
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The most common imaging pattern on HRCT is NSIP (non-specific 

interstitial pneumonia) in more than 80% of patients. This pattern is 

characterized by peripheral ground-glass opacities mostly at the lower lobes 

with subpleural sparing, traction bronchiectasis and bronchiolectasis. A UIP 

pattern is present less than 10% of patients with SSc-ILD (387, 388). 

Other common findings include dilated eosophagus, chronic aspiration, 

pulmonary artery enlargement, right ventricular dilatation which indicates 

pulmonary hypertension (PH). PH is reported in up to 20% of patients with 

SSc-ILD. Gastrointestinal involvement could also lead to a poor nutritional 

status, resulting in sarcopenia, neuromuscular impairment and respiratory 

failure (399). 

 

SSc-ILD prognosis 

Although SSc-ILD was traditionally considered slowly progressive with an 

expected median survival of 15 years. Male sex, active smoking, older age 

at presentation are associated with increased risk of disease progression and 

early mortality (389,390). The presence of a radiological UIP pattern, 

arthritis, digital ulcers, pulmonary hypertension, progressive skin fibrosis, 

renal disease, myocardial fibrosis are associated with an aggressive clinical 

course (389, 391). In contrast, the absence of ILD on an initial HRCT is a 

favourable sign. 

 
Treatment 

The first line therapies for SSc are immunosuppressive drugs 

cyclophosphamide (intravenous form has lower toxicity than the oral form), 

corticosteroids, azathioprine. 

Important is to treat aggressive reflux (with proton pump inhibitors or 

surgery), supplemental oxygen, pulmonary rehabilitation. 

Second line agents are biological therapies such as rituximab and 

mycophenolate mofetil, if failed first line immunosuppressive therapy (392-

394). 

Nintedanib is a tyrosine kinase inhibitor that has been shown to affect crucial 

fibrotic mediators, including the platelet-derived growth factor receptor, 

fibroblast growth factor receptor, vascular endothelial growth factor receptor 
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and the kinase. It inhibits human fibroblast proliferation, myofibroblast 

differentiation and collagen release (395, 396). In the 2019 SENSCIS trial 

demonstrated the efficacy of Nintedanib in 580 patients with SSc-ILD 

positive to anti-topoisomerasi antibodies test. The study demonstrated that 

the antifibrotic drug in these patients reduced the FVC decline by 44% than 

in the placebo group (397). In 2019 the INBUILD trial demonstrated the 

efficacy of Nintedanib in patients affected by SSc-ILD with progressive 

fibrosis, reducing the annual FVC decline rate by almost 60% (398). Patients 

with extensive disease (> 20% on HRCT) or clinically significant disease 

progression should be treated with antifibrotic drug in monotherapy or with 

a combination therapy with immunosuppressive drugs. Cyclophosphamide 

or mycophenolate can be considered first line in patients with a more 

inflammatory phenotype. Rituximab could be considered for refractory 

disease (401). 

Other possible treatment are autologous stem cell transplantation and lung 

transplantation (with an average survival of about 5 years) (400). 

Corticosteroids maintenance dose could be use after lung transplantation to 

prevent renal crisis. Iloprost can be used to treat digital ischaemia. 

If there is no interstitial lung disease the patient with SSc-ILD could be 

monitored with pulmonary function tests every 3-6 months for 3-5 years, 

than annually. 
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NSIP (non specific interstitial pneumonia) 
 
Non specific interstitial pneumonia (NSIP) is an interstitial lung disease  that 

may be idiopathic or secondary to connective tissue disease 

(polymiositis/dermatomyositis, Sjogren, Systemic sclerosis), toxins 

(chemotherapy) or numerous other causes. Idiopathic NSIP (iNSIP) is a rare 

diagnosis and requires exclusion of these other possible causes (also IgG4-

related disease or bone marrow-transplant).  Only in 2013 iNSIP was 

determined to be an official idiopathic interstitial pneumonia (402-404). 

Prevalence of iNSIP is estimated to ben 1 to 9/100000 patients. Some studies 

demonstrated 10% of familial cases of NSIP (405-406). 

Clinical presentation of NSIP is characterized by cough, dyspnoea, fatigue, 

weight loss (402, 407, 408). Physical exam common features are inspiratory 

crackles, digital clubbing (408-410). Approximately one half (42-69%) of 

patients have never smoked (409, 411). 

Pulmonary function tests reveal a restrictive ventilatory defect with a 

decreased DLCO (407,409). Bronchoalveolar lavage fluid often shows a 

lymphocytic population (412). 

An HRCT-scan is necessary for the radiological confirmation of ILD, but 

the diagnosis of NSIP need an hystological confirmation (by surgical biopsy 

or criobiopsy in more lung lobes). Radiological characteristics are: 

- reticular abnormalities; 

- traction bronchiectasis; 

- lobar volume loss; 

- ground-glass attenuation; 

- sub-pleural sparing (not pathognomonic) and peribronchial thickening 

(413). 

Honeycombing is rare and when present in NSIP is associated to a worse 

prognosis (414). Important is the difference that UIP pattern can be 

diagnosed in the correct setting by radiology alone, whereas NSIP pattern 

requires a biopsy for diagnosis (407, 415). Honeycombing as an isolated 

findings does not make a diagnosis of UIP.  

After histologic diagnosis of NSIP is established, it is necessary to re-

evaluate and rule out other secondary causes of NSIP (occult connective 
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tissue diseases-CTD, inhalation exposure), ensuring the case is in fact 

idiopathic. Crucial is the role of a multidisciplinary discussion with 

pathologist, radiologist, pulmonologist that assists in reaching a consensus 

diagnosis and improves diagnostic accuracy. 

The prognosis for iNSIP is overall favourable in comparison with IPF (410, 

412), although there is an approximate 20% mortality rate in 5 years (414, 

416). The prognosis for iNSIP is similar to that of secondary NSIP from CTD 

(417). Fibrosing NSIP patients have worse outcomes than those with cellular 

NSIP, but they have better survival rates than IPF (418). 

A fall in FVC of > 10% within 6-12 months of follow-up has independently 

been associated with mortality (414). Patients who have been declines in 

FVC > 10% or DLCO > 15% unexplained by other causes (e.g. infection, 

pulmonary hypertension) should be considered for escalation of treatment 

and/or lung transplantation. 

In cases of mild or asymptomatic disease, serial monitoring of symptoms and 

pulmonary functions may be employed. Treatment should be implemented 

if progression of disease is noted (419). 

Corticosteroids are the predominant and often initial agent of choice. 

Cytotoxic agents (azathioprine, cyclophosphamide, cyclosporine, 

mycophenolate mofetil) are used to augment or supplant corticosteroid 

treatment. Rituximab demonstrated good results in patients with NSIP and 

undefined connective tissue disease (420). 

There are no clear guidelines regarding glucocorticoid dosage or duration of 

therapy. Some studies reported  an initial dose of prednisolone (0.5 mg/kg or 

1 mg/kg) for 1 months, then tapering in 4-7 months (414, 421,422). Optimal 

treatment length is not defined nor is known if indefinite treatment is 

beneficial. No consensus exists as to whether a cytotoxic agent should be 

started at diagnosis versus upon disease progression or corticosteroid 

dependence (423). Cyclophosphamide may be considered in patients who 

fail other immunosuppressive regimens (424). 

Improvement or stability of spirometry, lung volumes, DLCO, radiographic 

findings as well as diminished symptoms of cough and dyspnoea reveal a 
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favourable treatment response (414,421). Spirometry and DLCO should be 

monitored to determined treatment response and disease progression.  

In case of disease progression without a treatment response is it necessary an 

evaluation for lung transplantation. 
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Rheumatoid arthritis (RA)  

Rheumatoid arthritis  (RA) is a chronic autoimmune disease affecting the 

joints, characterized by a symmetric inflammation of joints leading to 

cartilage destruction and bone erosion.  It affected few or many joints and 

could have also extrarticular symptoms. The prevalence of this disease 

ranges from 0.4% to 1.3%,  affecting mainly women (age 60 years). It is one 

of the most prevalent chronic inflammatory disease, higher in urban than 

rural areas. There is an inflammation of the joint capsule by T cells, 

macrophages, B cells, neutrophils, fibroblasts, osteoclasts.  

The etiology of RA is unknown, but genetic (HLADRB1 alleles) and 

environmental factors contribute to its development. There are many risk 

factors linked to RA: smoking, obesity, exposition to UV-light, drugs, 

periodontal disease, viral and bacterial infections (in genetic predisposed 

individuals the trigger antigen activate antigen presenting cells which 

stimulate Th1-Th17 and B immune response with tissue injury). Activated T 

cells migrating to the synovium locally interact with resident macrophages, 

synoviocytes, osteoclasts and dendritic cells. There is the secretion of many 

cytokines (IL-2, IL-6, IFN- γ, TNF-α) that activate B cells, leading to the 

perpetuation of inflammatory process in the synovium. TNF-α induce the 

differentiation of macrophages into osteoclasts, causing cartilage 

degradation and bone resorption. 

Typical symptoms are: fatigue, flu-like feeling, tender joints, morning 

stiffness. However, insufficiently treated RA could lead to systemic 

manifestations such us lung nodules, pleural effusion, interstitial lung 

disease, anemia, leukopenia, eosinophilia, thrombocytopenia, bone erosion, 

cartilage destruction.  

The two main autoantibodies found in RA are rheumatoid factor (RF) and 

anti-citrullinated protein antibodies (ACPAs); the presence of RF and 

ACPAs defined RA seropositive and is correlated to a worse prognosis with 

aggravated symptoms and increased mortality. The risk of onset of disease 

in patients positive for RF and ACPAs is 40% (even 10 years after the 

discovery of seropositive).  
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Early diagnosis can arrest disease in many patients, preventing or slowing 

disease progression, irreparable joint damage and disability. 

Reactive C protein (CRP), a pentraxin protein release by liver by IL-6 

stymulus, is a useful marker in RA diagnosis, because its blood levels 

correlate with disease activity (CRP activates neutrophils, promotes 

proliferation of macrophages inducing the release of pro-inflammatory 

cytokines via production of MMPs).  

The 2010 ACR-EULAR (American College of Rheumatology- European 

League against Rheumatism), has defined classification criteria with relative 

score for making diagnosis of RA: joint involvement (large or small and 

numbers), serology (RF, ACPA negative or low-high positive), acute phase 

reactant (CRP, ERS-eythrocyte sedimentation rate), symptoms duration (< 

or > 6 weeks). RA diagnosis is made if the score is greater than six and other 

causes for synovitis can be excluded. 

Treatment should be initiated promptly. Non-pharmacological treatments 

include a combination of physical therapy, patient counseling in lifestyle 

factors, and surgical procedures to remove and/or replace the affected joint 

and bone areas. Non-steroidal anti-inflammatory drugs (NSAIDs) are 

usually used only for symptomatic treatment to reduce pain and stiffness in 

the affected patients, but have no influence on disease progression (aspirin, 

diclofenac, ibuprofen). In contrast to this, non-specific immune system 

suppression via the application of glucocorticoids (prednisolone) has rapid 

effects, but side effects due to long-term use. Finally, disease-modifying 

antirheumatic drugs (DMARDs) are used to target inflammation, preventing 

joint damage and progression. These drugs are divided into 2 groups: 

synthetic (methotrexate, hydrochloroquine, sulfadiazine); biological (anti 

IL-6R, anti-TNF-α, B-cell depletion, inhibitor of T cells) such as 

tocilizumab, infliximab/adalimumab, rituximab, abatacept, respectively to 

the mechanism of action mentioned above. Other drugs are inhibitors of 

JAKs, such as tofacitinib/baricitinib (they inhibit the activation of Janus 

activated Kinase-JAK preventing the immune cell activation and 

inflammatory response). These drugs could have side effects based on the 

duration of treatment: increased frequency of infections (Herpes Zoster, mild 
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upper respiratory tract infections), cytopenia, liver toxicity, gastrointestinal 

side-effects, elevation of blood cholesterol. 

In case of failure to respond to a single drug, some studies have shown the 

efficacy of a triple therapy (methotrexate+hydrochloroquine+sulfadiazine). 

Subsequent, the application of JAK inhibitors or biological  DMARDs.  

Once patient has reached stable remission over at least 6 months, sequential 

tapering or dose reduction of the treatment can be considered in order to 

reduce side effect and costs (481). 

Interstitial lung disease associated to rheumatoid arthritis (RA-ILD) is the 

most serious extra-articular manifestation (58%) with significant mortality; 

is more common in men.  Several studies have reported a similarly low 

survival rate or RA-ILD to IPF. A study of the Western population reported 

the MUC5B promoter variant rs35705950 (very rare genetic polymorphism 

in the Asian population) as a risk factor for developing RA-ILD, especially 

in those patients with a UIP radiological pattern . Other risk factors to 

develop RA-ILD are: smoking, that leads to the generation of the 

citrullinated proteins in alveolar cells, resulting in autoimmunity to the 

citrullinated proteins in the genetically susceptible individuals; RF and 

ACPAs positive.  

Lung involvement in RA can be the first manifestation of RA and this is 

typical of most aggressive forms, developing in progressive fibrosing 

phenotype. Patient under methotrexate therapy have an higher  prevalence 

of lung fibrosis and nodules  or emphysema and nodules at HRCT-chest.  

The more frequent radiological patterns of fibrosis in RA-ILD are UIP and 

NSIP. There is a tendency of rheumatologists and pulmonologists to 

interrupt MTX treatment when lung damage occurs; it si correct in case of 

lung nodules, but there is still not enough evidence about the association of 

MTX exposure to RA-ILD development. 

Patients on biological DMARDs monotherapy, instead, have higher 

prevalence of combined bronchiectasis and nodules at HRCT-chest.  
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The major causes of death in RA-ILD are: acute exacerbation, progressive 

fibrosis, lung cancer, respiratory infections with pneumonia. Antifibrotic 

therapy (Nintedanib) have shown to reduce the decline of FVC and the rate 

of acute exacerbations (482, 483).   
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Interstitial Pneumoniae With Autoimmune Features (IPAF)    

In 2015, the European Respiratory Society (ERS) and American Thoracic 

Society (ATS) “Task Force on undifferentiated Forms of connective tissue 

disease-associated interstitial lung disease” proposed classification criteria 

for the category of Interstitial Pneumonia with Autoimmune Features 

(IPAF). These classification criteria were based on a combination of features 

from three domains: 

- clinical: consisting of extra-thoracic features (Raynaud’s phenomenon, 

arthralgias, multiple joint swelling, weight loss, morning stiffness, 

dysphagia, recurrent unexplained fever, oral ulceration, proximal muscle 

weakness, mechanics hands);  

- serologic: specific autoantibodies (ANA, RF, anti-Scl70, SS-A, SS-B, anti-

Jo1, ACPAs, anti-PM, anti-dsDNA); 

- morphologic: with imaging patterns (NSIP, LIP, OP, DAD, DIP if no 

smoking history) and histopathological findings (lymphoid aggregates with 

germinal centers, plasmocytic infiltration); for diagnosis we need one feature 

from at least two domains. 

IPAF patients tend to have a history of smoking similar to IPF.  

The prevalence of IPAF is between 7-34% of all ILDs.  

The most frequent clinical and serological markers of autoimmune features 

are Raynaud’ phenomenon and positive antinuclear antibodies, respectively. 

NSIP is the predominant radiological and histopathologic pattern (41%), but 

they can  also present a UIP pattern. The histological UIP pattern observed 

in IPAF has been reported as non-typical, with diffuse lymphoplasmacytic 

infiltration and interstitial lymphoid aggregates (some authors called these 

patient UIPAF).  

Prognosis of IPAF is generally intermediate between that of IPF and 

connective tissue disease-associated ILD (CTD-ILD), variable according to 

the predominant histologic and radiological patterns; non UIP-IPAF pattern 

have a very similar prognosis to those with CTD-ILD, while UIP-IPAF have 

higher disease progression rate. Smoking history and male gender are 

associated to an increased mortality. Some studies had shown that UIP-IPAF 

with positive Myositis specific antibodies (MSAs) have a better prognosis 
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and a good response to immunosuppressive treatment. Not all IPF-UIPs are 

equal and demographic/clinical characteristics will impact on prognosis. 

We know that an histological NSIP pattern would support 

immunosuppressive treatment, while histological confirmation of a UIP 

pattern lead to a cautios approach to immunosuppressive therapy, keeping 

the patient monitored for possible antifibrotic therapy in case of progression.  

Therefore, morphological features of IPAF in a biopsy characterised by a 

UIP pattern, lead to monitor the patient over time to detect features that can 

suggest a definite connective tissue disease.  

Short telomere length in IPAF was associated with faster functional decline 

and needing of lung transplantation, similar to IPF.  

Data regarding IPAF treatment are limited to case series and further research 

is needed to define the optimal treatment strategy in IPAF patients.  

As in other ILDs, treatment of gastro-esophageal reflux, long-term oxygen, 

pulmonary rehabilitation, prevention of infections are indicated.  

Some studies suggest that non-UIP pattern IPAF benefit from 

immunomodulatory drugs (intravenous cyclophosphamide, azathioprine, 

mycophenolate mofetil, corticosteroids), calcineurin inhibitors 

(ciclosporine, tacrolimus) and occasionally rituximab. Treatment decisions 

in IPAF patients must be based on evaluation of benefit in a multidisciplinary 

setting with input from pulmonologists, radiologists, pathologists, 

rheumatologists and immunologists.  

The choice of first line therapy is based on: age, gender, extrapulmonary 

manifestations, histopathological pattern, radiological pattern, functional 

impairment, comorbidities, patient’s expectations. These factors allow to 

distinguish between a predominantly fibrosing or inflammatory phenotype. 

IPAF is a research entity and not a diagnosis (484,485,486). 
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Diffuse pulmonary ossification (DPO)   

Diffuse pulmonary ossification (DPO) is a rare entity characterized by 

ectopic bone formation within lung parenchyma, in the interstitial or alveolar 

spaces. DPO could be idiopathic or related to cardiovascular or respiratory 

diseases; diagnosis is often made by histological examination (surgical 

biopsy). 

This disease is mainly found in men between 70-80 years, in advanced stages 

of chronic obstructive pulmonary disease or interstitial lung disease; 

however some cases have been reported in young women and men. A 

possibile family predisposition was described.  

DPO is characterized by two forms: 

- nodular: associated to chronic pulmonary congestion (mitral 

stenosis); 

- dendriform: in advanced ILD (IPF). 

The main risk factors to develop DPO are age, male sex, history of smoking, 

IPF. The pathogenesis is uncertain, some studies support that inflammation 

is a precursor of DPO (inflammationàanoxiaà TGF-β à fibroblastic 

proliferation à transformation into osteoblasts à metaplastic bone 

formation in the lung interstitium). 

Patients affected by DPO may be asymptomatic or with mild symptoms; 

when DPO is secondary to IPF the lung function shows a restrictive pattern 

with low DLCO. 

Pulmonary ossification is not usually visible in chest X-rays. It consists in 

mature bone in peripheral areas of lower lobes with reticulonodular aspect. 

In chest-CT DPO is identified as multiple tiny calcifications in the bibasilar 

lung periphery superimposed on subpleural lung fibrosis. On the other hand, 

CT findings of multiple lung calcifications could help to make differential 

diagnosis beetwen UIP and NSIP patterns. 

There is no consensual treatment for DPO and low-calcium diets or systemic 

corticosteroids therapy didn’t proven a clear benefit. 

According to the case reports published in literature, the evolution of DPO 

is slow and when associated to IPF the prognosis is related to the pulmonary 

fibrosis (487). 
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Pleuroparenchymal fibro-elastosis (PPFE)   

Pleuroparenchymal fibro-elastosis (PPFE) is a clinico-radiologic-pathologic 

interstitial lung disease, characterized by fibrosis that has upper lobe and 

subpleural predominance, involving the visceral pleural and the subpleural 

lung parenchyma. PPFE was recognized in 2013 as a rare idiopathic 

interstitial pneumonia in the ATS/ERS classification of ILDs. The true 

incidence and prevalence of PPFE are not known. It has been suggested that 

acute or subacute lung injury including diffuse alveolar damage with 

interstitial inflammation has a central role in the pathological cascade that 

leads to PPFE. The development of PPFE is not linked to cigarette smoking 

or to immunodeficiency states.  

PPFE is divided into two types: idiopathic  (iPPFE) and non-idiopathic 

PPFE, which could be secondary to many potential initiating factors such as: 

• bone marrow and hematopoietic stem cell transplant (restrictive 

chronic allograft dysfunction); 
• lung transplant; 

• chemotherapy treatment (cyclophosphamide) and radiation 

treatment; 

• autoimmune or connective tissue disease (scleroderma, rheumatoid 

arthritis); 

• recurrent infections (Aspergillus); 

• lung fibrosis (UIP, NSIP, HP); 

• occupational exposure to asbestosis; 

• familial history of pulmonary fibrosis (57% of cases of PPFE); 

• short telomere lengths and genetic mutations of TERT and TERC. 

Most patients presenting PPFE have 40-70 years; however, some cases have 

also been reported in children. Younger patients were predominantly female, 

in the nontransplant setting and characterized by telomere gene mutations. 

Male preponderance of PPFE has rarely been reported. 

The duration of symptoms before the radiological manifestation of PPFE 

varies from 6 to 24 months. Typical symptoms are: progressive 

breathlessness, cough, chest discomfort, pleuritic pain (in the absence of 

pneumothorax), weight loss (PPFE patients have lower BMI than other 
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fibrotic patients). Auscultatory findings may be normal, however if PPFE is 

combined with a pulmonary fibrosis (UIP, NSIP, HP) there could be 

inspiratory crackles. Fingers clubbing is uncommon. PPFE patients develop 

platythorax, which resulted from marked upper lobe volume contraction and 

reduction of anteroposterior thoracic depth (that could lead to secondary 

pulmonary hypertension and a rigid chest wall possible controindication for 

lung transplantation). In some individuals could be seen the suprasternal 

notch (clinically and radiologically, with concomitant retraction of the 

trachea).  

The main differential diagnosis for PPFE are: sarcoidosis, nontubercolosis 

mycobacterial infection, post-lung injury remodeling, pneumoconiosis, 

malignancy pleural cap.  

Criteria for diagnosing PPFE (radiologically and histopathologically) were 

first proposed in 2012 by Reddy and colleagues, that proposed the 

classification in three categories, on the basis of histological and radiological 

descriptions: 

• definite: pleural thickening with subpleural fibrosis in the upper 

lobes; 

• consistent: upper lobe pleural thickening with subpleural fibrosis, 

with features of coexistent disease elsewhere; 

• inconsistent: absence of features of definite and consistent 

categories. 

Diagnosis of PPFE needs a multidisciplinary consideration of clinical and 

radiological aspects. Surgical biopsy is often avoid for the high risk of 

iatrogenic pneumothorax, pneumomediastinum (air leak syndrome) or 

bronchopleural fistula. 

The first radiological description emerged in the 1970s. Later, in 2004, 

Frankel and colleagues proposed the term PPFE, describing the 

characteristics of bilateral upper zone pleural thickening and lobar volume 

loss. A histopathological diagnosis of PPFE requires demonstration of 

intralveolar fibrosis and elastosis (dense collagenous fibrosis in the alveolar 

spaces and elastin deposition in the alveolar walls), with visceral pleural 
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fibrosis (that may be absent in biopsies because of its patchy distribution). 

These features dominate in the upper lobes; foci fibroblastic may be present.   

The functional profile of PPFE is characterized by a restrictive ventilatory 

defect denoted by a rapidly decline of FVC (300 ml/year), reduced TLC, 

increased RV (reasons remain unclear) and reduced DLCO but with elevated 

alveolar carbon monoxide uptake, as a result of extrapulmonary restriction. 

Functional criteria of RV/TLC % pred ≥ 115% and or BMI ≤ 20 kg/m2 plus 

RV/TLC % pred ≥ 80%, may successfully discriminate patients with 

idiopathic PPFE from those with chronic ILDs (491). 

Patients affected by PPFE have a predilection for hypoxemic respiratory 

failure; at advanced stage they could develop hypoventilation with increased 

arterial carbon monoxide pressure.  

PPFE has a median survival of 11 years; however there are progressive 

disease phenotype of idiopathic PPFE (iPPFE) with a median survival of 5 

years (similar to PPFE combined with UIP fibrosis). Patients with PPFE 

combined with IPF have been reported to have a lower BMI than patients 

with IPF and a worse prognosis (a BMI < 18.5 kg/m2 is associated to a 

significant risk of mortality after lung transplantation) (488). 

However, PPFE has been shown to be an independent determinant of higher 

mortality in chronic HP or in patients with short telomere lengths. Recurrent 

pneumothorax worsen the prognosis.  

No treatment has been demonstrated to be effective in PPFE. Low dose of 

prednisolone may be useful, although unproven effects. Immunosuppressive 

agents (azathioprine, methotrexate) should be avoided due to the high risk of 

infections. Useful therapies are: prophylactic antibiotics, antifungal therapy, 

oxygen-therapy, nutritional input, psychological support, pulmonary 

rehabilitation. Successfully transplanted cases have been reported, one from 

a living donor and one as a bilateral lung transplantation (489). 

A small retrospective study suggests that nintedanib may slow disease 

progression, reducing the decline of FVC percentage; however, these results 

were not achieved in the idiopathic PPFE, in which Nintedanib efficacy may 

be limited (490). 
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Serum Amyloid A (SAA) 
 
Definition 

Serum amyloid A (SAA) is an acute phase protein produced primarily in the 

liver in response to the release of proinflammatory cytokines from activated 

monocytes. It is a precursor to amyloid, which was discovered a quarter of a 

century ago. SAA shares antigenicity with amyloid A, the major constituent 

of the fibrillar component in amyloidosis (425,426). SAA has been measured 

in body fluids of patients with various lung diseases including lung cancer 

and obstructive/restrictive lung diseases such as interstitial lung diseases, 

sarcoidosis and COPD. The potential clinical value of SAA as a biomarker 

of different lung diseases is the main topic of this work.   

 

Protein structure and metabolism of SAA 

Four genes on chromosome 11 have been identified in the human genome 

responsible for the synthesis of SAA1, SAA2, SAA3 and SAA4 (427). The 

SAA1 and SAA2 genes encode the proteins SAA1 and SAA2, which 

constitute the acute phase protein SAA (A-SAA), of which SAA1 accounts 

for approximately 70% (428,429). A-SAA is a single polypeptide of 104 

amino acid residues; although its exact tertiary structure is unknown, the 

critical role of the 10 amino-terminal residues is recognized in the formation 

of amyloid fibrils that bind high-density lipoprotein (HDL) (427,430). The 

SAA1 and SAA2 proteins act as acute phase reactants in plasma and are also 

plasma precursors of amyloid A fibrils (429). Most plasma A-SAA is 

synthesized by the liver, although extrahepatic synthesis of macrophages, 

endothelial cells, smooth muscle cells, adipocytes, atherosclerotic lesion 

sites (428) and tumor cells (431) has been demonstrated. Upon release of A-

SAA from cells, the protein binds to the HDL and enters the bloodstream 

(432).It is then rapidly sequestered by phagocytes and broken down by 

lysosomal proteinases (433). Degradation of A-SAA in the liver is catalyzed 

by enzymes such as serine proteases, elastase, collagenase , cathepsins (434). 
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Role of SAA in inflammation and in connective tissue diseases with lung 

involvement   

In inflammatory diseases, plasma concentrations of SAA have been shown 

to be thousands of times higher than the baseline value. Serum SAA levels 

rise three to six hours after an inflammatory stimulus, peaking in the blood 

in 2 to 3 days and then returning to baseline levels. The cytokines TNF-α, 

IL-1 and IL-6 can induce the release of SAA within 2-3 hours. SAA and C-

reactive protein (CRP) are known as the first class of acute phase proteins 

because they are the most sensitive plasma markers of acute inflammation 

(435). Depending on the severity of the inflammatory state, SAA 

concentrations can be in the order of thousands of mg/l; similar levels are 

achieved in bacterial and fungal infections, invasive malignant diseases, 

tissue damage (such as acute myocardial infarction), and autoimmune 

diseases (such as rheumatoid arthritis, CTD, and vasculitis). SAA is a better 

indicator of inflammatory activity in patients with autoimmune 

gastrointestinal disorders than CRP; one reason is that CRP returns to 

baseline faster than SAA (426). Inflammation in systemic sclerosis is an 

important but not completely characterizing feature of the early stages of the 

disease. High concentrations of SAA are associated with progressive 

systemic sclerosis characterized by severe skin thickening and poor five-year 

survival (436). Elevated levels of SAA were found in 25% of patients with 

SSc, the highest levels being reported in those with early stage disease and 

diffuse skin involvement. Serum SAA levels were correlated with lung 

involvement in SSc patients and prognosis: they were inversely correlated 

with DLCO rates, suggesting that SAA may be a biomarker of interstitial 

lung involvement in SSc patients (437,438) . The gene expression of SAA 

in patients with rheumatoid arthritis (RA) has been related to the 

transcription of extracellular matrix metalloproteinases. Increased 

concentrations of SAA have been found in synovial tissue in patients with 

rheumatoid arthritis (439, 440). 

SAA is a marker of the acute phase of rheumatic diseases responsible for the 

stimulation of angiogenesis, leukocyte recruitment and extracellular matrix 

degradation via an Nf-kb-dependent signal transduction pathway (441). 
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SAA as biomarker of acute exacerbation of chronic obstructive pulmonary 

diseases   

Chronic obstructive pulmonary disease (COPD) is a disease characterized by 

persistent airflow limitation associated with chronic inflammatory response 

of the airways and lungs to harmful particles or gases. COPD is divided into 

phenotypes based on clinical and functional characteristics associated with 

different prognoses (442). A major subgroup is characterized by acute 

exacerbations and worsening of symptoms, including increased dyspnea, 

cough, sputum production, and purulence. The pathology and impact of 

COPD results from an abnormal inflammatory process that induces tissue 

damage with ineffective repair in response to toxic inhalants (particularly 

cigarette smoke). It has been shown that SAA and CRP are mainly produced 

during acute exacerbations of COPD after the release of proinflammatory 

mediators such as IL-6, IL-1β, and TNF-α (443, 444). SAA has been 

proposed as a blood biomarker of acute COPD exacerbation: its changes 

correlate with COPD severity scores, lung function data, risk of respiratory 

failure, and hospitalizations (443). Using a proteomic approach, SAA was 

identified in the serum and BAL of COPD patients, demonstrating 

overexpression in patients with glucocorticoid-refractory exacerbations. 

SAA appears to be a serological marker correlated with acute exacerbations 

and resistant to corticosteroids (444). 

 

SAA in obstructive sleep apnoea 

In a study conducted in 2003, plasma levels of SAA were increased in 

subjects with obstructive sleep apnea syndrome (OSAS) (445). Clinically, 

OSAS is currently defined on the basis of sleepiness and one or two of the 

following symptoms: severe snoring, nocturnal respiratory arrest, repeated 

nocturnal awakenings, non-recuperative sleep, daytime fatigue, and 

impaired concentration. The polysomnographic criterion consists of the 

detection of more than five episodes of apnea-hypopnea plus micro-

awakenings related to respiratory efforts per hour of sleep (446). Patients 

with OSAS are at high risk of cardiovascular and cerebrovascular events. It 
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is not understood how OSAS might affect serum concentrations of SAA. 

One possible explanation is that sleep apnea-related hypoxia/reoxygenation 

stimulates proinflammatory cells and mediators, including SAA and CRP 

(445). It has been shown that serum concentrations of SAA are higher in 

patients with severe OSAS than in those with mild or moderate OSAS. After 

3 months of CPAP ventilation therapy, SAA levels decreased significantly 

in patients with OSAS along with parameters of cardiovascular risk and 

inflammation (447). SAA has been suggested as a promising biomarker of 

treatment response in patients with OSAS to be confirmed with further 

studies. 

 

Role of SAA in sarcoidosis 

SAA has an important pathogenetic role in granulomatous inflammation and 

has been extensively studied in these disorders. It induces the production of 

some cytokines and regulates T-helper1 (Th-1) lymphocytes in the immune 

response through interaction with the toll-like receptor 2 (TLR-2). Increased 

serum levels of SAA have been reported in patients with active sarcoidosis 

(defined by progressive impairment of radiological and functional 

characteristics) (448). Our group of Siena performed a study in which higher 

levels of SAA were detected in the BAL of sarcoidosis patients compared to 

healthy controls and other interstitial lung disease (ILD) patients with a 

proteomic approach; SAA levels on BAL fluid were also inversely correlated 

with FEV1 percentages. Furthermore, SAA was elevated in patients with 

serious pathologies requiring steroid therapy (448). Mijoshi et al. in 2001 

showed that unlike ACE, the production of SAA is not inhibited by 

immunosuppressive drugs and its use has been recommended during the 

follow-up of patients with sarcoidosis, supporting the hypothesis that SAA 

may be a better biomarker of treatment response than ACE (449). Chen et 

al.in 2009 demonstrated that SAA can induce nuclear factor NF-κB, 

stimulating the expression of TLR-2. SAA is expressed by macrophages and 

giant cells of sarcoid granulomas; it is found within granulomas and is 

expressed by CD68+ macrophages and giant cells, but is related to CD3 

lymphocytes linked to the expression of the local Th-1 response (450). 
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Because it is an innate regulator of granulomatous inflammation that occurs 

in sarcoidosis through TLR-2, it offers new therapeutic targets. 

SAA appears to be a structural component of the granulomatous 

inflammation of sarcoidosis, as demonstrated by Moller et al. It has been 

hypothesized that SAA produced in response to an initial mycobacterial 

infection may promote specific pathogenic pathways, inducing epithelioid 

granulomatous inflammation (451). The protein is also a mediator of lipid 

metabolism in sarcoidosis. After synthesis, SAA is released from cells and 

binds HDL isoform 3 (HDL3), becoming the major apo-lipoprotein A1 

(Apo-A1), critical in reverse cholesterol transport and prevention of 

atherogenesis. The first description of alterations in lipid metabolism in 

patients with sarcoidosis in the medical literature appeared in 1989, when 

reduced serum levels of HDL cholesterol were detected in patients with 

sarcoidosis, without any correlation with disease activity. In 1998, Salazar 

demonstrated that patients with active sarcoidosis had lower HDL 

cholesterol levels than patients with inactive disease, concluding that a 

reduced serum HDL cholesterol concentration found in untreated patients 

with active sarcoidosis was associated with elevated serum levels of SAA 

(452). Our group contributed to the definition of SAA as a regulator of lipid 

metabolism with a role in the pathogenesis of sarcoidosis (448, 453). 

 

SAA in bronchial asthma 

Asthma is a heterogeneous condition, its prevalence is 5-10% in adults and 

is characterized by different clinical phenotypes, however there is no 

standardized classification system (454). Diagnostic and prognostic serum 

biomarkers of asthma with adequate sensitivity and specificity are needed to 

counteract misguided therapies and misdiagnoses. SAA is strongly induced 

during inflammatory responses: elevated levels of SAA, IL-1β and IL-17 are 

recorded in subjects with severe allergic asthma, although the relationship 

between these mediators is unclear. The Th17 response in allergic airway 

disease is associated with neutrophilia, tissue destruction, and steroid 

insensitivity. Recently, SAA-induced IL-1β, IL-6, and IL-23 have been 

implicated in the initiation and expansion of IL-17-producing T cells 
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involved in respiratory allergies (455-457). SAA is a pro-inflammatory 

mediator capable of promoting antigen-specific pulmonary Th17 responses 

through the activity of the cytokine IL-1. 

 

Role of SAA in lung cancer 

SAA is known as an acute phase protein involved in carcinogenesis. 

Elevated CRP levels have been reported to have prognostic significance in 

lung cancer patients, and a single study demonstrated increased CRP-SAA 

levels in lung cancer patients (458). Elevated CRP-SAA levels were 

significantly associated with severe clinical features of lung cancer and with 

lower survival rates. Sung HJ et al. identified both SAA1 and SAA2 

expression in sera from lung cancer patients but not in healthy controls. Lung 

cancer cells have higher expression of SAA1-SAA2 than normal lung cells, 

and contact culture of lung cancer cells with macrophages was seen to result 

in increased IL-1β and IL-6 , which in turn stimulate lung cancer cells to 

induce SAA1-SAA2. While chronic inflammation is considered to be a 

promoting condition of cancer development, the infiltration of immune cells 

and their secreted cytokines are also components of the tumor 

microenvironment.  The role of SAA in tumor pathogenesis is also related to 

extracellular matrix adhesion proteins. In vitro experiments showed that 

SAA is induced in lung cancer cells inducing MMP-9 expression by 

macrophages. MMP-9 is involved in cancer invasion and metastasis. In 

conclusion, higher concentrations of SAA (SAA1-2) are associated with 

lung cancer (especially adenocarcinoma) and the protein can therefore be 

suggested as a therapeutic target to prevent lung cancer metastasis (459-462). 

Thus, quantification of serum SAA levels in patients with non-small cell 

lung cancer may be a prognostic biomarker to monitor during follow-up 

(463,464). 

 

Role of SAA in other lung diseases 
Few data are available on SAA in other lung disorders. This interesting 

molecule, involved in alterations of lipid metabolism, was related to 

impaired respiratory function (465). The expression of SAA in infectious 
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lung diseases such as tuberculosis has been explored in some manuscripts, 

particularly in miliary tuberculosis SAA has been shown to predict response 

to antibiotic treatments (466).  

Radiation pneumonitis is a serious interstitial lung disease. Patients with 

high-concentration SAA at baseline showed an increased risk of lung 

involvement after lung irradiation, and SAA can be considered as an 

auxiliary bioindicator for predicting the severity of radiation pneumonitis 

(467). 

In patients with cystic fibrosis, SAA and other blood biomarkers (such as C-

reactive protein and calprotectin) have been studied in order to evaluate its 

potential role in detecting response to inflammatory treatments (468). 

Unfortunately, no data are available on other interstitial lung diseases 

including smoking-related ILD, nonspecific interstitial pneumonia; few data 

have been reported on SAA expression in patients with bronchiectasis and 

chronic obstructive pulmonary diseases such as emphysema (469). 

  

SAA and SARS-COV-2 

SAA serum levels were analyzed in some studies on patients affected by 

acute COVID-19. SARS-COV-2 infection increase the SAA amyloid 

formation; overexpression of SAA does not always lead to systemic 

amyloidosis. SARS-COV-2 proteins can increase the risk of SAA fibrils 

formation by these mechanisms: 

o binding of the SK-9 viral protein reduces the stability of the 

biologically active SAA hexamer in which SAA transports lipids 

during inflammation, shifting the equilibrium towards monomers; 

o an enzymatic cleavage transform monomers in smaller fragments 

that are found in SAA fibrils. 

The presence of the viral protein SK-9 increase the risk of amyloid fibrils 

formations and deposition in the blood vessels, causing inflammation and 

thrombosis. It leads to the multisystem inflammatory syndrome observed in 

patients with severe COVID-19 with cardiovascular, gastrointestinal, 

dermatologic and neurological symptoms (470). 
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Patients with severe COVID-19 have diffuse alveolar damage, which 

produce multiple inflammatory factors (IL-1, IL-6) that can rapidly induce a 

1000-fold increase of  SAA serum levels (198,32 mg/l). This biomarker were 

significantly higher in patients with critical COVID-19 (471, 472). 

After his release, SAA binds HDL cholesterol and this complex induce the 

neutrophils activation aggravating the degree of inflammation and leading to 

the worsening of the patient.   
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The project       

Aims and objectives 

Some studies in the literature have shown that lipid metabolism can influence 

the pathogenesis of inflammatory and fibrotic lung disorders. Serum amyloid 

A (SAA) is an acute phase protein (apolipoprotein) mainly produced by the 

liver in response to proinflammatory cytokines from activated monocytes.   

Its physiological role is still unclear, although roles in acute-phase response 

control and/or propagation, lipid metabolism and transport, cell 

communication and many inflammatory/immune responses, such as 

granuloma formation and carcinogenesis, have been suggested. SAA was 

investigated in different biological fluids for its potential as a biomarker of   

many inflammatory lung diseases such as sarcoidosis, obstructive lung 

diseases (COPD, asthma), obstructive sleep apnoea (OSAS) and lung cancer.  

Few data are available on SAA levels in patients with IPF, a chronic 

progressive lung disease associated with a poor survival and a radiological 

and histological pattern of usual interstitial pneumonia (UIP). The clinical 

course of IPF is unpredictable; some patients have a stable form, also favored 

by the use of new antifibrotic drugs, while other patients have rapidly 

progressive variants with phases of acute acceleration and very rapid clinical 

progression. To date, we don't have a marker of severity and prognosis 

capable of establishing the evolution early and being able to send patients 

early to lung transplantation.  The clinical management of IPF has improved 

since the introduction of two new antifibrotic drugs. A current goal of 

research is to diagnose IPF early in order to start pharmacological therapy as 

soon as possible. Since IPF is currently diagnosis by exclusion of other 

fibrotic lung diseases, it would be useful to have a specific biomarker. In this 

project we improve the results of our previous studies published on 2019 and 

2020, were we demonstrated that IPF patients had higher SAA serum levels 

as compared to healthy controls and other ILDs (473, 474).  

We evaluated SAA levels in IPF cohort and patients with other ILDs, to 

definite the potential value of this protein as a biomarker of fibrosis and its 

specificity in IPF. Our aim is to demonstrate the role of the lipid metabolism 

in the fibrotic process, especially the role of the apolipoprotein SAA as a 
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biomarker of IPF that can predict clinical course, prognosis and survival of 

IPF patients.  

 

Materials and methods 

Study population 

We recruited 185 patients and we compared SAA serum concentrations in: 

40 clinically stable IPF ( 32 males, 12 former smokers; mean age 73,32 ± 

6,25  years) and 8 IPF on acute exacerbation - AE-IPF ( 6 males, 8 former 

smokers; mean age 69,38 ±7,90 years), compared to other lung diseases with 

a fibrotic and cystic radiological patterns, but also with acute exacerbated 

patients affected by pulmonary emphysema; 

- 30 patients with Sarcoidosis (6 males, 2 former smokers; mean age 59,27 

± 11,35 years);  

- 30 patients with hypersensitivity pneumonitis (HP) with a fibrotic 

pattern (18 males,  16 former smokers; mean age  66,72 ± 8,44 years);   

- 17 patients with cystic lung diseases: 11 patients with Pulmonary 

Langerhans cell Histiocytosis (PLCH) and 6 patients with 

Lymphangioleyomiomatosis (LAM)  (considering the two groups together 

there were 3 males, 7 former smokers; mean age  50,94 ± 12,08 years);   

- 6 patients with non-specific interstitial lung disease (NSIP) (0 males, 2 

former smokers; mean age  66 ± 12,09 years);  

- 9 patients with  ILDs with a radiological UIP pattern non IPF ( 7 males, 

7 former smokers; mean age 78 ± 5,61 years);  

- 16 patients with Systemic sclerosis with interstitial lung disease (SSc-

ILD) ( 0 males, 4 former smokers; mean age 65,25±10,35 years); 

- 6 patients with acute exacerbation of COPD in pulmonary emphysema 

(4 males, 4 former smokers, 1 current smoker; mean age 69,8 ± 6,3 years); 

- 6 other-ILDs (3 patients affected by diffuse pulmonary ossification and 3 

patients with pleuroparenchimal fibroelastosis). Considering the two groups 

together there were 3 males, 3 former smokers with mean age 74,4± 8,01 

years. 
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SAA serum levels were also analyzed in 17 healthy controls (HC) (7 males, 

8 former smokers; mean age 43,35 ± 13,03 years). They were monitored for 

12 months and did not develop any disease (Table4). 

All these patients were being follow-up at the Regional Reference Center for 

Sarcoidosis and other Interstitial Lung Disease in Siena and the Respiratory 

Department of the Saint Anna Hospital at University of Ferrara, Italy. 

The diagnosis of IPF was made according to the ATS/ERS/JRS/ALAT 

guidelines (1) in a multidisciplinary setting.  

At the time of SAA sampling, patients and controls had been fasting for at 

least 6 hours. After being collected, the blood samples were centrifuged to 

obtain the serum and stored at -80 degrees, before being analyzed. 

Clinical, functional, radiological and immunological data were collected 

from all patients. Laboratory parameters included assessments of complete 

blood count, erythrocyte sedimentation rate (ESR), C-reactive protein, 

fibrinogen, D-dimer, lactate dehydrogenase (LDH), creatinine, total 

cholesterol, high-density lipoprotein (HDL) cholesterol, low-density 

lipoprotein (LDL) cholesterol, triglycerides. Pulmonary function tests 

(PFTs) included forced expiratory volume in 1 second (FEV1), forced vital 

capacity (FVC), forced expiratory volume in 1 second/vital capacity 

(Tiffenau index), intrathoracic gas volume, total lung capacity (TLC), 

residual volume, diffusing capacity of the lung for carbon monoxide (DLCO) 

and transfer coefficient of the lung for carbon monoxide (absolute values 

expressed in milliliters and as a percentage of predicted). All patients 

underwent clinical and functional follow-up with PFTs at 6-months intervals 

in accordance with our protocol. Patients with relevant cardiovascular 

comorbidities, on statin therapy or with ongoing cancer were excluded, 

potentially responsible for the increased SAA levels. All these patients 

underwent bronchoscopy for diagnostic reasons and bacterial, viral and 

tuberculosis infections were excluded. 

Comorbidities were also recorded for the entire population, with particular 

attention to: hypertension, hypercholesterolemia, ischemic heart disease, 

multi-district atherosclerosis (ATS), hepatic steatosis, mild OSAS, diabetes 
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mellitus type II, atrial fibrillation, visceral obesity, bronchial asthma, gastro-

esophageal reflux (GER).  

The incidence of these comorbidities in each group of patients is illustrated 

in Table5. 

In the cystic diseases group there were also 4 patients (23%) who were 

smokers at the time of serum sampling. 

Patients suffering from Sarcoidosis were on oral steroid therapy  (22 patients, 

73%) and immunosuppressive therapy with Methotrexate (2 patients, 6%), 

Azathioprine (5 patients, 16%). 

Sarcoidosis manifested itself with: 

- acute onset in 10 patients (33%), with non-productive cough, fever, 

dyspnoea on exertion, diffuse arthralgias, erythema nodosum;  

- subacute onset in 14 patients (46%), with low-grade fever, asthenia, night 

sweats.  

The radiological staging of sarcoidosis placed 1 patient (3%) at Stage I, 15 

patients (50%) at Stage II, 7 patients (23%) at Stage III, 3 patients (10%) at 

Stage IV I (Table6). 

Extrathoracic involvement of sarcoidosis resulted in: 

- subcutaneous nodules (2 pts, 6%); 

- retropancreatic lymphadenopathy (2 pts, 6%); 

- uveitis (3 patients, 10%); 

- meningeal granuloma (2 patients, 6%), (Table7). 

Patients affected by HP had a positivity for anti-Candida Albicans serum 

precipitins (8 pts, 26%), anti-Aspergillus Fumigatus (7 pts, 23%); anti-

Thermoactinomyces Vulgaris (2 pts, 6%); anti- Micropoluspora Faeni (1 pt, 

3%). Of these patients 24 patients (81%) were taking oral steroid therapy, 5 

patients (16%) were on immunosuppressive therapy with azathioprine and 1 

patient (3%) were on antifibrotic therapy (Nintedanib). 

The group of patients with cystic lung diseases included 6 LAM and 11 

PLCH. Patients with LAM presented with hemoptysis and dyspnea on 

exertion. The presence of renal angiomyolipoma was found in 2 patients 

(11%). At the time of serum sampling, 2 LAM patients (33%) were on 

Sirolimus therapy. In the group of PLCH 6 patients (54%) had exclusive 
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pulmonary involvement, 1 patient (9%) also had bone involvement (femur), 

1 patient (9%) had neurological involvement (pituitary), 3 patients (27 %) 

also had centrilobular emphysema. The onset of PLCH was manifested by 

exertional dyspnea, but in some patients the pathology was occasionally 

found in a chest X-ray performed as a preoperative evaluation for other types 

of surgical interventions. 

Patients on antifibrotic treatment are listed in Table8. In the group of other-

ILDs the 2 patients under antifibrotic treatment (Nintedanib) were affected 

by progressive pleuroparenchimal fibroelastosis. 

The study was approved by the ethics committee (approval number 180712) 

of University of Siena and by the ethics committee (Lung-Biomarkers 

protocol, CE: 303/2023/Oss/AOUFE) of University of Ferrara. 

All patients and controls were Caucasians and signed written informed 

consent to participation in the study, which was approved by the ethics 

committee mentioned before. 

The data were entered in a specific database with survival data. 

SAA assay 

The SAA assay was performed using a commercially available enzyme-

linked immunosorbent assay kit (Human Invitrogen KHA0011) in 

accordance with the manufacturer's instructions. The microplate wells were 

coated with a highly purified monoclonal antibody specific for Human SAA. 

During the first incubation, standards with known SAA contents, controls 

and samples were pipetted into the coated wells, followed by the addition of 

a second biotinylated monoclonal antibody. After washing, the enzyme 

Streptavidin-Peroxidase was added; the latter, by binding to the biotinylated 

antibody, completed the characteristic sandwich of the ELISA method. 

Subsequently to a second incubation and a second washing (necessary to 

remove the unbound enzyme) a solution was added, so as to be welcomed 

by the bound enzyme to produce color. The intensity of the resulting 

coloration was considered directly proportional to the concentration of 

Human SAA present in the analyzed samples. 
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Statistical analysis 

Results were expressed as means and standard deviations. Since the data 

were not normally distributed, Kruskal-Wallis one-way analysis of variance 

and Dunn test were used for multiple comparisons. The Mann-Whitney test 

was used for pairwise comparison of variables. Areas under receiver 

operating characteristic (ROC) curves were assessed and Youden's index 

was used to obtain cut-off values with the best sensitivity and specificity. 

The Spearman test was used to look for correlations between variables. A p-

value less than 0.05 was considered statistically significant. Statistical 

analysis and graphic representation of the data were performed by GraphPad 

Prism 9.0 software. 

 

Results 

Significant differences in gender and smoking habits were observed between 

patient groups. Considering patients affected by interstitial lung diseases,  in 

the groups IPF, AE-IPF, UIP-non IPF, emphysema and other-ILDs patients 

were predominantly males and older than the other groups of patients (over 

65 years of age). 

At time of serum SAA sampling: 

- in the IPF group most of patients had a radiologic UIP definite 

pattern (25 pts, 63%); the remaining 15 patients (37%), had a UIP 

probable radiological pattern; 

- in the AE-IPF group, 6 patients (75%) had a radiological UIP 

definite pattern, 2 patients (25%) had a UIP probable radiological 

pattern. All these patients were hospitalized and on high-dose 

systemic steroid therapy (1 mg/kg); 

- in the Sarco group 3 patients (10%) had a radiological StageIV 

characterized by upper lobes fibrosis with traction bronchiectasis; 

- in the HP group the radiological pattern was mostly characterized 

by apical fibrosis with traction bronchiectasis and honeycombing in 

the upper lung lobes; in 2  patients (6%) there was a UIP definite 

radiological pattern and in 3 patients (10%)  there was diffuse 

ground-glass with concomitant emphysema. In this group 5 patients 
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(16%)  were on immunosuppressive treatment (azathioprine), 1 

patient (3%) was on antifibrotic treatment (Nintedanib), 24 patients 

(81%) were on oral steroid therapy; 

- in the NSIP group 4 patients (66%) had a radiological fibrosing 

pattern prevalent at the bases with traction bronchiectasis; the other 

2 patients (34%) had a chest HRCT pattern of ground-glass in the 

lower lobes, apical fibrotic findings and apical paraseptal pulmonary 

emphysema. In this group 2 patients (33%) were on 

immunosuppressive drugs (rituximab and micofenolate mofetil), 4 

patients (67%) were under oral steroid treatment;  

- in the UIP non IPF group 7 patients were affected by rheumatoid 

arthritis (RA), instead, the other 2 patients had autoimmune features 

but do not fulfill the diagnostic criteria for a defined connective tissue 

disease (IPAF). The group with rheumatoid arthritis had a 

radiological UIP definite pattern in 5 patients (71%); 2 patients 

(28%) had a probable UIP pattern. In this group 3 patients with 

rheumatoid arthritis (42%) were on antifibrotic treatment 

(Nintedanib) for progressive pulmonary fibrosis; only 1 patient 

(14%) was on immunosuppressive treatment (methotrexate); the 

IPAF group has serological domain with ANA (1:320) positive and 

clinical domain with Raynaud phenomenon; 

- in the SSc-ILD group 5 patients (31%) had a radiological UIP 

definite pattern, while 11 patients (69%) had a NSIP pattern. In this 

group 2 patients (12%) were on antifibrotic treatment (Nintedanib), 

10 patients (62%) were on micofenolate mofetil therapy, 1 patient 

(6%) was under tocilizumab therapy, 3 patients (20%) were on 

steroid therapy; 

- in the other-ILDs group 3 patients affected by diffuse pulmonary 

ossification (DPO) had  a radiological pattern of bilateral bone 

density lung lesions in lower lobes, with ground-glass opacities and 

traction bronchiectasis; these patients were not on steroid therapy. 

The 3 patients affected by pleuroparenchymal fibroelastosis (PPFE) 

had a radiological pattern of upper lobes fibrosis with subpleural 
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predominance, with concomitant interstitial thickening at lower lung 

lobes and traction bronchiectasis (UIP-probable pattern) in an 

underlying scleroderma pattern. Two of these patients were under 

antifibrotic (Nintedanib) treatment; 

- in the COPD-emphysema group included 3 patients GOLD2D, 1 

patient GOLD1B, 2 patients GOLD3D.  These patients had a 

radiological pattern of centrolobular and paraseptal emphysema, 

predominantly in the upper lung lobes with clinical acute 

exacerbation of the obstructive lung disease with acute respiratory 

failure, requiring hospitalization, steroid, antibiotic and oxygen 

therapy. 

The functional worsening of the study population is  described in Table9. 

The decline of FVC and DLCO percentage in each group of fibrotic patients 

and sarcoidosis group is illustrated in Fig13.  The graphical representation 

shows how, especially in the IPF group, there was no serious functional 

worsening over the years, probably thanks to the antifibrotic therapy that all 

patients in our study were taking since diagnosis. 

Our results show that IPF patients have significantly higher SAA serum 

levels than the other ILDs  (Table10). 

A comparison analysis with non-parametric ANOVA test shows a clear and 

statistical significant difference between SAA serum levels in the IPF group 

vs healthy controls (p<0.0002), which indicates that SAA is a disease 

marker. Furthermore, the analysis shows that IPF patients have higher SAA 

serum levels than the other groups with a statistically significant difference, 

which would indicate how SAA is a disease marker that allows 

discriminating the IPF patient in a group of fibrotic patients (Fig14-Fig15).  

A ROC curve analysis showed that IPF patients have statistical significance 

higher SAA serum levels than SSc-ILD with a progressive fibrosis, 

identifying a cut-off value  (45,21 mcg/ml, p<0,0001, AUC 97,6 with 

specificity 100%). This data indicates that a patient with a progressive 

fibrosis with serum SAA levels above that cut-off is more likely an 

idiopathic pulmonary fibrosis than another progressive fibrosis with a pattern 

UIP or another radiological pattern. 
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Instead, the ROC-curve analysis between healthy controls SAA levels vs the 

other patients show a statistical significance difference with high specificity  

(AUC > 80%, p < 0,001) which indicates that a subject with serum SAA 

levels < 5 mcg/ml is an healthy subject. This data strengthens our hypothesis 

of SAA as a disease marker but also a discriminating biomarker of IPF. 

Furthermore, if a patient' serum SAA levels have values around 6 mcg/ml, 

this data indicates that an acute inflammation state is already underway (see 

for example the cut-off value for the sarcoidosis group 5.9 mcg/ml). Instead, 

if SAA values are very high with a cut-off > 50 mcg/ml, we can suspect a 

progressive fibrosis lung disease, probably idiopathic (IPF). 

Furthermore, the analysis detected very low cut-off value (5.7 mcg/ml) of 

SAA serum levels in the other-ILDs compared to the other groups with 

progressive fibrosis, confirming the data explained before of SAA being a 

marker of progressive fibrosis and probably specific for IPF (which is a 

progressive fibrosis by definition) (Table11). 

The difference in serum SAA concentration in the IPF and AE-IPF groups 

was statistically significant (p<0.002). By performing a ROC curve of SAA 

in AE-IPF vs stable IPF we detected a cut-off  48,84 mcg/ml highly specific 

for acute exacerbation (AUC: 90.4%; p<0,0024; Se: 87,5%; Sp: 92,31%). 

These results show how serum SAA levels are higher in IPF patients in the 

stable phase compared to those with acute exacerbation, suggesting a role 

for SAA as a biomarker of fibrosis in IPF rather than as an indicator of 

inflammation (Fig16). These data need to be further investigated in a larger 

cohort of patients. 

Considering the “age factor”, a statistical analysis with ANOVA test 

confirms the well-known data from the literature that patients suffering from 

IPF are older than other fibrosis and then patients suffering from interstitial 

lung diseases in which an inflammatory state prevails. It also shows that 

patients with a radiological UIP pattern non IPF are older than other ILDs 

(Fig17). This data could be related to what reveals the statistical analysis 

with Spearman correlation, which shows a direct correlation (rho 0.28, 

p<0.0004) between “Age” and “SAA”. This indicates that in older patients 

(as IPF), we have higher serum SAA levels. It would be interesting in this 
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context to understand whether the age-related alteration of lipid metabolism 

is somehow involved in the process of fibrogenesis. 

We didn't found statistically significant correlation between SAA and 

smoking. 

A statistically significant inverse correlation was found between peripheral 

neutrophilia (in percentage) and DLCO in percentage at T0 (rho -0.25, p 

0.04), which indicates that high peripheral neutrophilia is associated with a 

functional worsening of gas exchange.  So higher neutrophil blood counts 

could be involved in the fibrotic process  leading to a worsening of DLCO 

for the fibrotic subversion of the alveolar-capillary interface. In our study we 

can hypothesize that this data is to be referred in particular to IPF patients, 

strengthened by the statistically significant and inverse correlation between 

DLCO in percentage at T0 and age (rho -0,25, p<0,009), demonstrating that 

the older patients in our study population (i.e. IPF ) already present at T0 

(time of diagnosis) a more compromised functional state, with a high 

peripheral blood neutrophilia, which has a negative predictive value. This 

result demonstrates the role of innate immunity in the pathogenesis of IPF.  

We know that pulmonary fibrosis is the result of a persistent alveolitis with 

abnormal deposition of connective tissue. The alveolitis consists of 

infiltration by inflammatory cells including eosinophils, which  express 

cytokines that can promote inflammation and tissue injury.  In our study we 

found that in the IPF group there was a lower level of eosinophil blood counts 

in patients on Pirfenidon treatment, with a statistical significance difference 

against HP group (p <0,005). This data is in line with literature were some 

authors demonstrated higher eosinophils levels in the BALF of IPF patients, 

associated with a poor prognosis and increased resistance to therapy. 

Furthermore, IPF patients on Nintedanib treatment had higher eosinophil 

blood counts (0,45x10^3/ µL); this data could be interpreted as an effect of 

the antifibrotic itself at the endothelial level. 

We also found that for the same UIP radiological pattern, IPF patients have 

higher absolute levels of monocytes in peripheral blood (p<0.006) than UIP 

non-IPF patients and we know from literature that this data is associated to 

a worse prognosis (Table12, Fig18).  
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In the group of patients suffering from cystic diseases, such as LAM and 

PLCH, statistically significant correlations were detected between serum 

SAA levels and peripheral eosinophils (r=-0.7, p=9E-03). The inverse 

correlation indicates how the increase in serum levels of SAA corresponds 

to a decrease in blood eosinophil counts, supporting the role of SAA in the 

formation of parenchymal cysts (through the stimulation of MMPs), 

contributing to the progression of these interstitial diseases towards a chronic 

evolutionary disease, leaving the initial inflammatory one behind.  
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Discussion 

SAA is a pleiotropic protein involved in the regulation of inflammatory 

processes and lipid metabolism. SAA levels are elevated in patients with 

chronic inflammatory lung diseases such as sarcoidosis and chronic 

obstructive pulmonary disease (COPD), but also in lung cancer, connective 

tissue diseases and interstitial lung diseases. In 2019 we evaluated the serum 

levels of SAA in IPF patients, publishing for the first time a study that 

demonstrated a statistically significant difference in SAA concentrations 

between healthy controls and IPF patients (stable phase), and a direct 

correlation between SAA values and functional decline in FVC. High serum 

SAA values correlated with worse survival, suggesting a prognostic role of 

this biomarker. 

The current study aims to validate our previous results on a larger population 

of IPF patients in order to evaluate the specificity of SAA in IPF compared 

to other ILDs and better define its role as a possible prognostic biomarker of 

the disease. 

It is not clear how an acute phase protein involved in inflammatory processes 

can be overexpressed at a peripheral level in a fibrotic disease, where 

inflammation has a marginal pathogenetic role; while its increase in 

interstitial lung diseases in which the inflammatory process prevails, such as 

sarcoidosis, was already known and well documented. Probably, SAA is 

produced following profibrotic and hypoxic stimuli. For example, SAA 

levels have been found to be elevated in other lung diseases associated with 

hypoxic stimuli, such as COPD, asthma and obstructive sleep apnea 

syndromes (OSAS). The low partial pressure of oxygen would induce the 

activation of many mediators including acute phase proteins. The correlation 

between hypoxemia and SAA expression in IPF patients is intriguing and 

could partially explain our results; hypoxia, which favors the onset of 

cardiovascular comorbidities in IPF patients, would also have a negative 

prognostic role due to the involvement of SAA as a mediator of lipid 

metabolism (with reduction of HDL cholesterol) in these patients. 

Our findings allow to hypothesize SAA as a possible specific biomarker for 

IPF patients.  
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Our results clearly demonstrated higher serum SAA levels in IPF compared 

to other pulmonary fibrosis (61,64 ± 8,52 mcg/ml), including sarcoidosis in 

which SAA had been proposed as a prognosis marker potentially involved 

in the pathogenesis.  

The results of our study showed higher SAA values in IPF patients in stable 

phase compared to those with acute exacerbation (AE-IPF), although with 

the limitation of the small sample of AE-IPF patients (due to the fact that our 

patients often present exacerbated phases of the disease which lead them to 

be hospitalized in hospitals other than our center, making it difficult to obtain 

serum samples for our laboratory). This data suggest the role of SAA as a 

biomarker of fibrosis in IPF rather than as an indicator of inflammation 

(since in the exacerbated phase were inflammation prevails over fibrosis). 

It almost seems that this data indicates that AE-IPF is not determined by a 

true inflammatory state, at least not systemic, in fact detecting a decrease in 

serum SAA levels in the acute phase compared to the stable phase of IPF 

(unlike as demonstrated in the literature where in systemic inflammation 

from chronic intestinal diseases or in septic states there is an increase in 

serum SAA resulting from the inflammatory state). Probably, this protein 

could be considered a marker of fibrosis/ progressive fibrosis. Perhaps, the 

increase of SAA  serum levels in IPF vs other ILDs, in a statistically 

significant manner, would indicate that upstream of the entire pathway of its 

release there is not exactly an inflammatory stimulus but rather a profibrotic 

stimulus. 

SAA levels, as known in the literature, are not modified by ongoing steroid 

or immunosuppressive therapy. In our study many patients with pulmonary 

fibrosis with a prevalent inflammatory pattern or with acute exacerbation of 

the disease were taking high-dose steroids or immunosuppressive drugs at 

the time of SAA sampling. 

Our results show a clear statistically significant difference between SAA 

serum levels in the IPF group vs healthy controls (p<0.0002), which 

indicates that SAA is a disease marker.  

Furthermore, IPF patients have higher SAA serum levels than the other ILD 

groups with a statistically significant difference, which would indicate how 
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SAA is a disease marker that allows discriminating the IPF from others 

fibrosis. 

Our data show that IPF patients have statistical significance higher SAA 

serum levels than SSc-ILD with a progressive fibrosis, indicating that a 

patient with a progressive fibrosis with serum SAA levels above that cut-off  

(45,21 mcg/ml) could have IPF, regardless of the radiological pattern. 

According to our results, with low serum SAA concentrations < 6 mcg/ml 

we can discriminate healthy subjects from inflammatory pathological status. 

Instead, if the SAA values are very high with a cut-off > 50 mcg/ml, we can 

suspect a progressive fibrosis lung disease, probable IPF. 

In line with literature, our IPF patients were older than the other groups.  

Our statistically significant positive correlation between “age” and “SAA” 

confirm the correlation of IPF with age. This indicates that in older patients 

(as IPF), we have higher serum SAA levels. It would be interesting in this 

context to understand whether the age-related alteration of lipid metabolism 

is somehow involved in the process of fibrogenesis. 

Our results confirm what is being studied in the literature about neutrophils 

involvement in the fibrotic process. In our patients the high peripheral 

neutrophilia is associated to a functional worsening of gas exchange (DLCO) 

This could be explained by the fact that the SAA-HDL complex 

chemoattracts inflammatory cells and it can interfere with the lipoxin 

signaling pathway, which can increase the survival time of neutrophils and 

aggravate the degree of inflammation. The neutrophil elastase is involved in 

extracellular matrix turnover, as well as the proliferation of lung fibroblasts 

and myofibroblast differentiation.  Some studies demonstrated that blood 

neutrophilia is associated with a decline in FVC and mortality in IPF; it is 

also associated to a progression to IPF in patient with a radiological UIP 

indeterminate pattern (476). In our population older patients (as IPF) already 

present at T0 (time at diagnosis) a more compromised functional state, with 

a high neutrophilia with a negative predictive value. This result demonstrates 

the role of innate immunity in the pathogenesis of IPF. Innate immunity can 

be a target for IPF treatment, including via neutrophils. 
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We know that pulmonary fibrosis is the result of a persistent alveolitis with 

abnormal deposition of connective tissue. The alveolitis consists of 

infiltration by inflammatory cells including eosinophils,  which release 

cytokines and stimulate the proliferation, migration and activation of 

mesenchymal cells increasing matrix synthesis (477,478). In our results IPF 

patients have lower eosinophils blood count and this data is explained by 

what is described in the literature relating to the higher BALF eosinophilia 

in IPF patients, associated to a poor prognosis. The low level of eosinophil 

blood counts is probably a consequence of alveolar tissue eosinophilia, the 

place where the fibrogenetic process occurs with the involvement  of 

eosinophils. Eosinophil blood counts results to be lower in IPF patients 

compared to other ILDs. Furthermore, the peripheral eosinophilia increases 

during antifibrotic therapy (Nintedanib) in the IPF group and this data could 

be interpreted as an effect of the antifibrotic itself at the endothelial level. It 

could be hypothesized that this drug causes a recall of eosinophils from the 

tissue compartment to the vascular one, with consequent functional stability 

of the disease. It is known from the literature that some authors have 

analyzed the BALF in IPF patients, detecting eosinophilic alveolitis (>10%), 

which suggests that these inflammatory cells may be involved in the process 

of fibrogenesis and therefore it would be interesting to study how SAA may 

be related to it. 

IPF patients have, instead, higher absolute levels of monocytes in peripheral 

blood than UIP non-IPF patients. 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-β, 

metalloproteinasis (MMPs), eventually leading to fibroblast activation, 

myofibroblast differentiation and extracellular matrix (ECM) remodeling. 

Peripheral blood monocyte counts 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 10^9 cell/µL-1 is strongly associated 

with disease progression; a monocyte count > 0.95 x 10^9 cell/µL-1 indicating 

a very high risk for poor outcomes (120-122). 
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Regarding cystic diseases, such as LAM and PLCH, statistically significant 

and inverse correlation was detected between SAA levels and peripheral 

eosinophilia. This correlation indicates how increasing serum levels of SAA 

corresponds to a decrease in eosinophilia, supporting the role of SAA in the 

formation of parenchymal cysts (through MMP stimulation), contributing to 

the progression of these interstitial diseases towards a chronic form 

evolutionary, leaving the initial inflammatory one behind. In fact, literature 

data report how SAA induces the overproduction of matrix metalloproteases 

(MMP-5, MMP-7, MMP-1, MMP-9). 

In IPF patients, the marked expression of SAA could be a consequence of 

fibrogenesis, given that this protein is not only produced at the liver level but 

also by fibroblasts and in turn, with the induction of metalloproteases, could 

favor the expansion of the fibrotic process. Metalloproteases are also known 

to be involved in the metastatic process of lung tumors, in tissue remodeling 

and in lymphangiogenesis. They are in fact implicated in the pathogenesis of 

LAM: MMPs are present in LAM lesions. Furthermore, literature data 

reports that serum MMP-9 levels are higher in patients with LAM than in 

normal subjects. They can facilitate cell migration and contribute to the 

formation of pulmonary cysts, with clinical and functional worsening of the 

disease.  

Our data about SAA in ILDs support the hypothesis that lipid metabolism is 

involved in the fibrotic process. We know that phospholipids and 

sphingolipids are the structural components of the membranes and regulate 

intra and intercellular signaling. These lipids can release some mediators that 

regulate cellular functions, migration, proliferation and apoptosis. 

Aberrations in phospholipids and sphingolipids metabolism have been 

identified as potential contributors to the pathophysiology in IPF. Some 

studies demonstrated that lipotoxicity due to accumulation of saturated fatty 

acids may have a role in the development of lung fibrosis in IPF by inducing 

reactive oxygen species (ROS) and apoptosis of alveolar epithelia cells 

(AECs). Nitrated fatty acids (NFAs) are physiological activators of the 

nuclear hormone receptor peroxisome-activated receptor-γ (PPARγ). 

Agonists of this receptor exhibit antifibrotic properties in vitro. NFAs 
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upregulated PPARγ and blocked TGF-β induced fibroblast differentiation in 

vitro. This data suggest therapeutic potential of NFAs in pulmonary fibrosis. 

(479). 

SAA is an apolipoprotein that can replace apolipoprotein A1 (apoA1) as the 

major apolipoprotein of HDL. Some studies demonstrated that apoA1 BALF 

levels were lower in IPF patients compared to healthy controls. This 

apolipoprotein is produced by the liver and has many anti-inflammatory 

mechanisms, including inhibition of TNF, IL-6, IL-8 release. ApoA1 is the 

major apolipoprotein of HDL, the anti-inflammatory effect of HDL may be 

caused by the action of ApoA1. We know that SAA binds HDL (isoform3) 

cholesterol, reducing HDL levels in blood stream and the Apo1 protection 

from acute lung damage (480). 

  

Limitations of the study 

• IPF patients are all on antifibrotic treatment; 

• AE-IPF group includes few patients (but we must also consider the 

fact that acute exacerbations of the disease are seen less thanks to 

antifibrotic therapy); 

• healthy-controls are younger than all others patients. 

 

Conclusions 

Our findings about SAA support the hypothesis of such protein as a potential 

specific biomarker for IPF that can predict clinical course and prognosis of 

patients. SAA could discriminate an inflammatory ILD from a pulmonary 

progressive fibrosis mainly for IPF (which is a progressive fibrosis by 

definition). Monitoring serum levels could be useful to identify patients with 

rapidly progressive IPF disease phenotype or at risk of acute exacerbation, 

in order to direct such patients to antifibrotic therapies and lung 

transplantation earlier.Moreover, it strengthens the hypothesis about the role 

of lipid metabolism in the fibrotic process. SAA may play a crucial role in 

the regulation of lipid metabolism and production of MMPs in IPF. May be 

SAA could become a potential  target for IPF treatment, including via 

apolipoproteins. 
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Figures and tables 

 

  
Fig1: Mechanisms of tumorigenesis in Idiopathic pulmonary fibrosis (IPF). Repetitive 
injurious stimuli of unknown origin in genetically predisposed individuals may lead to 
activation of fibroblasts, aberrant accumulation of extracellular matrix, and abnormal 
bronchiolization of alveolar epithelium mediating development of honeycomb cysts. An 
ongoing interaction between metaplastic epithelial cells with accumulated genetic 
alterations and activated mesenchymal cells triggers cancer initiation and progression. 
(EMT: epithelial-mesenchymal transition; LCA: lung cancer) (76). 
 

 

              
Fig2: Diagnosis of Idiopathic pulmonary fibrosis (IPF) through radiological and 
histological patterns- ATS 2022 (1).  
* UIP= usual interstitial pneumoniae; HRCT= high resolution computed tomography 
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             Fig3: Diagnostic algorithm of Idiopathic pulmonary fibrosis (IPF). ATS 2022 (1). 
 * UIP= usual interstitial pneumoniae; MDD=multidisciplinary discussion;  
 BAL=bronchoalveolar lavage; TBLC= transbronchial lung cryobiopsy;  
 SLB= surgical lung biopsy. 
 

 

  

 
 
 

 
 
Fig4: Mechanisms of Idiopathic pulmonary fibrosis (IPF) pathogenesis based on 
proteomics data (78). 
*AEC= alveolar epithelial cells 
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Fig5: Diagnostic algorithm of Hypersensitivity Pneumonitis (HP) according to Delphi 
consensus 2017 (136). 
* BAL= bronchoalveolar lavage; HRCT= high resolution computed tomography; UIP= 
usual interstitial pneumoniae; cHP= chronic-HP 
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Fig6: Radiological patterns of Hypersensitivity Pneumonitis (HP) (142). 
The nonfibrotic typical HP pattern is characterized by (A) centrilobular nodules, (B) mosaic 
attenuation on an inspiratory scan, and (C) air trapping on an expiratory scan.  
The nonfibrotic compatible-with-HP pattern (D) is exemplified by uniform and subtle 
ground-glass opacity and cysts.  
The fibrotic typical HP pattern consists of (E) coarse reticulation and minimal 
honeycombing in a random axial distribution with no zonal predominance in association 
with (F) small airway disease.  
The fibrotic compatible-with-HP pattern varies in the patterns and/or distribution of lung 
fibrosis (e.g., basal and subpleural predominance, [G] upper-lung-zone predominance, [H] 
central [or peribronchovascular] predominance, or [I] fibrotic ground-glass attenuation 
seen alone or in association with small airway disease).  
The fibrotic indeterminate-for-HP pattern includes the usual interstitial pneumonia pattern, 
nonspecific interstitial pneumonia pattern, organizing pneumonia–like pattern, or truly 
indeterminate findings. 
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Fig7: Diagnostic algorithm of Hypersensitivity Pneumonitis (HP) according with ATS 
guidelines 2020 (142). 
* HRCT= high resolution computed tomography; TBLB= transbronchial lung biopsy; 
TBLC= transbronchial lung cryobiopsy; SLB= surgical lung biopsy 
 
 
 
 
 
 

             
 
Fig8: Diagnosis and pathogenesis of sarcoidosis granuloma (330) 
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Fig9: Diagnostic algorithm of Sarcoidosis (352) 
 
 
 
 
 
 
 
 

 
 
Fig10: Treatment algorithm of Sarcoidosis (369) 
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Fig11: New approach to management of pulmonary sarcoidosis (371) 
 
 
 
 
 
 
 

                          
 
Fig12: Factors associated to the risk of developing interstitial lung disease in Systemic 
Sclerosis (384). 
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Fig.13: Functional decline of FVC and DLCO percentage at T0 (time at diagnosis and 
starting treatment), T6 (6 months after diagnosis), T12 (12 months after diagnosis), T24 (24 
months after diagnosis), T36 (36 months after diagnosis) in the study population.   
 

 

 

 

 

 
Fig14: Statistical analysis comparing SAA serum levels in the patient groups 
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Fig15: Graphical representation of statistical analysis comparing SAA serum levels in the 
study population  
 
 
 
 
 

 
Fig16: ROC-curve analysis beetween IPF and AE-IPF according to SAA serum levels.   
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Fig17: Statistical analysis comparing age in the ILDs groups. 
 
 
 

 
Fig18: Statistical analysis comparing  eosinophil and monocyte blood counts among ILDs 
groups 
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Table1: Radiological Scadding classification of Sarcoidosis (336) 
 
 

 
 
Table2: Organs involvement of Sarcoidosis (331) 
 
 

                              
                 
Table3: Criteria for the classification of Systemic Sclerosis according to European League 
Against Rheumatism and the American College of Rheumatology (378). 
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Table4:  Demographic characteristics of the study population. 
 
 
 
 
 

 
Table5: Main comorbidities in the study population. 
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Table6: Type of onset, therapy and radiological staging in patients with sarcoidosis. 
 
 

 
Table7: Extrathoracic involvement in sarcoidosis patients. 
 
 

 
Table8: Patients on antifibrotic treatment. 
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Table9: Functional worsening in the study population at T0 (time at diagnosis and starting 
treatment), T6 (6 months after diagnosis and starting treatment), T12 (12 months after 
diagnosis and starting treatment), T24 (24 months after diagnosis and starting treatment), 
T36 (36 months after diagnosis and starting treatment). 
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Table10:  SAA serum levels in the study population. 
 
 

 
Table11:  ROC-curve analysis according to SAA serum levels in the study population. 
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Table12: Eosinophils and monocytes blood-count at the time of SAA sampling in the study 
population. 
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