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ABSTRACT Interstitial lung diseases are a group of diffuse parenchymal lung disorders associated with

substantial morbidity and mortality. Knowledge achieved in recent years has resulted in the publication of

the new classification of idiopathic interstitial pneumonias, according to which there are three groups:

major, rare and unclassified. The novelty of the new classification comes from the fact that difficult to

classify entities can be treated according to the disease behaviour classification. Idiopathic pulmonary

fibrosis is the most lethal amongst the interstitial lung diseases and presents high heterogeneity in clinical

behaviour. A number of biomarkers have been proposed in order to predict the course of the disease and

group patients with the same characteristics in clinical trials. Early diagnosis and disease stratification is also

important in the field of other interstitial lung diseases.
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Introduction
This review reports the relevant progress in the field of interstitial lung disease (ILD) (table 1), as reviewed

during the Clinical Year in Review session that was presented at the 2013 European Respiratory Society

(ERS) Annual Congress in Barcelona, Spain.

All relevant articles were identified via PubMed using the keywords ‘‘interstitial lung disease’’, ‘‘pulmonary

fibrosis’’, ‘‘connective tissue disease’’, and ‘‘collagen vascular disease’’. Articles that were published before

the 2012 ERS Annual Congress and after the 2013 ERS Congress were excluded.

Update of the international multidisciplinary classification of idiopathic interstitial
pneumonias
The objective of the 2013 American Thoracic Society (ATS)/ERS classification statement [1] is to update the

2002 ATS/ERS classification of idiopathic interstitial pneumonias (IIPs) (table 2) [2]. Major revisions of the

previous classification are summarised below. Cryptogenic fibrosing alveolitis has been removed, leaving the

term idiopathic pulmonary fibrosis (IPF). Nonspecific interstitial pneumonia (NSIP) is now accepted as a

distinct clinical entity. Major IIPs (e.g. IPF, idiopathic NSIP, respiratory bronchiolitis (RB)-ILD,

desquamative interstitial pneumonia (DIP), cryptogenic organising pneumonia (COP) and acute interstitial

pneumonia) have been retained, but are distinguished from rare IIPs and unclassifiable cases and grouped

into chronic fibrosing (IPF and NSIP), smoking-related (RB–ILD and DIP), and acute/subacute IIPs (COP

and acute interstitial pneumonia). Lymphoid interstitial pneumonia (LIP) frequently presents in the context
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of other diseases and rarely in its idiopathic form. Thus, this entity has now been moved from the major

IIPs to the rare IIPs. In the same group idiopathic pleuroparenchymal fibroelastosis (PPFE) has been added.

This entity is characterised by the presence of pleural and subpleural lung parenchyma fibrosis. Two new

rare histological patterns of acute fibrinous and organising pneumonia and interstitial pneumonias with a

bronchiolocentric distribution have been recognised. A clinical disease behaviour classification has been

proposed and molecular and genetic features are being reviewed.

The guideline underlines the importance of multidisciplinary diagnosis (MDD). Adequate presentation and

discussion of clinical and radiological data are essential for an accurate MDD. MDD defines the settings in

which surgical lung biopsy is required. Observer agreement in the diagnosis of IIPs has been improved

substantially due to accumulated experience [3]. In addition, academic physicians in a multidisciplinary

setting have shown better diagnostic agreement than community physicians [4]. Based on these findings,

current guidelines underline the need for patient evaluation in referral centres using multidisciplinary

evaluation [4, 5]. RYERSON and COLLARD [6] have thoroughly discussed the merits and limitations of each

possible approach to ILD classification. Despite its recommended use, the multidisciplinary approach has

some limitations. First, it is not feasible to implement it in many practice settings. Secondly, it is difficult to

standardise as it is subjective and imprecise and, on occasion, results in a diagnosis based on the ‘‘most

likely’’ aetiology in the opinion of the ‘‘majority’’ of participants. Finally, there is no clear method to assess

the accuracy of these MDD and, assuming agreement is a surrogate of accuracy, it is probably an imperfect

surrogate. An aetiology-based classification of ILD appears to be very useful for diseases that are managed

by removing the underlying cause or treating the underlying cause directly. However, it fails to identify

TABLE 1 Progress made in the field of interstitial lung disease

Key messages
According to the new classification, IIPs are categorised as major, rare and unclassifiable
MDD discussion is the ‘‘gold standard’’ for the diagnosis of the IIPs
For entities with heterogeneity in the clinical course and that are difficult to classify, a disease behaviour classification complementary to IIP

classification has been proposed
IPF is a progressive and lethal fibrosing lung disease with an unpredictable course
Disease stratification aims to identify subgroups of patients who present similar characteristics and should be treated accordingly or enrolled

in treatment trials
Gene polymorphisms related to host defence and cell repair are associated with the development of IPF
Markers of IPF progression have been identified by blood transcriptomic and proteomic studies
A combination of blood transcriptome with demographic and functional characteristics provides better information on the outcome of IPF
Early diagnosis and treatment of IPF comorbidities may have a positive effect on patients quality of life
Disease stratification and early identification of patients more likely to progress, and thus need more aggressive treatment, is also important in

CTD-ILD
Predicting the clinical course of sarcoidosis, especially lung fibrosis and cardiac and neurological involvement, is still challenging
Potential novel genomic biomarkers, such as multi-gene signatures, can be useful to predict complicated sarcoidosis
In the presence of cardiac sarcoidosis, ICD therapy may be used as a component of an aggressive primary prevention strategy, especially in

those patients with ventricular dysfunction
As second-line therapy in sarcoidosis, methotrexate and azathioprine are equally effective in terms of pulmonary function improvement and

have a significant steroid-sparing effect

IIP: idiopathic interstitial pneumonia; MDD: multidisciplinary diagnosis; IPF: idiopathic pulmonary fibrosis; CTD: connective tissue disease; ILD:
interstitial lung disease; ICD: implantable cardioverter defibrillator.

TABLE 2 Update of the classification of idiopathic interstitial pneumonias

Major idiopathic interstitial pneumonias
Idiopathic pulmonary fibrosis
Idiopathic nonspecific interstitial pneumonia
Respiratory bronchiolitis-interstitial lung disease
Desquamative interstitial pneumonia
Cryptogenic organising pneumonia
Acute interstitial pneumonia

Rare idiopathic interstitial pneumonias
Idiopathic lymphoid interstitial pneumonia
Idiopathic pleuroparenchymal fibroelastosis

Unclassifiable idiopathic interstitial pneumonias
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idiopathic ILD. Another complementary approach to ILD classification is based on disease behaviour. Key

advantages are that it is often easier for clinicians and acknowledges diseases heterogeneity, whereas the

main limit is that it ignores potentially important details relating to aetiology, which may be important in

the prognosis and management of patients. In the future, a mechanism-based classification may allow us to

group individual patients with ILD according to disease pathogenesis, allowing more accurate

prognostication and targeted therapy. This is the future of medicine and it will revolutionise our approach

to the classification and treatment of patients. Unfortunately it is not currently ready for clinical use.

With regard to difficult differential diagnostic aspects, the current guidelines focus on four main concepts.

1) Clinical, radiological and pathological features of chronic hypersensitivity pneumonitis are now

better delineated. However, chronic hypersensitivity pneumonitis remains difficult to diagnosis. Current

guidelines underline the importance of MDD for the distinction of chronic hypersensitivity pneumonitis

from other IIPs, especially when the exposure is not readily apparent. 2) Cases of NSIP with findings

suggesting, but not meeting, criteria for a defined CTD are still accepted as an IIP [7]. 3) Familial interstitial

pneumonia remains classified as an IIP despite the genetic predisposition. 4) When coexisting patterns

occur (NSIP and usual interstitial pneumonia (UIP) or different patterns of smoking-related IIPs), MDD

may determine the clinical significance of individual patterns. Combined pulmonary fibrosis and

emphysema (CPFE) is an example of coexisting patterns and does not represent a distinctive IIP.

Progress made since 2002 is briefly reported below. The diagnosis of IPF, according to updated evidence-

based guidelines [5], requires exclusion of other known causes of ILD, the presence of a UIP pattern on

high-resolution computed tomography (HRCT) in patients not subjected to surgical lung biopsy (SLB), and

specific combinations of HRCT and SLB patterns in patients subjected to SLB. Patients with IPF and

definite UIP on HRCT have a shorter survival than those with indeterminate HRCT findings [8–10]. NSIP

is now accepted as a separate entity and criteria were defined in a recent ATS workshop [11]. Recent

findings suggest that subpleural sparing may be helpful in distinguishing NSIP from UIP [10].

Consolidation, if present, reflects an organising pneumonia component and may suggest CTD;

honeycombing is sparse or absent at presentation but may increase in prevalence and extent during

follow-up [11]. The prognosis is variable as some patients improve while others remain stable, but some

evolve to end-stage fibrosis and eventually die [11, 12]. The term ‘‘smoking-related ILD’’ has increasingly

been used, encompassing most cases of DIP and nearly all cases of RB-ILD and Langerhans’ cell histiocytosis

[13]. Despite the link with smoking, these diseases remain classified in the IIPs. RB-ILD is increasingly being

diagnosed without SLB in smokers with these HRCT findings, and where bronchoalveolar lavage (BAL)

demonstrates smokers’ macrophages and the absence of lymphocytosis. DIP has been recognised in

nonsmokers [13], perhaps reflecting an extension of childhood DIP into adult life (with the latter often due

to surfactant protein gene mutations) [14]. 10-year survival remains at ,70%, with resistance to treatment

occurring in a significant minority. DIP and RB-ILD need to be distinguished from smoking-related

changes, including respiratory bronchiolitis and airspace enlargement with fibrosis, which represent

incidental HRCT and histological findings in smokers and are not regarded as distinct forms of IIP. IIPs

may have an acute or subacute presentation. Patients with COP typically present with a subacute illness of a

relatively short duration (median ,3 months). COP continues to be included in the classification of IIP

because of its idiopathic nature and the tendency, on occasions, for it to be confused with other forms of

IIP, especially when there is progression to fibrosis. Acute interstitial pneumonia is a distinct IIP

characterised by rapidly progressive hypoxaemia, mortality of o50% and no proven treatment. HRCT

scoring of abnormality extent is independently associated with mortality [15]. Acute interstitial pneumonia

can progress to a pattern similar to fibrotic NSIP or to severe fibrosis resembling honeycombing [16]. Acute

exacerbation of IIP mostly occurs in IPF, but is also found in other fibrosing interstitial pneumonias

[17–23]. Most commonly, the pathology shows a mixed pattern of UIP and diffuse alveolar damage, but

organising pneumonia and prominent fibroblastic foci are also described as the acute component [20].

A new category of rare IIPs was created to include idiopathic LIP and idiopathic PPFE. In addition, several

rare histological patterns of ILD have been described, including acute fibrinous and organising pneumonia,

as well as a group of bronchiolocentric patterns, although these are not recognised as distinct IIPs. Most

cases of LIP are associated with other conditions [24], and many of the cases previously diagnosed as LIP are

now considered to be cellular NSIP [2, 11]; therefore, idiopathic LIP has been moved into the category of

rare IIPs. Idiopathic PPFE is a rare condition that consists of fibrosis involving the pleural and subpleural

lung parenchyma, predominantly in the upper lobes [25]. Acute fibrinous and organising pneumonia was

first reported in 17 patients with acute respiratory failure and was initially regarded as a possible new IIP; it

has now been classified as a rare histological pattern.

The 2002 ATS/ERS classification proposed an ‘‘unclassifiable’’ category of IIP, acknowledging that a final

diagnosis may not be achieved, even after lengthy MDD. If ILD is difficult or impossible to classify,
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management should be based on the most probable diagnosis after MDD and consideration of the expected

disease behaviour. Patterns of disease behaviour can be broadly subdivided into: reversible and self-limited

(e.g. many cases of RB-ILD); reversible with risk of progression (e.g. cellular NSIP and some fibrotic NSIP,

DIP and COP); stable with residual disease (e.g. some fibrotic NSIP); progressive, irreversible disease with

potential for stabilisation (e.g. some fibrotic NSIP); and progressive, irreversible disease despite therapy (e.g.

IPF and some fibrotic NSIP).

Advances in understanding the pathogenetic mechanisms of IPF
Despite remarkable improvement in the understanding of IPF, key pathogenetic pathways need to be

explored further. The interaction between environmental stressors and genetic predisposition seems to be

the key to unlocking and activating the multiple pathogenetic pathways that drive the development of

fibrosis [26, 27]. After alveolar epithelium injury there is increased activity of type II alveolar epithelial cells,

which proliferate in order to repair the damage. However, the repair process fails and leads to fibrosis. In

the fibrotic lung it was observed that angiotensin converting enzyme-2, which showed a protective effect in

bleomycin-induced fibrosis [28], is downregulated or absent in actively proliferating epithelial cells and

presents a cell-cycle dependent regulation via a JNK mechanism [29].

CHILOSI and co-workers [30, 31] speculate that IPF can be related to an acceleration of the ageing process,

where the individual genetic background, as well as exposure to a variety of toxic substances, can accelerate

pulmonary senescence. Premature ageing and mechanical stress can impair lung function in different ways,

affecting distinct progenitor cells and leading to stem cell exhaustion [32]. Moreover CARLONI et al. [33]

showed that mechanical stress may play an important role in triggering specific pathways at the periphery of

the lung, providing a possible explanation for the peculiar distribution of lung fibrosis in IPF. To further

support the concept that IPF is a disease of premature ageing, dehydroepiandrosterone (DHEA) and its

sulfated form (DHEA-S), which have been previously linked to the impaired function of the immune

system occurring with ageing, have been evaluated in the serum of IPF patients [34]. The levels of both

steroids were decreased in males with IPF whereas only DHEA-S was reduced in females with IPF.

Moreover, the effect of DHEA has been investigated in cell cultures of normal human lung fibroblasts and it

has been observed that this steroid decreases fibroblast proliferation and increases apoptosis. The effect in

other steps of the fibrogenetic process is also important as the authors showed that DHEA reduces the

fibroblast to myofibroblast differentiation and the collagen production induced by transforming growth

factor (TGF)-b1, as well as fibroblast migration induced by platelet-derived growth factor. Because of these

multiple antifibrotic properties, DHEA could represent an intriguing future therapeutic option.

Studies published recently regarding genetic phenotyping, peripheral blood transcriptome, and plasma and

serum biomarkers have tried to shed light on what seems to be the main target in future IPF research in

terms of treatment, namely disease stratification [35, 36]. Recently, polymorphisms in several genes

associated with the development of either sporadic or familial forms of IPF have been investigated. A

common polymorphism in the promoter region of the MUC5B gene has been estimated to increase the risk

of IPF six-fold for heterozygotes and 20-fold for homozygotes [37]. MUC5B is a mucin secreted in the

airways and implicated in mucosal immune defence by protecting the surface epithelium of the airways,

properties that make its role in the development of an ILD, such as IPF, unexpected. It has been suggested

that increased secretion of MUC5B may interfere with the normal repair process of the epithelium or may

be directly toxic and stimulate a fibroproliferative response. However, it should be stressed that 19% of the

unaffected patients also have the MUC5B risk variant, suggesting that other genetic variants may contribute

to the development of IPF in combination with the MUC5B risk variant. Subsequently, and somewhat

surprisingly, it was observed that this polymorphism conferred a survival benefit in IPF patients [38], and

that it was associated with a trend towards slower decline of forced vital capacity (FVC) suggesting the

presence of at least two different clinical subtypes based on this signal [39]. Hypotheses for this apparently

contradictory finding include an enhanced mucosal defence with protection against infection and a

potential dual role of MUC5B in wound healing. Two studies have shown that this polymorphism is

associated with an IPF-specific pathway by confirming previous findings and demonstrating no association

with the development of fibrosis in the context of sarcoidosis and systemic sclerosis (SSc) [39, 40]. Other

evidence that distal airways may participate in the development of IPF has been recently suggested [41]. In

lung tissues of IPF patients, cilium-associated genes were expressed and, importantly, the higher expression

was accompanied by increased expression of MUC5B and matrix metalloproteinases (MMP)-7 which

identified a distinct clinical phenotype characterised by more extensive microcystic honeycombing and

possibly worst outcome. This finding was further validated in an independent cohort of IPF patients.

A genome-wide association study of 2492 individuals with fibrotic IIPs and 6573 controls has also

confirmed previous findings that risk variants in three loci on the telomerase RNA component, telomerase

reverse transcriptase and MUC5B genes are associated with the development of IIPs [37, 42, 43] and, in
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addition, has identified seven more loci related to genes controlling host-defence, cell–cell adhesion and

DNA repair suggesting that alterations of these mechanisms may promote fibrogenesis [44]. Another

genome-wide association study of 1428 IPF patients and 1931 controls has identified single nucleotide

polymorphisms (SNPs) in the gene for TOLLIP and SPPL2C that also promote fibrogenesis [45]. However,

a contradictory finding that merits further investigation has been observed. On the one hand, the specific

minor allele rs5743890 protects against fibrosis and, on the other hand, is associated with more rapid disease

progression and mortality.

The peripheral blood transcriptome can be used in order to identify the presence of IPF and importantly

correlates well with disease severity. 1428 genes were differentially expressed in patients characterised as

having mild IPF (diffusing capacity of the lung for carbon monoxide (DLCO) ,60% predicted) compared to

controls and in 2790 with severe IPF (DLCO ,35% pred) compared to controls, whereas 13 genes were

differentially expressed between patients with mild and severe disease [46]. Most of these genes are

implicated in the function of the immune system and host defence. A recent study has added more useful

information about the ability of the transcriptome to predict outcome [47]. Using two independent cohorts,

the authors examined peripheral blood mononuclear cell gene expression and found 52 genes associated

with transplant-free survival (TFS). The genes CD28, ICOS, LCK and ITK were under expressed and

associated with shorter TFS. The gene expression, evaluated with quantitative RT-PCR, was decreased in IPF

and when combined with demographic (age and sex) and functional (FVC) characteristics provided a better

outcome prediction.

Previous findings that peripheral blood proteins, such as mucin-1 (MUC1-KL6), CC chemokine ligand-18

(CCL-18) and surfactant protein-A [48–50], are related to increased mortality have been enhanced by a

large-scale follow-up study which identified that MMP-7 (a marker of alveolar epithelial cell injury),

S100A12 and interleukin (IL)-8 (markers of neutrophil recruitment and activation), intercellular adhesion

molecule-1 and vascular cell adhesion molecule-1 (markers of oxidative stress in the lung) in both

derivation and validation cohorts of IPF patients were predictive of poor survival [51].

Deregulation of humoral immunity is associated with IPF. B-cell aggregates, activated T-cells and mature

dendritic cells have been reported in the IPF lung, increasing the likelihood of antigen presentation activity

[52, 53]. Moreover, activated CD4+ T-cells produce either cytokines, which induce the production of auto-

antibodies from B-cells, or mediators such as IL-10, TGF-b1 and tumour necrosis factor (TNF)-a, which

promote fibrogenesis [54]. For instance, the presence of auto-antibodies against periplakin, a small protein

localised in desmosomes, in the serum and BAL of IPF patients was associated with severe disease [55].

Antibodies against heat-shock protein (HSP)-70 have been observed in 25% of 122 patients with IPF and

were present in 70% of the patients who experienced acute exacerbation. In terms of disease progression,

anti-HSP-70 was associated with greater FVC reduction and reduced 1-year survival [56]. The study leaves

the option open for the future use of drugs targeting humoral dysregulation, such as rituximab, after the

disappointment caused by the results of the PANTHER-IPF study [57], despite criticisms about their

interpretation [58].

Innate immunity has been proposed to have a role in the development and progression of IPF, mainly

through the activation of Toll-like receptor (TLR)-9 [59, 60]. TLR-3, amongst other properties, regulates

the recognition of viral pathogen-associated molecular patterns. Viruses have been implicated in both

pathogenesis and acute exacerbations of IPF [61, 62]. The TLR-3 L412F polymorphism has been associated

with defective function of the receptor and with accelerated disease progression [63].

In the past few years there has been a lot of discussion about the necessity of the early identification and

treatment of various comorbidities in IPF and how this can improve the quality of life of the patients [26].

Pulmonary hypertension is a well-recognised comorbidity in ILDs and is considered as a predictor of poor

survival and an indicator for immediate listing for lung transplantation [64]. Recently, it was confirmed that

pulmonary hypertension has an important impact on outcome as, in a cohort of patients with advanced IPF

assessed for lung transplantation, the presence of pulmonary hypertension at baseline was associated with a

significantly higher risk for the development of adverse events and, consequently, with poor survival [65].

The gene expression profile of laser captured microdissected pulmonary arterioles was compared between

patients with IPF-associated pulmonary hypertension, IPF without pulmonary hypertension and controls.

The vascular gene expression signal, which was characterised by aberrant cellular growth and altered

apoptosis, was different in IPF patients compared to controls, but was similar in two IPF groups suggesting

that preclinical vascular disease may be present in patients with normal tests during work-up for the

diagnosis of pulmonary hypertension [66].
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Adding pieces to the complex IPF clinical profile puzzle
IPF is a chronic, fibrosing ILD characterised by heterogeneous clinical features and a highly variable course

with inter-individual variability that impairs our ability to predict prognosis. The clinical spectrum of this

disease, and its morbidity and mortality, are also influenced by the coexistence of multiple comorbidities

that are now better recognised, including gastro-oesophageal reflux disease, venous thromboembolism,

coronary artery disease, sleep disordered breathing, depression, emphysema, pulmonary hypertension and

lung cancer. The identification and treatment of comorbidities may improve morbidity and potentially

impact on mortality, thus awareness of the spectrum of comorbidities is important in optimising outcomes

in this group of patients [67]; especially for gastro-oesophageal reflux disease (GORD), infections and

pulmonary hypertension, which seem to impact on disease progression and increase the risk of an acute

exacerbation of IPF [68].

ALLAIX et al. [69] compared the clinical presentation, the oesophageal function and the reflux profile in 80

patients with GORD to 22 patients with GORD and IPF. Results showed that GORD is often asymptomatic

in IPF patients, with heartburn present in ,60% of patients with GORD and IPF. The upper oesophageal

sphincter was more frequently hypotensive in IPF patients, with a higher proximal oesophageal acid

exposure and a slower supine acid clearance in patients with GORD and IPF compared with patients with

GORD only. Reflux features have been further investigated by SAVARINO et al. [70]. 40 consecutive patients

with IPF, 40 patients with ILD other than IPF and 50 healthy volunteers were studied. IPF patients had

significantly higher oesophageal acid exposure (9.25% versus 3.3% versus 0.7%) and proximal reflux events

(median 51 versus 20 versus nine) compared to non-IPF patients and healthy volunteers, respectively.

Pulmonary fibrosis HRCT scores correlated well with reflux episodes. These studies show that IPF patients

had a very severe degree of overall reflux disease compared, not only with non-IPF patients, but also with

those with other respiratory disorders with an established GORD association, such as asthma, cough and

laryngitis. Pulmonary fibrosis patients have a high risk of pulmonary aspiration of gastric contents even in

the absence of typical reflux symptoms, and despite evidence of normal oesophageal peristalsis. The

increased frequency of reflux implies that GORD should be documented and treated adequately to prevent

microaspiration of gastric contents and its potential deleterious effect in the induction, progression and/or

exacerbation of pulmonary fibrosis in patients with IPF.

Emphysema can be associated with IPF as described in CPFE syndrome by COTTIN and co-workers [71, 72].

A recent study by RYERSON et al. [73] revised this entity and attempted to better define its clinical profile and

prognosis. Clinical characteristics and outcomes of CPFE and non-CPFE IPF patients were compared in two

large cohorts of 365 IPF patients. 29% of patients had some emphysema detectable on HRCT, 13.4% had at

least 5% emphysema. The authors choose a pre-specified cut-off of o10% emphysema to define CPFE

based on its ease of use, excellent inter-rate reliability, and its potential clinical relevance in identifying

Global Initiative for Chronic Obstructive Lung Disease (GOLD) grade II equivalent disease. CPFE defined

according to these criteria was present in 8% of cases. Overall agreement between the two radiologists on

the presence of CPFE was 96% (k-value of 0.74), and did not change significantly for different threshold

definitions. Patients with CPFE had more extensive smoking history, greater oxygen requirements, higher

pulmonary artery pressure, less restrictive physiology and lower diffusing capacity. Patients with IPF and

CPFE have less physiological restriction and worse gas exchange compared to IPF patients without

emphysema. The higher FVC found in patients with CPFE is only partially explained by less severe fibrosis

in these patients, as illustrated by the difference in FVC that remains after adjustment for fibrosis score. It

seems most likely that emphysema is mitigating the impact of the fibrosis on ventilatory physiology.

Fibrosis and emphysema have similar and cumulative effects on gas exchange, reflected by disproportionate

oxygen requirement, low DLCO and pulmonary hypertension in CPFE. Inhaled therapies for chronic

obstructive pulmonary disease (COPD) were used in 53% of patients with CPFE. By using a 10% threshold

to define CPFE, which probably corresponds to GOLD grade II disease or worse, the authors identified a

population of patients who might benefit from short- and long-acting bronchodilators, with the addition of

inhaled corticosteroids in some patients. There was no association between the diagnosis of CPFE and

disease progression on unadjusted or adjusted analyses. The two groups of patients had similar mortality

and the same median TFS of 2.8 years. These data are in contrast with previous studies that suggested that

CPFE patients have a worse prognosis compared to non-CPFE patients [71, 72]. One remaining question is

whether CPFE represents a biologically distinct condition (i.e. a different disease) or is just IPF and

emphysema in the same patient. As claimed by CHILOSI and co-workers [30, 31], different pulmonary

diseases, including COPD/emphysema and IPF, can be related to an acceleration of the ageing process. The

individual genetic background, as well as exposure to a variety of toxic substances (primarily cigarette

smoke), can contribute significantly to accelerating pulmonary senescence. Premature ageing and

mechanical stress can impair lung function in different ways, affecting distinct progenitor cells

(mesenchymal stem cells in COPD and alveolar epithelial precursors in IPF) and leading to stem cell
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exhaustion [32]. Future research in CPFE will require evaluation of underlying biological pathways to

address this question and explain why some smokers develop emphysema, some IPF and some CPFE.

It has been shown that IPF patients are more likely than controls to have venous thromboembolism [74], and

both epidemiological and laboratory studies suggest that activation of the coagulation cascade within the lung

may be involved in the pathogenesis of IPF. BARGAGLI et al. [75] showed procoagulant status to correlate with

IPF and acute exacerbation of IPF compared to both NSIP and healthy controls. NAVARATNAM et al. [76]

investigated the presence of a pro-thrombotic state in a large cohort of patients. They recruited 211 incident

cases of IPF and 256 age- and sex-matched general population controls and reported that IPF cases were more

than four times more likely than controls to have a pro-thrombotic state (OR 4.78 (95% CI 2.93–7.80);

p,0.0001). Cases with a pro-thrombotic state were also likely to have more severe disease at presentation

(FVC ,70% pred; OR 10.79 (95% CI 2.43–47.91)) and had a three-fold increased risk of death (hazard ratio

(HR) 3.26 (95% CI 1.09–9.75)). While the results of these investigations establish a strong association between

a pro-thrombotic state and IPF, they do not prove causation and clinical management of patients remains to

be further elucidated. Experimental evidence from clinical trials assessing the efficacy of anticoagulants for IPF

treatment has provided conflicting results [77, 78], and a retrospective study has recently shown that even the

current use of an anticoagulant for a cardiovascular indication can worsen IPF progression and survival [79].

These results suggest that biomarkers of coagulation, along with other ‘omics-based biomarkers, may be useful

to identify high-risk individuals and to target investigations of primary and secondary prevention. However,

future research needs to focus on novel agents for prevention [80].

The prevalence of pulmonary hypertension in the setting of IPF is reported to be 32–85%, and CPFE has

been recognised as a strong determinant of secondary pre-capillary pulmonary hypertension [68, 81].

Recent evidence reinforces the view that pulmonary hypertension is an important contributor to increased

mortality and morbidity in IPF patients [82, 83], and has recognised the need to diagnose the coexistence of

pulmonary hypertension early in order to evaluate selected patients for lung transplant in a timely manner.

Despite the fact that medications currently approved to treat pulmonary hypertension have been

administered for pulmonary hypertension in the setting of IPF, reliable data on the safety and efficacy of

pulmonary hypertension treatment are lacking. RAGHU et al. [84] conducted a large randomised, double-

blind, placebo-controlled trial (www.ClinicalTrials.gov identifier NCT00768300) which was designed to test

the safety and efficacy of ambrisentan in reducing the rate of IPF progression. The trail was terminated early

after the enrolment of 492 patients (75% of intended enrolment) because ambrisentan-treated patients were

more likely to experience disease progression (90 (27.4%) versus 28 (17.2%) patients, HR 1.74 (95% CI

1.14–2.66); p50.010). Respiratory hospitalisations were seen in 44 (13.4%) and nine (5.5%) patients in the

ambrisentan and placebo groups, respectively (p50.007). 26 (7.9%) patients who received ambrisentan and

six (3.7%) who received placebo died (p50.100). 32 (10%) ambrisentan-treated patients and 16 (10%)

placebo-treated patients had pulmonary hypertension at baseline, and analysis stratified by the presence of

pulmonary hypertension revealed similar results for the primary end-point. To date, pulmonary

hypertension remains a poorly understood comorbidity in IPF that significantly impacts on prognosis,

but it is still very challenging to treat.

Infectious agents, including both viruses and bacteria, have been associated with IPF and may influence

disease behaviour [58, 85, 86]. If infections play a causal role in disease progression and acute exacerbations

it is possible that antiviral and antibiotic drugs may be effective in modifying the course of this devastating

disease. SHULGINA et al. [87] conducted a double-blind, multicentre study among 181 patients with fibrotic

IIP (89% diagnosed as definite/probable IPF) randomised to receive co-trimoxazole 960 mg twice a day or

placebo for 12 months. Co-trimoxazole had no effect on FVC, DLCO, 6-min walk test or Medical Research

Council dyspnoea score. However the use of co-trimoxazole reduced respiratory tract infections and

resulted in a significant reduction in the percentage of patients requiring an increase in oxygen therapy (OR

0.05 (95% CI 0.00–0.61)) and in all-cause mortality (co-trimoxazole: three out of 53; placebo: 14 out of 65)

(HR 0.21 (95% CI 0.06–0.78); p50.02). Compared with placebo the incidence of nausea and rash was

increased. The use of co-trimoxazole can’t be widely adopted based on these preliminary results, but this

trial encourages future investigations in this direction.

Another issue that has been discussed is whether circulating autoantibodies in IPF are clinically meaningful.

The role of autoimmunity is better delineated in other ILDs, such as idiopathic NSIP [88], but it is still

unclear in IPF. LEE et al. [89] compared 67 IPF patients to 52 healthy controls and found positive

autoantibodies in 22% of IPF patients and 21% of healthy controls, without significant differences in the

types of autoantibodies or clinical characteristics between IPF, with and without circulating autoantibodies.

The presence of circulating autoantibodies was associated with longer TFS time on adjusted analysis;

however, the significance varied depending on which statistical model was used (HR 0.22–0.47, p-value

0.02–0.17). This result needs to be confirmed by further studies.
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The recent literature shows an increased incidence of obstructive sleep apnoea (OSA) in patients with ILD,

and particularly with IPF [90]. MERMIGKIS et al. [91] treated 12 patients with newly diagnosed IPF and

moderate-to-severe OSA with continuous positive airway pressure (CPAP), confirmed by overnight

attended polysomnography, and found a significant improvement in daily living activities based on the

Functional Outcomes in Sleep Questionnaire. Despite intense follow-up, two patients had difficulty

complying with CPAP and stopped treatment after the first month.

Many recent studies are focusing on the quality of life issues of IPF patients, and depression is increasingly

being recognised as an important comorbidity in IPF [92]. BAJWAH et al. [93] conducted the first study to

examine in depth the impact of symptoms and psychosocial needs of IPF patients’ and of their informal

caregivers’. The authors revealed the profound effect on every aspect of the patients’ and caregivers’ lives.

RAVAGLIA et al. [94] reported on the possible organisational support related to the dying process and quality

of care in the last week of life of IPF patients with acute exacerbation who did not respond to treatment.

Patients were referred to a palliative care unit with benefit in palliation of symptoms and response to

patient’s and family needs. Despite a wide acknowledgment that patients with nonmalignant diseases would

benefit from access to palliative care, debate continues as to whether or how this can be. To understand this

better we need research that addresses the impact of general and specialist palliative care on the physical and

psychosocial health of IPF patients and their caregivers.

In the past decade numerous multicentre, randomised, placebo-controlled trials have investigated different

agents with different mechanisms of action. Based on some of these studies the first IPF-specific drug,

pirfenidone, has recently been licenced for use in Europe [95]. In the past year, safety reports of pirfenidone

in real-life practice have been published both from Japan and Europe, confirming that pirfenidone is well

tolerated and can improve progression-free survival in IPF [96–98]. However, this is just the first step on a

long road towards successful treatment of IPF, and we should keep walking with it clear in our mind that

combinations of various agents may be more effective [99]. As has been shown for the treatment of lung

cancer with which IPF presents many similarities [100]. Many other therapeutic trials are still ongoing, and

the results of large trials with novel agents, such as nintedanib (www.ClinicalTrials.gov identifier

NCT01335477) and N-acetylcystine (PANTHER-IPF, www.ClinicalTrials.gov identifier NCT00650091) are

due. Other approaches, such as regenerative medicine, are pointing towards a successful application of stem

cell treatment in a degenerative disease such as IPF and are showing intriguing preliminary results [101].

ILD associated with collagen tissue disorders
ILD associated with SSc represents, together with pulmonary hypertension, the most common cause of

death [102]. Fibroblasts present altered characteristics in SSc and play an important role in the development

of lung fibrosis by producing excessive amounts of extracellular matrix. It is believed that targeting lung

fibroblasts may be an important step for future treatment. A recent mRNA microarray study of lung

fibroblasts in SSc-associated NSIP has produced important findings [103]. First, a similarity in gene

expression profile with IPF has been observed and a drug targeting fibroblasts may be effective in both

diseases. However, this finding warrants further study because of the small number of IPF patients.

Secondly, the authors observed a suppression of a large gene programme, namely interferon-stimulated

genes, in both diseases compared to controls. It can be hypothesised that this suppression could enhance

lung fibrosis progression through fibroblast proliferation and apoptosis resistance. Interestingly,

suppression of interferon-stimulated genes has also been observed in cancers representing one more

similarity between fibrogenesis and tumorigenesis [103].

Disease stratification and early identification of patients who are more prone to progress, and thus in need

of more aggressive treatment, is also important in the field of SSc-ILD. In this regard, a staging system using

disease extent on HRCT with an ancillary role for the lung function test in ‘‘indeterminate’’ cases [104, 105],

and a series of markers of epithelial injury and epithelial cell damage have been implemented [106–109].

Recently, increased levels of IL-6 have been proposed as marker of a decline in FVC and/or DLCO within the

first year, and of death within the first 30 months in patients with mild disease [110]. Patients who are in

the ‘‘grey zone’’ between mild and extensive disease would either progress at some stage in the future or

remain stable. It is the former group that needs to be identified at an early stage in order to receive more

aggressive treatment with the aim to prevent progression, whereas in the latter group a policy of masterful

inactivity with very close follow-up should be adopted. The authors concluded that IL-6 could be a useful

marker for this purpose after validation in prospective studies.

Pulmonary complications in rheumatoid arthritis (RA) are not uncommon and account for the death of

10–20% of patients. Moreover, it was recently observed that clinically significant ILD associated with RA (RA-ILD)

occurs in 10% of the patients and is associated with shorter survival and more severe underlying disease [111].
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Interestingly, the subgroup of patients with RA-UIP, which is also the pathological counterpart of IPF, tends to

have the same dismal outcome as IPF. Thus, early identification of ILD is crucial.

Citrullination is a post-translational modification, most probably triggered by cigarette smoking. It has been

postulated that citrullinated antigens may be neo-epitopes, which break immunological tolerance and lead

to RA and other extra-articular manifestations. Anti-citrullinated protein antibodies (ACPA) have been

found to precede the diagnosis of RA and two elegant studies have tried to shed light on their involvement

in the development of RA-ILD. In the first study [112], methods based on differential immunoprecipitation

of citrulinated extracts have identified citrullinated versions of Hsp90a and Hsp90b as autoantibody targets

distinguishing RA-ILD from RA without ILD, mixed connective tissue disease (CTD) and IPF. These

autoantibodies showed low sensitivity (20–30%), but were highly specific for RA-ILD (.95%) [112].

In the second study [113], the relationship between the number and fine specificity of ACPA with the

presence and extent of RA-ILD on HRCT have been explored. The levels of ACPA were, as expected, higher

in smokers compared to nonsmokers in RA-ILD compared to RA whereas the levels of antibodies against

non-citrullinated antigens were similar in both subgroups. Moreover, an expanded repertoire of ACPA was

an indicator of fibrotic elements in HRCT, such as reticulations, honeycombing and traction bronchiectasis,

and of restrictive pattern on lung function tests. In addition, ACPA were more associated with the UIP

pattern than with NSIP. RA-UIP presents a worse outcome than RA-NSIP and the findings of this study

may, at least partly, explain these differences in pathogenesis and outcome.

An elegant study has provided important and intriguing evidence of a possible pathogenetic linkage between

RA-ILD, IPF and smoking-related emphysema. The authors have observed that in both IPF and RA-ILD,

the prevalence of emphysema, evaluated on HRCT, was associated with a surprisingly lower pack-years

smoking history compared to control patients with or without COPD [114]. Another important finding was

that in smokers there was increased prominence of honeycombing and coarseness of fibrosis. Taken

together, these findings justify the future evaluation of pathogenetic pathways common to pulmonary

fibrosis and smoking-related lung damage.

CTD-ILDs are usually treated with anti-inflammatory and immunosuppressive drugs and most of the time

respond well to these drugs. However, discontinuation of the treatment due to side-effects or progression of

the disease despite treatment may occur. While the results of the ongoing Scleroderma Lung Study II, which

compares the effect of cyclophosphamide versus mycophenolate mofetil, are awaited, a retrospective study

of a large number of patients with CTD-ILD has shown that mycophenolate mofetil is well tolerated with

low rate of discontinuation when used either as a second- or third-line steroid sparing drug when

cyclophosphamide or azathioprine are discontinued because of increased toxicity [115]. Moreover, in

patients with CTD-UIP, the use of the drug was associated with stabilisation of both FVC and DLCO,

whereas both parameters were significantly improved in non-CTD-UIP patients. The effect of rituximab, a

chimeric monoclonal antibody with high affinity for the CD20 surface antigen expressed on pre-B-

lymphocytes and B-lymphocytes resulting in depletion of B-cells from the peripheral circulation for up to

6–9 months, has been evaluated in a large cohort of patients with non-IPF ILD in which CTD-ILD was the

predominant disease pattern [116]. Patients with previously progressive disease despite immunosuppression

have experienced an improvement in FVC and at least a stabilisation of DLCO 6–12 months following

treatment with rituximab.

Sarcoidosis
Predicting the clinical course of sarcoidosis, especially the evolution into severe lung dysfunction or cardiac

and neurological involvement (complicated sarcoidosis), represents a challenge for physicians dealing with

this disease. At present, currently available biomarkers fail to identify individuals at risk for complicated

sarcoidosis. In a recent study, ZHOU et al. [117] attempted to discover a universal gene signature to

distinguish individuals at risk of sarcoidosis in comparison to healthy controls and patients with other

fibrotic lung disorders, and to identify complicated sarcoidosis. For this purpose, the genome-wide gene-

expression data of African–American and European descent ancestries were compared. Initially, sarcoidosis

candidate gene studies focused on granuloma formation and selected immune response pathways; in

particular, those involved in antigen presentation such as the human leukocyte antigen loci [118–120]. In

recent years, genome-wide association studies have become more accessible and a German study on 947

sarcoidosis patients found a strong association for a polymorphism in the butyrophilin-like 2 (BTNL2) gene

with the development of sarcoidosis [121]. ZHOU et al. [117], using genome-wide peripheral blood–gene

expression analysis, identified a non-targeted 20-gene sarcoidosis biomarker signature that was able to

distinguish sarcoidosis from healthy controls (accuracy of 86%), and which also served as a molecular signature

for complicated sarcoidosis (accuracy 81%). In an elegant fashion, the authors compared this unbiased 20-gene

signature with a 31-gene signature targeting the T-cell receptor/JAK-STAT/cytokine-cytokine receptor
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signalling pathway genes implicated in the pathogenesis of sarcoidosis, with the latter achieving lower accuracy

in predicting complicated sarcoidosis. These results were validated in two different independent sarcoidosis

blood gene expression datasets. Interestingly, 30 SNPs corresponding to six genes of the signature were found to

play a possible role in regulating the expression and determining the variation of sarcoidosis signature genes

[117]. Despite the small sample size of patients, especially those with complicated sarcoidosis, a potential novel

genomic biomarker in the diagnosis of sarcoidosis, as well as for diseases with a complicated course, has been

identified. Further validation in a replicate cohort, as well as testing versus other granulomatous disorders, is

necessary to confirm the universal role of this 20-gene signature.

Phenotyping sarcoidosis patients is of central importance for targeted management and treatment. For

example, patients with pulmonary sarcoidosis in fibrotic stage can have a chronic progressive evolution or

can develop acute worsening of respiratory symptoms. The prevalence of acute worsening of lung

sarcoidosis remains unknown. In the past this clinical entity has been described as acute pulmonary

exacerbations of sarcoidosis [122]. Recently, BAUGHMAN et al. [123] studied 129 patients with fibrotic

sarcoidosis. Acute worsening of sarcoidosis, which was defined as an episode in which the patient was either

prescribed an antibiotic for 5–21 days and/or a short increase in systemic glucocorticosteroids for increased

respiratory symptoms (an abnormal imaging was not mandatory), occurred in 73% of cases. Patients with

bronchiectasis on HRCT, as well as patients receiving anti-TNF therapies, experienced a higher number of

acute worsening events [123]. Even if this study has several limitations, above all the retrospective design,

the lack of radiological data and the lack of investigation of the effect of steroid dosage on the frequency of

acute events, this is the first study that has systematically focused on this aspect. Further studies are

necessary to confirm the existence of acute worsening as a separate clinical entity or phenotype; however,

what emerges from this study is that patients with fibrotic sarcoidosis should be carefully managed and

properly treated in order to reduce the risk of acute worsening events [123].

With regard to recent advances in the diagnostic methods of sarcoidosis, it is still under debate as to

whether endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is superior to

transbronchial lung biopsy (TBLB) for the diagnosis of sarcoidosis [124].

The usefulness of EBUS-TBNA for diagnosing sarcoidosis was first reported in 2007, in a series of 65

patients where the sensitivity was 92% [125]. Subsequent studies have suggested that EBUS-TBNA is more

sensitive compared to standard TBLB, especially for radiological stage I disease [124, 126]. Recently, VON

BARTHELD et al. [127] published the results of a randomised controlled trial (GRANULOMA) comparing

conventional bronchoscopy (including transbronchial and endobronchial mucosal biopsies) with

endosonography (oesophageal or endobronchial ultrasonography)-guided nodal aspiration for the

detection of noncaseating granulomas in patients with suspected pulmonary sarcoidosis. Of 304

randomised patients, 149 were randomised to conventional bronchoscopy with transbronchial and

mucosal biopsies and 155 to endosonography. BAL was performed in all patients. The primary outcome was

to detect noncaseating granulomas in patients with a final diagnosis of sarcoidosis. Endosonography

reached a diagnostic yield of 80% while TBLB reached only 53%. Among patients with suspected stage I/II

pulmonary sarcoidosis, endosonography compared with TBLB resulted in a greater diagnostic yield (84%

and 77% versus 38% and 66% for stage I and II, respectively). These results are in line with previous findings

[128]. However, the yield of bronchoscopic biopsy was astonishing low (53%) compared to previous

reports which described yields of o80% for all sarcoidosis stages. With regard to the safety profile, the

secondary end-point of the study, serious adverse events were uncommon with both procedures. Despite

several limitations, such as the presence of an incorporation bias, this study is important because it states

the importance of endosonographic evaluation over other procedures in confirming sarcoidosis [127].

The evaluation of symptoms and health status in sarcoidosis patients is critical, together with objective

parameters, for the decision to start treatment. The King’s Sarcoidosis Questionnaire (KSQ), recently

proposed by PATEL et al. [129], is a modular multi-organ health status measure for patients with sarcoidosis. It

is the first tool to assess organ-specific health status and can be used in clinics and research to aid evaluation of

therapies. As described in the study by PATEL et al. [129], a preliminary KSQ was validated by the authors using

a systematic statistical approach with Rasch analysis, commonly used in the development of health status

tools. Redundant items were removed on the basis of the first analysis. The final questionnaire, tested in 207

patients with sarcoidosis, consists of five modules: general health status (10 items); lung (six items);

medication (three items); skin (three items); and eye (seven items). The KSQ correlated with other

questionnaires, such as the St George’s Respiratory Questionnaire and the Short-Form 36 questionnaire, and

correlated weakly with pulmonary function tests. In comparison to the classical Sarcoidosis Health

Questionnaire [130], the KSQ has several advantages. 1) It can be tailored to individual clinical phenotypes

and contains more items assessing fatigue, medications and extra-pulmonary organ involvement including eye

disease. 2) It is a quick, highly repeatable and valid tool to identify health status issues that are important to

INTERSTITIAL LUNG DISEASE | K.M. ANTONIOU ET AL.

DOI: 10.1183/09059180.00009113 49



patients in the clinic. Interestingly, a specific medication module can be used to assess the impact of

medications on health status. Even if further studies are needed to investigate whether excluded items, such as

sleep disturbances and sexual health, could impact on the utility, the KSQ represents an important advance for

a more precise cross-sectional and longitudinal assessment of patient’s health status.

In the management of sarcoidosis patients, cardiac involvement often represents a pitfall. Cardiac

involvement is accurately diagnosed before death in only 29% of patients but it accounts for 13–25% of all

deaths in patients with sarcoidosis [131]. Sudden death is the most common manifestation of cardiac

sarcoidosis, involving .60% of patients [132]. It is unclear whether implantable cardioverter defibrillator

(ICD) therapy is effective in the prevention of sudden death. In a recent study by SCHULLER et al. [133], 112

subjects with cardiac sarcoidosis were investigated in three institutions. 32% of the subjects received

appropriate therapy for ventricular arrhythmias over the follow-up period and an ICD storm, defined as

three or more appropriate ICD therapies in 24 h, occurred in 14% of the patients. Through multivariate

analysis the investigators found that left and right ventricular dysfunction were significant predictors of

future ICD therapies (OR 6.52 and 5.64 for left and right ventricular dysfunction, respectively) [133].

Interestingly, even among 83 patients with a primary prevention device, the incidence of appropriate ICD

therapies was 11.3% annually. Based on these findings the authors suggest an aggressive prospective

screening approach for sarcoidosis patients in whom cardiac involvement is suspected. When cardiac

involvement is established, ICD therapy may be used as a component of an aggressive primary prevention

strategy, especially in those patients with ventricular dysfunction.

With regard to sarcoidosis treatment, although new therapies for sarcoidosis are emerging, long-term

steroid treatment is still the gold standard [134]. Methotrexate and azathioprine are used in the clinical

practice as second-line therapeutics for refractory sarcoidosis or as steroid sparing agents [135]. In a recent

study, VORSELAARS et al. [136] investigated the efficacy of methotrexate versus azathioprine as first-choice

second-line therapy in sarcoidosis.

In this retrospective study, 145 patients treated with methotrexate and 55 with azathioprine were included.

Both medications showed similar positive effects on lung function (improvement in forced expiratory

volume in 1 s and DLCO at 1 year). A significant steroid sparing potency was seen for both drugs, with a

decrease of the daily dosing regimen of 6.32 mg?year-1 [136]. Although the results concerning methotrexate

confirm previous observations [137, 138], this is the first time that comparable efficacy with azathioprine

has been reported. With regard to the safety profile, the incidence of side-effects was comparable for both

drugs, except there was a higher infection rate in the azathioprine group (35% versus 18%). The major

concern of this study is that two different institutions, in two different countries, followed two cohorts using

one or the other drug in a non-random fashion. However, the study shows that both drugs are equally

effective in terms of pulmonary function improvement and have a significant steroid-sparing effect [136].
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