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1.SUMMARY 

 
 

Idiopathic Lung Fibrosis 

Ivan Lovro Tomac 

 

  

Idiopathic lung fibrosis is a chronic disease affecting the pulmonary interstitium or 

parenchyma. As such it has signs typical of other interstitial lung diseases such as dyspnea, 

hypoxia, chronic cough and clubbing of fingers. It typically affects older patients with a 

history of smoking or exposure to some occupational pollutants as well as patients with a 

positive family history. Multiple hypotheses are present that would explain this condition, 

including both genetic factors and environmental factors such as smoking or air pollutants. It 

is safe to say that this disease is caused by an interplay of various factors and not one single 

cause. It is a relatively rare disease with a very poor prognosis. Diagnosis is complex and 

involves a multidisciplinary approach. In addition to proper anamnesis and physical exam 

other more advanced procedures such as high-resolution computerized tomography imaging. 

Cryobiopsy and bronchoalveolar lavage are also needed for excluding differentials and for 

establishing a diagnosis. Important treatment breakthroughs have been made in recent decades 

owing to newly discovered antifibrotic drugs. These have greatly impacted our treatment 

procedures for idiopathic lung fibrosis, by helping to prologue life and improve symptoms. 

Because of this they have injected a newfound optimism into treatment of this difficult 

condition. Another important consideration in idiopathic lung fibrosis are the various 

comorbidities associated with this condition. As with most chronic conditions we have 

numerous comorbidities such as lung cancer, esophageal reflux, heart failure and pulmonary 

embolism that must be recognized and treated because they can significantly alter the 

patient’s outcome.    

 

 

 

 

Key Words: Idiopathic, Pulmonary, Lung, Fibrosis, Review 
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1.SAŽETAK 

 
 

Idiopatska Plućna Fibroza 

Ivan Lovro Tomac 

 

 

 Idiopatska plućna fibroza je kronična bolest koja zahvaća plućni intersticij ili 

parenhim. Klinička slika odgovara simptomima karakterističnim za intersticijske bolesti pluća 

poput dispneje, hipoksemije, kroničnog kašlja i batićastih prstiju. Obično zahvaća starije 

pacijente koji imaju  povjest pušenja ili su izloženi raznim zagađivačima, a dokazana je i 

genetska predispozicija odnosno može biti prisutna i pozitivna obiteljska povijest. Postoji 

nekoliko hipoteza o uzroku ove bolesti koje uključuju  genetske  zajedno s  okolišnim 

faktorima poput pušenja i okolišnih zagađivača. Relativno je rijetka bolest s vrlo lošom 

prognozom. Postavljanje dijagnoze je vrlo složeni proces koji zahtijeva multidisciplinarni 

pristup. Potrebna je detaljna anamneza i fizikalni pregled kao i naprednije procedure poput 

kompjutorizirane tomografije visoke rezolucije. Kriobiopsija i bronhoalveolarna lavaža su 

također potrebni u pojedinim slučajevima za  postavljanje dijagnoze i isključivanje drugih 

diferencijalnih dijagnoza. Posljednjih desetak godina dostupnošću dvije vrste antifibrotika u 

liječenju idiopatske plućne fibroze poboljšala se značajno  kvaliteta života i smanjila smrtnost 

pacijenta s navedneom bolešću. Potrebno je naglasiti da treba potvrditi i  liječiti moguće 

komorbiditete kao što su tumori pluća, plućna hipertenzija, srčano zatajenje i plućna embolija 

jer oni također utječu na tijek bolesti. Njihovo rano prepoznavanje i liječenje pospješuje 

kvalitetu života bolesnika.  

 

 

 

 

 

 

Ključne riječi: Idiopatska, Plućna, Fibroza, Pregled 
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2.INTRODUCTION 

Idiopathic lung fibrosis (ILF) is a chronic, fibrosing interstitial pneumonia of unknown 

etiology (1). It is part of a larger group of diseases known as idiopathic interstitial pneumonias 

(IIP) (2). Primarily it effects the older population and has a very poor prognosis. It is 

characterized by chronic clinical progression with episodes of acute exacerbation (AE ILF). 

Although ILF is a rare disease, because of its poor prognosis and insidious onset it is very 

important to recognize this entity in its early stage and initiate treatment promptly. 

Various environmental factors as well as intrinsic genetic factors are now thought to play a 

role in pathogenesis of ILF. The fact that we have a familial and sporadic form lend support to 

this conclusion. This area of ILF research is still undergoing extensive investigation and 

various hypotheses have been proposed for explanation of ILF, but we can say that it is likely 

that a combination of these various factors is responsible.    

ILF may be very difficult to diagnose and the list of differential diagnoses is extensive as will 

be shown later in the text. The main difficulties come from nonspecific symptoms that have 

an insidious onset, and even with the proper diagnostic tools the results may overlap with 

other interstitial pneumonias or chronic pulmonary diseases. Nevertheless, diagnosis is easier 

now than in the past because we now have a more sophisticated understanding of ILF as well 

as precise clinically defined diagnostic criteria.  In combination with this we also have newer 

diagnostic methods such as HRCT and cryobiopsy that are also available worldwide. 

Professionals from different medical fields are also working in concert to ascertain the 

diagnosis and guide management. In very difficult cases all of these elements must be 

harmonized in order to establish the diagnosis. 

In recent years we have had breakthroughs in the treatment of the ILF. Several antifibrotic 

therapies have been approved that show a marked improvement over previous treatment 

options. This novel area of pharmacological therapy for ILF is especially emphasized in the 

text below. Several nonpharmacological therapeutic methods are also available including lung 

transplantation in severe cases. It must be mentioned that even with all of the available 

treatment options ILF remains a terminal disease with a very poor prognosis. 

Finally, several comorbid conditions are usually found to accompany ILF. This is expected 

since any severe chronic disease will have various comorbid conditions associated with it, 

especially in the later stages. Identification of these comorbid conditions is also necessary as 

they may complicate treatment and significantly alter disease outcomes.  
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3.EPIDEMIOLOGY 

Although a rare disease in its own right, ILF is known for being the most prevalent form of 

IIP (2). It is a challenge to give a precise estimate of prevalence and incidence of this 

particular disease owing to a sundry list of difficulties. In the past we had no exact uniform 

classification of ILF, and many interstitial lung diseases overlapped in their definitions which 

made it very difficult to calculate the prevalence and incidence of the disease. Today we have 

an exact clinical definition so classification is more standardized (1). Secondly, different 

diagnostic methodologies have been used by different studies ranging from differences in 

physician experience to the use of different International Classification of Disease (ICD) 

codes. Lastly each study has its own peculiarities that make it difficult to do a comparison, 

such as differences in population (3). According to the European ILF registry the incidence is 

heavily dependent on age, and rises in proportion to it. It reports an incidence of 2.7/100,000 

in 35 to 44-year-olds and in patients that are over 75 a significantly higher rate of 175/100,000 

(4). It acknowledges that there are difficulties with estimating a total incidence but concludes 

that an „average incidence of 7-10/100,000 is likely“ (4). These numbers are confirmed by 

other registers that get their data from various trials, for instance a trial in Northern California 

used a traditional ILF algorithm to identify 2608 cases of ILF in at-risk adults. They give an 

annual incidence of 6.8/100,000, and the incidence is higher in patients that are older, male 

and Caucasian, higher rates were also found in older populations being as high as 

494/100,000 in the USA (5,16). Similar incidences are found in registries from Finland (6) 

and other European countries (7). Japan has shown slightly lower rates of 2.23/100,000 (8). It 

is possible to find studies that report much higher rates of ILF than the ones listed; this is 

mostly due to a disaccord of their inclusion criteria and methodologies, as well as regional 

differences among the population. In order to better appreciate the incidence of the disease 

over various geographical regions refer to Table 1.      

   

As mentioned above it is a disease of advanced age with a mean age of onset in the late 60s 

and early 70s (10). A comprehensive data analysis from the European ILF registry sets the 

mean age of onset at 68.1 years (11). A similar study in the UK gives the highest incidence 

for the disease in the age group over 65; with a sharp decline in incidence in patients over 85 

(14). From this data we can conclude that the majority of cases appear between 60 and 70 

years of age.       
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All of the previously mentioned studies and registries agree that ILF is more common in 

males than in females. One study conducted in the USA shows a 20% higher prevalence of 

ILDs in males than in females; with a smaller but significant increase in the incidence among 

males as well (13). The most common ILD in this study among both sexes was ILF. Similar 

findings that show an increased incidence among males can be seen in studies conducted in 

the UK (14). Although the exact number by which the disease is more prevalent in males 

differ from study to study, this is to be expected due to international variations in population, 

among other incongruences as mentioned above.      

  

In studies conducted in Europe we can see that the prevalence and incidence of ILF is on the 

rise, especially among older males (15). Data from the USA also shows that incidence and 

prevalence are increasing in recent years (16). It must be noted that diagnostic criteria have 

recently undergone significant revisions, which might explain the cause of this upward trend 

in the prevalence and incidence.  

The mortality of ILF is very high, with estimations of mean survival after diagnosis being 3-6 

years (9). Mortality is dependent on different baseline factors that are estimated at the time of 

diagnosis including CT findings and pulmonary function tests. In recent years mortality for 

ILF has shown a slight increase, or at least no improvement (9,16).  

Table 1. Incidence of ILF by country (5,6,7,8,16) 
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4.PATHOGENESIS 

The pathogenesis of ILF is very complex and a complete understanding of all of its intricacies 

has not yet been achieved. Nevertheless, various risk factors and molecular pathways have 

been identified that can help us to better understand the pathological processes that underlie 

this condition. Various environmental and genetic factors play a role, as well as the natural 

physiological process of ageing. The basic hypothesis for the mechanism of disease is 

described as follows; chronic microscopic injury to the alveolar epithelium initiates a cascade 

of signaling cytokines and growth factors which initiate repair of the tissue (190). For various 

genetic and environmental causes this repair process may be aberrant, and will cause 

abnormal fibrosis and remodeling of the alveolar epithelium leading to ILF (190). 

4.1.Gastro Esophageal Reflux Disease 

One of the most important proposed mechanisms to discuss is the association between GERD 

and ILF. GERD is extremely common in patients with ILF prevalence being as high as 87%, 

which is much higher than in the general population (71). About half of these patients have 

occult forms of GERD while the others have more prominent symptoms such as heartburn 

(115). We see a higher proportion of asymptomatic GERD in ILF patients than in GERD 

without ILF, so this is important to keep in mind for diagnosis (115). The proposed 

mechanism of pathogenesis is via microaspiration of acidic particles which cause damage to 

the lungs and induce fibrosis and abnormal remodeling (115). This association is strengthened 

by studies linking a fibrotic response in mice to aspirated gastric fluid mediated by T cells in 

conjunction with various interleukins, TGF-β and TNF-α (116,117). In humans we also have 

studies showing a more acidic aspirate in ILF when bronchoalveolar lavage was performed, 

which further strengthens the association between GERD and ILF (118). Treatment with PPIs 

has also shown to be of some benefit in patients with ILF, however we should also note that 

certain studies have demonstrated no or negative impact on disease progression with this 

therapy (81,119). It is also thought that ILF may favor the development of GERD by way of 

increased negative intrathoracic pressure (115). This shows that we do not yet have a full 

understanding of the complex relationship between GERD and ILF, therefore further research 

is needed. Similar conflicting findings regarding its impact on ILF have been found in patients 

that underwent surgery for GERD (115). For an illustration of the relationship between GERD 

and ILF refer to graph. 1. 
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4.2.Genetics 

Numerous genetic polymorphisms and mutations have recently been identified that are 

associated with ILF, both in the familial and sporadic form. One of these mutations was 

located in the TERT and TERC genes region, which encode different telomerase components. 

These mutations result in shortened telomeres which restrict the capacity for renewal of the 

epithelial cells in the lungs and are associated with familial ILF (FPF) and to a lesser degree 

sporadic ILF (17). Another important mutation was identified in the region encoding for 

suftactanct protein A2, which plays a role in surfactant production in the epithelial cells of the 

lungs; the gene in question is SFTPA2. Two different missense mutations in this region were 

found to be associated with both ILF and lung cancer. It is thought that these mutations cause 

the production of unstable proteins that are retained in the endoplasmatic reticulum of the cell 

(18). Another frequent mutation associated with FPF is found in the gene encoding for 

surfactant protein C, which likewise potentiates protein retention in the ER (14). Large 

genome-wide association studies have discovered a common polymorphism in the promoter 

region of the MUC5B gene that is associated with both sporadic and FPF forms of the disease 

(19). This gene is pivotal for maintaining normal lung clearance by mucociliary secretion, and 

is shown to contribute to normal lung immune homeostasis in mice; inhibition of the gene 

resulted in numerous infections (20). Additional variants found to be associated with 

susceptibility for ILF are polymorphisms of TOLLIP and SPPL2C, with one novel variant of 

TOLLIP also associated with a higher mortality (21). These genes are important regulators of 

the innate immune response pathways, especially for lung epithelial cells, and polymorphisms 

of these genes can result in susceptibility to various infections and subsequent lung damage 

(21). Analysis has shown us a trend of genes causing changes at the genetic level 

(TERT,TERC), as well as genes influencing the normal function of the alveolar epithelial 

cells (MUC5B, TOLLIP, SFTPA2), subsequently increasing susceptibility for ILF. Refer to 

Table 2. for an overview of all of the main genetic factors influencing ILF and their proposed 

mechanism of effect. 
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Table 2. Mutations and polymorphisms associated with ILF 

 

4.3.Environment 

Although a direct causal link has not been established, environmental agents may have an 

aetiological role in the development of ILF. Numerous epidemiological investigations have 

been undertaken with the goal of exposing a causal relationship between various 

environmental factors and ILF. The data has shown a strong association between cigarette 

smoking, metal dust and ILF (22); even after smoking cessation some genes will remain 

altered and will not revert to pre-smoker levels and thus pose a continuous risk for 

development of ILF and other pulmonary diseases (23). Other environmental exposures 

associated with the disease are linked to several occupations such as agriculture and farming, 

or prolonged exposure to wood dust and sand dust, however these studies admit to certain 

limitations and conclude that the cause of ILF is likely heterogeneous (24). 

There is mounting evidence that microbial agents play a notable role in ILF pathogenesis. 

Viruses belonging to the family of human herpes viruses such as herpes simplex virus type 1, 

Epstein-Barr virus and cytomegalovirus; which are frequently found in patients with ILF are 

thought to occasion ER stress and apoptosis of alveolar epithelial cells (25,26). Such 

processes are shown to be associated with ILF development (25). Other information that 

supports this hypothesis is found in studies analyzing the effects of antiviral therapy on ILF 

patients. Although such studies are few in number, they show improvements in patients 

treated with antiviral therapy, and while it cannot replace standard treatment for ILF it is seen 

as adjunctive (27). The role of bacteria has not been as thoroughly developed, although it is 

known that ILF predisposes the patient to bacterial infections it is difficult to say whether or 
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thought they play a role in the initiation of the disease (28,29). Further studies regarding the 

role of bacteria are needed to provide more conclusive results.  

4.4.Endoplasmic reticulum stress 

The ER is an organelle with many functions including protein packaging and secretion. When 

there is an increased demand for protein processing in the cell, the ER will respond by 

activating various signaling pathways known as UPR which is a physiological mechanism by 

which it meets the increased demands for protein folding. If the ER is unable to meet the 

increased requirements it will be put under severe stress in which case UPR will lead to 

apoptosis of the cell (30). ER stress is found in patients with ILF and evidence suggests that it 

contributes to its pathogenesis (25). Characteristic UPR markers were found in both sporadic 

and FPF, particularly in type II alveolar epithelial cells (25). The causes of ER stress are 

various; studies show that the above mentioned mutations SFTPA2 and SFTPC are strongly 

associated with an ER stress response. The heterozygous mutation in the SFTPA2 gene results 

in a buildup of proteins in the ER that cannot be properly folded and secreted. SFTPC 

mutation causes similar abnormalities in protein folding resulting in subsequent buildup 

leading to apoptosis of the cell (31,32). Viruses have also been found to activate the UPR 

response and their presence in patients with ILF has been documented (33,25). In addition, 

cigarette smoke, which is an important potential cause of ILF, also been linked with signaling 

pathways involved with ER stress (23,34). 

4.5.TGF-β activation 

Increased activation of TGF-β is one of the most important operations that underlies ILF 

pathogenesis. TGF-β in its inactive or latent form is bound to a latency associated peptide; 

this complex is attached to the extracellular matrix (35). During development of lung fibrosis 

alveolar cells, which have undergone lung injury and inflammation, are known to produce an 

alpha(v)beta6 molecule that binds to the latency associated peptide that is bound to the latent 

TGF-β (36), resulting in an activation of the latent TGF-β. This leads to abnormally high 

levels of active TGF-β because under conditions of lung injury or inflammation alveolar 

epithelial cells are shown to upregulate alpha(v)beta6 molecule expression (36). The effects of 

TGF-β on the lungs are numerous and its activity is qualified by the tyrosine kinase receptor 

(37). This interaction of TGF-β with its receptor leads to activation of profibrotic pathways 

(37), alveolar epithelial apoptosis and inhibition of their proliferation (37), and promotion of 
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the transition from epithelial cells to mesenchymal cells (38). All of these mechanisms are 

thought to contribute to ILF pathogenesis. 

4.6.Epithelium-to-mesenchyme transformation 

EMT is the process by which fully differentiated epithelial cells undergo transformation into a 

mesenchymal cell phenotype (38). What is meant by this is that cells that undergo EMT 

typically express markers associated with fibroblasts, or more specifically activated 

fibroblasts known as myofibroblasts, which are cell types derived from primitive 

mesenchyme. However, there are difficulties in classifying these EMT cells as fibroblasts 

themselves based on these markers alone; as is illustrated below (39). One of the markers in 

question is αSMA; this marker is not shown in all myofibroblasts and hence is not universally 

specific (39). Other markers such a vimentin and type I collagen also suffer this problem of 

specificity (39). Regardless of the exact specification of the EMT cells it is known that this 

process occurs in adult organs and is associated with tissue injury and fibrosis (40,41), just 

how much this process contributes to the development of lung fibrosis remains unknown. 

Even so, given that EMT is associated with fibrosis in adult organs and that alveolar epithelial 

cells in mice have shown to be progenitors for fibroblasts which contribute to fibrogenesis 

(42), this pathway could potentially play a role in pathogenesis and must be further researched 

to elucidate possible treatment targets. It is prudent to mention that TGF-β, which is increased 

in ILF, is involved in inducing the EMT process (38). Further UPR is also shown to initiate 

EMT (43), and UPR itself was shown to be increased in ILF due to certain genetic mutations 

such as SFTPC and SFTPA2 (32). Give all this data we can say that EMT probably 

contributes to some of the fibrinogenesis in ILF by having the aberrant alveolar epithelial 

cells interact with the local fibroblasts in the lungs and cause a profibrotic response, although 

it is unlikely that is serves as a source of newly developed myofibroblasts. 

4.7.Epigenetics 

Epigenetics is the process by which gene activity is altered without changing the underlying 

DNA. The main mechanisms of epigenetics are changes in DNA methylation, microRNA 

expression and histone modification, these modifications are heritable but they do not alter the 

DNA sequence as mentioned above (44). Such changes are shown to occur in ILF; studies 

indicate that an important microRNA cluster miR-17~92 responsible for normal alveolar 

homeostasis in the lungs is suppressed in ILF due to increased DNA methylation of the miR-

17~92 promoter region, with a concurrent upregulation of DNA methyltransferase (45). This 
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is an example of epigenetic changes in the ILF alveolar epithelium. Other studies have found 

a number of other genes in ILF lungs that had a severely altered DNA methylation profile in 

contrast to normal lung tissue, and ILF samples in general had a higher expression of DNA 

methyltransferase (46). The main causes of epigenetic modification in ILF are thought to be 

cigarette smoking and ageing. Cigarette smoke is a known inducer of epigenetic changes in 

epithelial cells (47), considering its association with ILF (22) we can conjecture that it 

contributes to some of the epigenetic alteration seen in this disease. As for ageing, genome 

wide studies have shown a stochastic DNA methylation drift affecting gradual upregulations 

and downregulations at various loci in ageing stem cells (48). This results in phenomena 

known as epigenetic mosaicism, which can be defined as a change in the epigenotype in 

different cells sharing a common lineal zygote (49). Such changes will derive altered 

phenotypes that lose their plasticity and contribute to proliferative defects and various 

diseases including cancer (48). It is thought that this mechanism of stochastic methylation 

involved with ageing cells could help explain the prevalence of ILF in the older population 

(11). 

4.8.Fibrocytes and Fibroblasts 

Fibrocytes are mesenchymal cell progenitors derived from the bone marrow. Identified by 

their precursor markers CD34, CD45 and type I collagen, they are involved with the 

physiological repair of damaged tissue (50). They are normally found in the circulation, but in 

ILF they can be found in the lungs as well (51,54). Fibrocytes are thought to participate in 

lung fibrosis by secreting collagen types I and type III, by way of profibrotic mediators and by 

differentiating into fibroblasts and myofibroblasts, all of these mechanisms potentiate fibrosis 

of the lungs (51,54). Fibrocytes are especially prone to conversion into fibroblasts in the 

presence of TGF-β, which has been shown to be increased in ILF (36). Moreover pulmonary 

epithelium in ILF is shown to express an escalated number of chemokine CXCL12, which 

mediates the recruitment of fibrocytes from the circulation into the lungs and promotes their 

transformation into fibroblasts (51,52).To further strengthen this relation between fibrocytes 

and ILF the number of circulating fibrocytes was shown to be a predictor of mortality in ILF, 

and the number also increased in acute exacerbations (53). Taken together this data indicates 

that fibrocytes contribute to ILF (54). 

Fibroblasts are tissue mesenchymal cells found in the lung and contribute to tissue repair by 

secreting matrix proteins such as collagen, while myofibroblasts are the primary phenotype 

present in ILF that excessively secretes matrix proteins which may lead to pathologic fibrosis 
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of the lungs (55). In addition to their excessive secretory activity myofibroblasts will contract 

and this ultimately leads to formation of stiff scar tissue (56). TGF-β is a potent mediator for 

differentiation of fibroblasts to myofibroblasts and in addition to this; contraction of 

myofibrobalsts releases TGF-β which leads to a feedback loop potentiating further lung 

fibrosis (56,36). In normal lung healing excess fibroblasts and extracellular matrix 

components are removed via apoptosis (57). This process fails in ILF as the fibroblasts are 

resistant to apoptosis and they will continue secreting fibrotic components leading to an 

abnormal ECM and injury to alveolar cells (59). The reason for this apoptotic resistance is 

thought to be molecular modification by SPARC and survivin production among others 

(59,58). Another question is why fibroblasts are sequestered to the lungs so aggressively in 

ILF; to emphasize this facet some have compared them to cancer cells (60). Researchers have 

sought for the answer in one of the signaling pathways known as alpha4beta1, which if 

inhibited will confer a more migratory and invasive phenotype in comparison to normal lung 

fibroblasts (61). This inhibition was shown to occur in ILF (61). Another feature associated 

with the more aggressive phenotype is overexpression of HA synthase 2 and expression of 

hyaluronan receptor CD44, blocking of these receptors showed a decrease in fibrotic activity 

in the lungs of mice (62). 

4.9.Synthesis of the pathological factors 

ILF is a disease with a chronic progressive course, characterized by progression of fibrosis 

(60); given the large number of contributing factors we can attempt to offer explanations for 

why this is so. One hypothesis is that this unremitting character of the disease is due to 

constant microinjury of the lungs (60). This would explain why GERD is seen in many 

patients with ILF, since microaspiration of these acidic particles could cause microscopic 

damage to the lower parts of the lungs (63). Other potential sources of this protracted damage 

to the lungs are cigarette smoke and infections (23,25,63). However, the kind of diffuse 

histological damage that follows such exposures is not seen in all patents with ILF, and is 

more common in patients with acute exacerbation of ILF (60,64). Thus, alternative 

explanations must be sought out for these cases. 

For alternative explanations we should look at some of the genetic changes mentioned above 

(SFTPA2,SFTPC,MUC5B), these changes will activate other prominent mechanism related to 

ILF and that is UPR (31,32). These changes will be chronic and persistent and will result in 

apoptosis of normal lung tissue and remodeling into aberrant extracellular matrix formation 

and development of fibroblasts. TGF-β is also activated by UPR, which is upregulated in the 
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lungs through activation of the integrin system alpha(v)beta6 (36). This will also lead to EMT 

and further propagate fibroblast recruitment into the lungs (43). Another possible cause of ILF 

without the classic histological signs of damage to the lower lung could be sought in the 

epigenetic sources we have mentioned, this would have a similar pathological pathway to the 

genetic mutations described above. Thus, we see how all of the previously mentioned factors 

are interconnected and we can further appreciate the complex nature of ILF pathogenesis. 

We should also mention the role of aberrant wound repair in ILF. Once damage has been done 

to the alveolar epithelium it will result in a disruption of the basement membrane which will 

result in clot formation in part mediated by EPCs (65). In ILF levels of EPCs are decreased, 

which is thought to stifle wound repair and recovery in the lungs. This is thought to initiate a 

profibrotic response, and also to induce EMT, which will have further negative downstream 

effects illustrated to us above (65). 

 

 

Graph 1.Relation  between GERD and ILF, adapted from Ghisa et al. (115) 

5.CLINICAL PICTURE AND PROGRESSION 

ILF is found predominantly in male patients of advanced age, with the mean age of onset 

being above 60 (1,10). The disease is rare below the age of 50 (1). The early phase of the 

disease has non-specific signs such as dyspnea, fatigue, malaise, inspiratory crackles and 

finger clubbing (66). A dry cough is also present, especially on exertion such as walking 

uphill (66). Something more specific that should prompt the physician to think of ILF is the 
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presence of bibasilar inspiratory crackles that are described as „velcro type “(67). Finger 

clubbing is present in 25-50% of patients (68). Given the older population that this disease is 

associated with patients will have various comorbidities, and at late stages of the disease 

cyanosis and right ventricular failure (68). 

Risk factors for ILF are cigarette smoke, wood dust, metal dust, and jobs in agriculture and 

farming (24,72). Comorbidities commonly seen in ILF include obstructive sleep apnea, 

diabetes mellitus, infection with herpes virus and GERD (26,69-71). Recently a positive 

family history for ILF was reported as the most important risk factor (72). Given the extensive 

genetic changes linked with ILF this comes as no surprise. 

Lung function tests should be performed in all suspected ILF patients. Here a notable decline 

in the FVC will be noted. A marked decrease in FVC of more than 10% predicted is 

associated with an increased mortality as well as increased risk of AE ILF (91,92). The 6 

minute walking test should also be performed, ILF will present with deterioration here. A 

reduction in the distance walked of more than 50 m in 24 weeks is associated with a threefold 

increase in mortality over the concurrent year (92). Later on in the disease supplemental 

oxygen will be needed in any kind of physical exertion and finally upon rest as well (92). 

Disease progression can be classified into different clinical forms. We have subclinical ILF 

where the symptoms of the disease will be preceded by radiographic evidence (191). This is 

followed by a symptomatic period; the rate of decline is relatively slow in the subclinical 

model (191). The classic pattern of decline is slow steady progression followed by death 

within several years (192). We also have patients with an aggressive rapid progression of the 

disease, associated with smoking and male sex as well as expression of certain genes that are 

not present in the more benign clinical variants (193). Finally, a mixed progression with 

periods of stability interposed with periods of precipitous decline in which AE ILF is 

frequent, they also have a poorer outcome relative to the slower progressing cases (194).   

5.1.Acute Exacerbation of ILF 

AE ILF has been defined as clinically significant acute deterioration of previously stable 

chronic ILF, of undefinable cause (73). The exact criteria for AE ILF include deterioration 

(dyspnea and hypoxemia etc.) of less than 30 days duration, new bilateral consolidation and 

opacification on CT and the deterioration is not explained by cardiac failure or overload of 

fluid (1,73-75). Aetiology of AE ILF is uncertain, it is now recognized that a myriad of 

external factors including surgery, microaspiration, biopsy and infections could be possible 
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triggers (76-81). Risk factors are never having smoked, reduced FVC, poor baseline 

oxygenation, poor 6 minute walking test result, pulmonary hypertension and high baseline 

KL-6 a mucinous glycoprotein expressed by alveolar type II cells (82,83). Potential risk 

factors are increased BMI, young age and coronary artery disease comorbidity (73). The 

incidence is around 10%, but varies according to ethnicity (73). AE ILF has a very high 

mortality rate; about 46% of all ILF patients die from this entity (73,84). Biomarkers have 

been recognized for outcome prediction such as lactate dehydrogenase, KL-6 and C-reactive 

protein and can help us recognize patients at higher risk for AE ILF (73,84,85).  

Diagnosis of AE ILF must be prompt; other emergencies such as heart failure, pulmonary 

embolism, pneumothorax or infection should be ruled out (1). Diagnosis is made in part by 

clinical signs such as worsening dyspnea, finger clubbing and cyanosis that have a rapid onset 

of less than 30 days. Additionally, fever, cough, sputum production and flu like symptoms 

may occur (86). To quantify these signs arterial blood gas should be drawn to assess gas 

exchange, a low PaO2 (<75 mmHg) or an abnormal PaO2/FiO2 (<225 mmHg) is expected 

(87). FVC must be measured and 6 minute walking test should be conducted and compared 

with previous measurements if they are available; precipitous deterioration in either of these 

can point to AE ILF (88,89). Markers such as lactate dehydrogenase, C-reactive protein and 

KL-6 should also be measured when possible, since they are increased in AE ILF (73,84,84). 

Imaging with HRCT is the most important component of AE ILF diagnosis. Here the typical 

finding is new bilateral alveolar infiltrates (1). These infiltrates are described as consolidation 

and ground glass opacification in the literature (73). Subsequent scans should be compared 

with the earlier ones. If this is the patient’s first HRCT scan and no previous images are 

available for comparison the appearance of bilateral ground glass opacification and/or 

consolidation superimposed on findings typical of ILF such as UIP will suffice for diagnosis 

(73).   

We should also mention the histological pattern associated with AE ILF. The typical 

pathologic feature is DAD, which it shares with ARDS (1,74). It can also appear as an 

organizing pneumonia histologically but this is rarer (1). This will be superimposed over the 

regular histologic signs of ILF like honeycombing and reticular densities which are discussed 

below (74). 
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6.DIAGNOSIS 

The diagnosis of ILF has long been an area of controversy due to its complexity and therefore 

the 2000 ATS/ERS 2011 statement and the 2011 ATS/ERS/JRS/ALAT revision were so 

important because they offered standardized criteria for diagnosis of ILF using the best 

evidence available at the time (1). The 2011 ATS/ERS/JRS/ALAT revision is the most recent 

and authoritative review of the guidelines and recommendations for ILF and it is mainly this 

data that we will draw from in this review. It must be said at the outset that diagnosis of ILF is 

very complex and requires a robust multidisciplinary approach. Before we discuss the updated 

diagnostic criteria it would be prudent to give a basic overview of the differential diagnoses 

related to ILF. We will then discuss the diagnostic procedures proper as well as the 

multidisciplinary approach. 

6.1.Differential Diagnosis 

An important part of establishing ILF involves ruling out other possible causes of lung 

fibrosis, because diagnosis of ILF is partly a diagnosis of exclusion. A careful history and 

physical examination, as well as HRCT imaging is indispensable for discerning the probable 

cause as many other causes can present with UIP which is the characteristic finding of ILF. 

Here we will mention a few of the most important differentials that are frequently seen in 

clinical practice and how to differentiate them from ILF. 

Combined pulmonary fibrosis and emphysema syndrome is seen as the coexistence of IIPs 

with emphysema. This is a relatively novel entity with a poor prognosis and limited treatment 

options. The main feature to distinguish it from ILF is emphysema located in the upper lobes 

on imaging (120). Even if it has UIP on the basal area of the lungs, emphysema of the upper 

lobes will exclude ILF. 

Asbestosis is an insidious chronic pulmonary disease caused by small asbestos fibers that are 

deposited in the lungs. It is most commonly linked to some occupation or living conditions 

that provide exposure to the material. Differentiating between asbestosis and ILF can be very 

difficult since both present with bilateral pleural thickening and honeycombing. Also, no 

significant difference in history is observable (121). The main point of differentiation is the 

presence of subpleural dotlike or branching opacities, curvilinear lines, and bandlike opacities 

which are all suggestive of asbestosis. Basal and dorsal localization of the lesions is 

suggestive of asbestosis. These findings are also centrilobular in asbestosis as opposed to ILF 

(121). 
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Autoimmune diseases are another category presenting similar to ILF. Here serologic testing is 

useful and should be performed. On HRCT straight edge signs, lesions in the upper lobes, and 

exuberant honeycombing (>70% of fibrotic area) are associated with autoimmune diseases 

(105,122). The most specific sign is the straight edge sign; also less emphysema is seen and 

pleural and pericardial effusions may be present (105,123).  

Chronic hypersensitivity pneumonitis can also be confused with any IIP unless exposure is 

evident. Here specification can be done via clinical, HRCT and pathological findings. HRCT 

findings suggestive of hypersensitivity pneumonitis are centrilobular nodules, mosaic air 

trapping and upper lobe involvement (90). Pathologically bronchiolocentric distribution and 

poorly formed granulomas is the key to diagnosis (90). BAL with predominance of 

lymphocytosis can also help to make the diagnosis of hypersensitivity pneumonitis (1). 

Finally, an inquiry as to possible sources of exposure is necessary in these patients. 

6.2.PFT  and 6 Minute Walk test 

PFTs are a key component for monitoring and diagnosis of ILF, and are one of the first tests 

that should be ordered. Indeed, changes in PFT results can be a potent predictor of disease 

mortality as stated above (91,124). The main variables that are evaluated are FVC and DLCO. 

FVC should be evaluated at regular intervals usually every 6 to 12 months (125). Declines in 

FVC of 10% or DLCO of 15% over 6 months predict mortality in the subsequent year (126). 

Even smaller absolute declines in FVC of 5% can indicate a worse diagnosis (126). These 

findings must be contextualized with the larger clinical picture, since in isolation they are not 

specific to ILF. 

6MWT is another test used to predict prognosis in ILF, however these results are also 

nonspecific and therefore can’t be used for diagnosis and must be contextualized (1). The key 

variables measured here are oxygen saturation and distance walked. Changes in oxygen 

saturation during testing to below 88% may be significant but an exact cut-off point to 

determine outcomes has not been determined (127). When we consider distance walked, a 

distance of less than 207 m walked or a more than 50 m decline within 24 weeks may be 

significant (128,129). These measurements should be conducted every few months to 

determine if these are any changes and to monitor disease progression while keeping in mind 

the context of the larger clinical picture. 
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6.3.Laboratory Testing 

Given the wide range of connective tissue diseases that may have a similar presentation to that 

of ILF serologic testing is used to help differentiate between these different etiologies. The 

guidelines suggest that such testing should be done in the majority of patients and should 

include the following: rheumatoid factor, anti-cyclic citrullinated peptide and anti-nuclear 

antibody and pattern (1). Other antibodies such as antisynthestase antibodies, Sjogren's 

antibodies, creatine kinase and aldolase and scleroderma antibodies may be useful in specific 

cases (1,93). We should note that at this time there is no biological marker that allows for a 

diagnosis of ILF. A slight increase in anti-nuclear antibody and rheumatiod factor may be 

seen in ILF (1). Such patients should not have any of the accompanying signs of CTD and no 

other positive serological findings for ILF to be safely diagnosed (1). Other studies report an 

increase in SP-A, SP-D as well as free circulating DNA (94,95). The clinical utility of these 

findings is vague however, and at best it can serve for excluding other IDLs but not for 

diagnosis. 

6.4.Bronchoalveolar Lavage 

The role of BAL in ILF diagnosis is controversial. This procedure is usually used for 

diagnosis of various ILDs by analyzing the cellular and protein content of the obtained fluid. 

Hypersensitivity pneumonia is one of the differentials that can be excluded in this way (1). It 

can also be used to narrow the diagnosis between other ILDs mainly by evaluating the cellular 

content of the sample (1,96). The drawbacks are that it cannot establish the diagnosis of ILF 

in isolation from other tests as the findings may overlap with other ILDs (98). It also carries 

with it a risk of provoking AE ILF (97). BAL also has no value in predicting disease 

prognosis or outcomes (1,98). All of this taken together, the guidelines recommend that BAL 

should not be used in a majority of patients for diagnostic purposes (1,98). It has a more 

prominent role in evaluation of suspected infection, malignancy or AE ILF where BAL may 

be diagnostic (98). 

6.5.Imaging 

Chest x ray can show a bilateral reticular pattern, predominantly in the basal areas, cystic 

airspaces may also be present (93). However this is usually present in later stages of the 

disease, in early stages x ray images may be completely normal. Such findings are non-

specific and should be placed in the larger context of the clinical picture. It is therefore 

necessary to use HRCT for establishing a definitive diagnosis in patients that are suspected of 
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ILF. According to the latest guidelines HRCT findings characteristic for ILF are sufficient to 

establish a diagnosis in concurrence with other characteristic clinical findings mentioned 

above, lung biopsy is not required for diagnosis (1). Imaging should be obtained during 

maximal inspiration in the supine position and reconstructed with a high spatial resolution 

reconstruction algorithm using thin slices (<2mm) (1,93,99).  Volumetric imaging is the 

preferred mode of imaging as it improves the characterization of the findings (99). Prone 

imaging may also be done to evaluate the posterior lobes and to elucidate any dependent 

opacification that may be mimicking ILF (93,99). Expiratory imaging can be used to detect 

air trapping which may suggest an ulterior diagnosis (93,99). 

The defining pattern of ILF on HRCT is UIP. This pattern is essential for establishing a 

diagnosis according to the latest guidelines (1). Radiological UIP is defined by the presence of 

reticular opacities and honeycombing, with or without traction bronciectasis, with a 

peripheral, subpleural and basal distribution, in the absence of other findings inconsistent with 

UIP (1,93). Recognizing these various signs is important for diagnosis but also for disease 

prognosis, indeed traction bronchiectasis and honeycombing are associated with lower 

survival (100,101).  

Honeycombing is the most specific UIP finding and occurs in up to 90% of cases, it is found 

on radiological examination in the dorsal, basal, subpleural and can be seen in the upper lungs 

(93,102,103). According to the latest guidelines it presents as clustered, thick-walled, cystic 

spaces of uniform diameters measuring 3-5mm, occasionally they can be a big as 25 mm 

(1,99). The number of such cysts varies depending on disease progression, but 2-3 contiguous 

cysts are adequate for identification of honeycombing (99). Much smaller cysts termed micro-

honeycombing may be seen on histological samples in ILF, these cannot be seen by HRCT 

and do not correlate with CT findings (102). Recently there has been discussion over the 

visualization of honeycombing by physicians, and is now recognized as one of the greatest 

challenges in ILF diagnosis (93). Interobservational variations are seen, mainly due to the 

large number of entities that can be indistinguishable from honeycombing according to its 

current definition. For instance, traction bronchiectasis can present as rounded pockets of air 

with thick walls, and if they appear in clusters differentiation from honeycombing is near 

impossible (93,99). In addition, histopathological studies have shown that honeycombing and 

bronchiectasis can overlap on CT further complicating differentiation (93). Other entities that 

may cause confusion in diagnosis are emphysema, overlapping ground glass opacities and any 
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pulmonary cystic disease (93). A careful evaluation of sequential multiplanar images is 

required in these cases. 

Traction bronchiectasis is common to all forms of lung fibrosis. It manifests as dilation of the 

airways due to fibrosis and distortion of the surrounding parenchyma (99). It has a more 

peripheral distribution in ILF. Since it is not specific for ILF, traction bronchiectasis must be 

differentiated from honeycombing which is more specific. It usually overlaps with 

honeycombing so telling the two apart is difficult as mentioned above, and requires an 

experienced radiologist (93,99). Thin section multiplanar image reformations and minimum 

intensity projections are recommended for visualization of bronchiectasis (104). 

Reticular pattern is defined as linear opacities related to septal thickenings, interlobar lines, or 

the walls of honeycomb cysts (105). Characteristically it will look like a network of fine lines 

that are irregularly spaced (99). Something to note is that extension of reticularities into the 

upper parts of the lungs is a predictor of UIP at histology (105). 

Ground glass opacities are thickenings or attenuations of lung tissue (105). This entity can 

appear in various diseases and is not usually a feature of UIP but it can be included if it is 

found in areas of fibrosis (99,105). Different aetiologies should be sought if ground glass 

opacities are found in isolation (99,105). Appearance of this entity bilaterally in the context of 

a worsening clinical picture for less than one month is associated with AE ILF (93). Please 

refer to image 1 (page 31) for typical x-ray findings of ILF. 

6.6.Classification of HRCT findings 

Recently a review paper has published a new system for stratification of CT findings that 

builds off the 2011 guidelines and expert opinion (1,99). The main groups are typical UIP CT 

pattern, probable UIP CT pattern, CT pattern indeterminate for UIP and CT pattern most 

consistent with a non-ILF diagnosis (99). For the precise criteria required for admission to 

each group see Table 3. The main difference between these criteria and the 2011 ones is the 

addition of the indeterminate group. This group covers those cases without a typical UIP 

pattern that have positive histological findings (99). For instance, areas of variable or diffuse 

attenuation is not consistent with the typical picture of UIP but cannot be used to exclude ILF, 

therefore it is termed indeterminate according to these guidelines (99). Probably the most 

important category is typical UIP because if we can satisfy the criteria for this group, then any 

need for surgical biopsy or other invasive procedures is excluded because of its excellent 

specificity (1,99,101). Indeed, studies show that usual UIP findings are predictable for UIP 
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biopsy findings in more than 95% of cases (106). The predictability is even higher in patients 

with other typical clinical signs (93,107). The main finding to look for is honeycombing 

which is highly predictive of UIP pattern on histology, even if honeycombing is found in 

small traces (106). Traction bronchiectasis are also of importance for diagnosis as it is closely 

associated to honeycombing and may even be part of the same histopathological process (93). 

Probable UIP pattern is associated with absence of honeycombing with all of the other 

required findings, this group still has a high probability of a definite or probable 

histopathological UIP pattern and it can provide a diagnosis in conjunction with all of the 

typical clinical findings according to latest guidelines (99). The guidelines also recommend 

surgical biopsy if the criteria for typical UIP or probable UIP pattern on HRCT with typical 

clinical findings is not satisfied, although a biopsy is usually done in the latter case (1,93,99). 

Please refer to image 2 (page 32) for typical CT findings of ILF. 

 

Table 3. Classification of HRCT findings adapted from Lynch et al. (99)  
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6.7.Biopsy and Histological Findings 

Surgical biopsies should be considered in patients with inconsistent and indeterminate HRCT 

findings or in patients that are under consideration for an alternative diagnosis (93). Surgical 

biopsies are the gold standard for acquiring lung tissue samples. Diagnostic yields are as high 

as 95% according to certain studies (93). Ideally the biopsy is taken from multiple lobes and 

should not target areas that are heavily affected by the disease (99,108). Biopsy should 

measure 2-3 cm along the pleural axis and be 1-2 cm deep (99). Open lung biopsies carry with 

them a high risk of mortality, up to 16%, and therefore VATS biopsies are sought as a safer 

alternative (109,110). However, VATS itself is not a benign procedure and has a mortality 

rate between 2-4% in ILD patients, especially in patients that have other risk factors such as 

pulmonary hypertension (111). Classically, transbronchial lung biopsy has shown to be 

unreliable for diagnosis of ILF; a new alternative to this procedure is transbronchial lung 

cryobiopsy (1,112). It has a lower mortality compared to surgical biopsy and can acquire a 

higher surgical yield than transbronchial biopsy; this comes at the price of increased 

incidences of hemorrhage and pneumothorax (93,112). Today the role of cryobiopsy is 

becoming more prominent, and for the reasons mentioned above it is preferred to open biopsy 

(112).  

All samples provided by the biopsy should be examined by an experienced pathologist. The 

histological features consistent with UIP in ILF are heterogeneous presentation with 

alternating areas of normal tissue intermixed with fibrosis and honeycombing (93,99). The 

fibrotic areas consist of foci made up of proliferating fibroblasts (93). Honeycombing on 

histology differs from the honeycombing on HRCT, and can appear in the absence of the 

latter (113). It is described as „1 to 2 mm dilated bronchioles surrounded by airless fibrotic 

lung on a pathologic specimen“ however some clinicians consider cyst larger than a 

centimeter as radiological honeycombing (99,113). Obviously, this causes some overlap with 

radiologic honeycombing but the two should be differentiated. The histologic criteria for 

determining the significance of the pathological findings are shown in Table 4. The 

histological diagnosis of ILF can only be made in the presence of UIP pattern or probable UIP 

pattern in the absence of some other known cause for the changes (93). The typical 

histological UIP/ILF pattern requires the presence of four findings including dense fibrotic 

remodeling and honeycombing, patchy lung involvement, fibroblastic foci and a subpleural or 

paraseptal distribution (99).  If DAD is seen on histology this is indicative of AE ILF, and 

should be treated accordingly (74). 
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Table 4. Histologic criteria for ILF diagnosis adapted from Lynch et al. (99) 

 

 

6.8.Multidisciplinary Approach 

A multidisciplinary approach is essential for diagnosis of ILF simply because the diagnostic 

procedure involves other specialties from the outset. What this entails is collaboration 

between radiologists, pathologists and pulmonary specialist according to the 2011 guidelines 

(1). Other specialties such as rheumatologists might also be consulted for exclusion of other 

causes (99). Overall the multidisciplinary approach has shown to have less variances between 

observers during in establishing diagnosis of ILF, and allows for a greater confidence when 

establishing the diagnosis (114). This is expected because the additional input provided by the 

specialties, especially from pathologists, forces the clinicians to review their initial 

impressions and to try to come to a consensus with the other specialties. Indeed, studies show 

that both pathologists and radiologists would change their initial diagnosis when presented 

with information from their colleagues in other specialties (114). For these reasons a 

discussion and dialogue between the specialties is recommended by the guidelines, but not all 

cases require this approach (1). For instance, a case with typical HRCT findings and clinical 

findings consistent with ILF will not need the multidisciplinary approach to establish a 

diagnosis. This approach has the most utility when applied to those cases with indeterminate 

features where it can provide a higher confidence for the diagnosis or establish a preliminary 

working diagnosis. The participants of the multidisciplinary approach must use the latest 
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standardized criteria as a starting point, and from there work out how to best classify non-

standardized features and come to a diagnostic consensus (99). This can be very time- 

consuming and difficult to coordinate in a hospital setting and these difficulties must be taken 

into account when making a treatment plan. Despite this setback the multidisciplinary 

approach when conducted by experienced physicians and when applied correctly can reduce 

diagnostic inaccuracy in atypical cases of ILF and other ILDs (99,114). 

7.TREATMENT 

In recent years we have seen some new developments in the area of ILF treatment. However, 

none of the new treatments are curative, they can only slow progression of the disease. 

Previously treatment was aimed at suppressing inflammation and slowing the progression of 

disease (131). We now know that the lesions in ILF may be of a more fibrotic nature than 

inflammatory and therefore this type of treatment was inadequate. Indeed, previous treatment 

regimens were associated with similar outcomes compared to placebo (132). Treatment will 

depend on the severity of the disease, comorbid conditions and the patient’s wishes or 

compliance. Furthermore, treatment is usually complex and involves a combination of 

medical therapy, patient education, ongoing monitoring and supportive care (1). 

7.1.Pharmacological therapy 

Today we have two antifibrotic drugs that are prominently in use for treatment of ILF. 

Nintedanib and pirfenidone are now considered as the first line of ILF therapy.   

Nintedanib is one of the drugs that has changed the paradigm of ILF treatment and is now one 

of the first line drugs used for ILF treatment. It is a receptor blocker for various tyrosine 

kinases (131). Initially it was conceived as an anti-tumor drug until it was discovered to have 

antifibrotic properties (130). Its antifibrotic effect is thought to be due to its inhibition of 

profibrotic mediators including platelet-derived growth factor, TGF-β, fibroblast growth 

factor and vascular endothelial growth factor which all have tyrosine kinase receptors (133). 

Nintedanib should be given in a dose of 150 mg twice daily 12 h apart (1,134). Trials have 

shown a reduction in the rate of decline in lung function measured by FVC compared to 

placebo and a lower incidence of AE ILF (134). A reduction in all-cause mortality was also 

observed (134). This drug is also shown to have beneficial effects irrespective of age, gender, 

smoking status and expected FVC. Indeed, it is effective even among patients with more 

severe forms of the disease (135). The drawbacks are side effects of that may be so severe as 

to lead to discontinuation of treatment (134). These include diarrhea (62%), nausea (24%), 
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vomiting (12%), an elevation in liver function tests and bleeding (10.3%) (134,136). This is 

why monitoring of liver function tests as well as patients taking anticoagulation therapy is 

necessary. Depending on monitoring results dose modification or discontinuation may be 

implemented (136).  

Pirfenidone is a novel antifibrotic agent that inhibits TGF-β stimulated collagen synthesis, and 

attenuates and downregulates fibroblast activity (137,138). The dose is fixed and titrated over 

a period of three weeks, in the first week we give 1 capsule 3x per day (801 mg/day), the 

second week we give 2 capsules 3x per day (1602 mg/day), and the third week we reach the 

maximum dose of 3 capsules 3x per day (2403 mg/day) (142). Various trials have been 

conducted using pirfenidone and they have shown a survival benefit, reduction in lung 

function decline and a decrease in mortality in favor of pirfenidone treatment in mild to 

moderate cases of ILF (139,140). An extensive safety profile has been constructed for 

pirfenidone based on these trials. It is considered to be well tolerated drug with infrequent 

serious adverse events, and any adverse effects that do occur may be managed by adjustment 

of the dose (141-143). The main side effects reported are rash, diarrhea, fatigue, 

photosensitivity and nausea, with nausea being the most common (140,143). If severe 

photosensitive reaction occurs then topical creams with steroids or silver sulfadiazine should 

be applied (141). In severe cases of ILF the efficacy of pirfenidone is not well established, but 

the data available shows a limited benefit with a diminishment of efficacy after 6 months 

(144). 

Immune suppression was previously considered important in ILF treatment. Before the advent 

of newer drugs various combinations of prednisone, azathioprine and N-acetylcysteine were 

used in ILF therapy. Recently studies have shown that combinations of such drugs have a 

greater mortality and hospitalization rate than placebo, and the guidelines therefore do not 

recommend these drugs (1,145).  

Since GERD is a major co-morbidity of ILF, it is no wonder that the role of PPIs has been 

widely considered in ILF treatment. The guidelines give a weak recommendation in favor of 

PPIs based on several studies that show a decrease in disease progression (1,146). This data 

has recently been revised and the effect of PPIs on disease progression has been brought into 

question. The data suggested a slight increase in pneumonia for patients taking antacid 

therapy, and no difference in mortality was shown (147). Nevertheless, there is a bias for 
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employing antacid therapy, especially if cough or other symptoms of reflux are present 

(1,148). 

7.2.Lung Transplantation 

Lung transplantation is the only procedure that has proven survival benefit in patients with 

end-stage ILF so far (149,153). Indeed, a study in the Netherlands showed a median survival 

rate of up to 10 years post transplantation in ILF patients (151). This finding however, is the 

ideal and we should temper our expectations given that ILF patients tend to have worse post-

transplantation outcomes than transplant patients with other diseases (154,155). Overall lung 

transplantation patients have a 54% 5-year survival rate (151,152). This low survival rate is 

mostly due to rejection, and the survival rate in ILF patients will greatly depend on the 

presence of graft dysfunction and infection (152,154). The most important contraindications 

are comorbidities such as recent malignancy, chronic extra-pulmonary infections and 

incurable major dysfunctions of other organ systems (149). Because of this, patients referred 

to transplantation must be closely monitored for development of comorbidities, especially for 

lung cancer as these may exclude the possibility of transplantation (149). HLA testing and 

extracorporeal membrane oxygenations have served to improve recipient selection standards 

and may preserve patients till transplantation is available (150). Because of the rapid 

deterioration of ILF as well as the occurrence of AE ILF early referral for lung transplantation 

is essential, indeed if the patient meets the criteria laid out in table 3, he should be referred as 

soon as possible (149). The latest guidelines recommend lung transplantation in severely 

affected patients, but they have no consensus on weather single or bilateral lung 

transplantation is preferable (1). This is an area of controversy, and the literature seems to 

suggest that the choice should be based on the experience of the transplant teams, the age of 

the patients and recipient and the presence of comorbidities (155,156). 

7.3.Other Non-Pharmacological Therapies 

Pulmonary rehabilitation has recently shown to have a positive effect on ILF patients. A 

systematic review of the relevant literature showed an increase in exercise tolerance and 

improvement in the overall quality of life for patients (157). Oxygen therapy is also 

recommended for patients in whom hypoxemia is present (1). It has been shown to improve 

exercise tolerance and may have a survival benefit in long term use (158,159).  



27 

 

8.COMMORBIDITIES 

Almost 90% of ILF patients have some comorbidity (149). They can be both respiratory and 

non-respiratory, knowledge of these is important since they play a large role in the patient’s 

quality of life and prognosis. 

8.1.Pulmonary Hypertension 

Pulmonary hypertension is defined as mean pulmonary arterial pressure (mPAP) more than 20 

mmHg on right heart catheterization (160). It is a well know comorbidity of ILF, however the 

exact prevalence is difficult to ascertain given the variations in methodology and interpatient 

variations. Between 20-60% of patients with advanced ILF will develop pulmonary 

hypertension (161). Suspicion should be drawn to pulmonary hypertension when the patient 

displays signs of right heart failure, additionally hypoxia and desaturation during 6MWT that 

is disproportionate to their current status (162-164). Disproportionate decrease in the DLCO 

should also bring pulmonary hypertension under consideration (162,163). Other ways of 

assessing pulmonary hypertension are echocardiography and CT of the chest where arterial 

enlargement is seen (162,163). These are more difficult to analyze and right heart 

catheterization is the gold standard (165). Pulmonary hypertension is an important predictor 

of mortality, especially when pulmonary arterial pressure is higher than 50 mmHg (162). Here 

mortality will be significantly higher. Unfortunately, effective treatment is lacking for this 

comorbidity and the guidelines do not have an official recommendation regarding treatment 

for this comorbidity (1). Various treatment options have been considered but none have 

established a valid treatment option, although in select patients sildenafil may have some 

benefit on quality of life (166). Further trials are needed to illuminate the inclusion of 

sildenafil in standard therapy of ILF with pulmonary hypertension as comorbidity (1).  

8.2.Gastro Esophageal Reflux Disease 

Microaspiration of acidic particles has been long been considered as a potential causal factor 

in ILF pathogenesis, and is considered to be one of the risk factors for developing lung 

damage which might lead to ILF (63,69-71). The prevalence of both symptomatic and 

asymptomatic GERD among ILF patients exceeds 80%, with up to one half being 

asymptomatic (167). This staggering prevalence would lend credence to the causal 

hypothesis, however a direct causal link is difficult if not impossible to establish as correlation 

in no way means causation (168). 
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8.3.Pulmonary Embolism 

In a retrospective study conducted in America on ILF patients the incidence of pulmonary 

embolism was three times higher than in patients without ILF (169). It is important to exclude 

pulmonary embolism when there is a worsening of symptoms, since it may mimic some of the 

ILF symptoms. Anticoagulation is not recommended in ILF, given some results that show an 

increased mortality in patients with anticoagulation therapy (170). Even patients taking 

anticoagulation for other non-ILF related indications may have negative effects (171). 

8.4.Lung Cancer 

These is an increased risk of lung cancer in ILF, the increase is proportionate to the duration 

of the disease (172). It is thought that both epigenetic and genetic factors as well as cellular 

transformation into a mesenchymal phenotype that occurs in ILF plays a role in lung cancer 

pathogenesis in ILF (42,173). Abnormalities in the telomerase enzymes TERT and TERC are 

also involved with lung cancer, but as we have mentioned they also play a role in ILF 

(17,180). Surgery can be curative in patients with this comorbidity, but overall an increased 

mortality and acute exacerbations are seen, and it has also been shown that chemotherapy may 

have an increased incidence of acute exacerbations (174,175,177). There is no official 

recommendation, but annual screening with HRCT for lung cancer is something to be 

considered (1,176). Furthermore, some studies have shown that therapy with pirfenidone and 

nintedanib have may improve survival in certain patients with lung cancer (178,179). 

8.5.Other Comorbidities 

Emphysema and COPD are comorbidities that have some of the same risk factors as ILF such 

as smoking. The prevalence of these conditions varies, with emphysema being in up to 27% 

of patients and COPD ranging from 6% to 67% (181). When ILF is found together with 

emphysematous signs it is known as combined pulmonary fibrosis emphysema (CPFE) and 

this condition must be treated as emphysema with bronchodilators, corticosteroids and 

antibiotics (182). Smoking cessation should be encouraged and oxygen therapy together with 

pulmonary rehabilitation is also recommended (164). 

Cardiovascular complications such as heart failure, hypertension, arrhythmias/atrial 

fibrillation and coronary artery disease are also noticed (183). Coronary artery disease is the 

most frequent cardiovascular comorbidity associated with ILF, but the prevalence is very 

difficult to gage with estimates ranging as high as 65% (184). Coronary artery disease is 

associated with worse outcomes for the patients and should be monitored carefully (184).  
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Obstructive sleep apnea has a complex relationship with ILF. Studies show that restrictive 

changes consistent with ILF may facilitate the development of apnea (185). On the other 

hand, apnea may lead to GERD which may lead to fibrosis, so a causal relationship is difficult 

to establish (187). Whatever the case we can see that obstructive sleep apnea is prevalent in 

ILF, and should be diagnosed with polysomnography (186,188). Treatment should be initiated 

with CPAP, and this is a case where treatment of comorbidity will have an improvement on 

quality of life and mortality in ILF patients (189). 

9.CONCLUSION 

Significant advancements have been made thanks to novel antifibrotic drugs. Despite this ILF 

remains a terminal condition and treatment is rather thankless; especially given the 

complexity involved in all stages of the disease from diagnosis to death. It remains an entity 

that only specialized multidisciplinary teams of clinicians can adequately treat. Further 

research that is focused on finding reliable biomarkers for early diagnosis and novel treatment 

options that might halt fibrosis is currently underway and should be followed carefully for any 

further advancement (195).  
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Images: 

 

Image 1. Typical chest x-ray findings in ILF. Notice the bilateral reticular changes. 

 

Image 2. Typical CT findings of ILF. Notice the bilateral cystic pattern in the basal areas, this 

is a typical of honeycombing in ILF. 
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